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

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

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

In-Process
Revision

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

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
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Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

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

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

In-Process
Revision

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

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)

PF 37(1): Jan.-Feb. 2011

13

Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.

PF 37(1): Jan.-Feb. 2011

14

For example, 2S (USP 34) indicates that the proposed revision is slated for the Second
Supplement to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP
35 and NF 30, respectively.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
Amiodarone Hydrochloride Oral Suspension. Because there is no existing USP monograph for
this dosage form, a new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 4.6-mm × 250-mm column that contains 10-µm
packing L1. USP has received data indicating that a Waters µBondapak column is suitable.
The typical retention time for amiodarone is about 3.6 min.
(CMP: R. Schnatz.)
Correspondence Number—C86206

Comment deadline: March 31, 2011
Add the following:
Amiodarone Hydrochloride Oral Suspension
DEFINITION
Amiodarone Hydrochloride Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of amiodarone hydrochloride (C25 H29 I2 NO3 .HCl).
Prepare Amiodarone Hydrochloride Oral Suspension 5 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Amiodarone Hydrochloride

795 ):

500
mg
Vehicle: A mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF , (1:1),* a sufficient quantity to make
mL
* Vehicle adjusted to pH 6.3 ± 0.5 with sodium bicarbonate 8.4%.

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
amiodarone tablets, place the required number in a suitable mortar, and comminute to a fine
powder with a pestle or use Amiodarone Hydrochloride powder. Mix the two Vehicles and add
sodium bicarbonate 8.4% aqueous solution to adjust the pH to 6.3 ± 0.5. Add the Vehicle in
small portions and triturate to make a smooth paste. Add increasing volumes of the Vehicle to
make an amiodarone hydrochloride liquid that is pourable. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add enough of the liquid Vehicle to bring to
final volume and mix well.
ASSAY
• Procedure
Mobile phase: Methanol, water, and 50 mM monobasic ammonium phosphate (0.5:0.5:99)
Standard stock solutions: 5.0, 2.5, 1.0, 0.5, and 0.10 mg/mL of USP Amiodarone
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Hydrochloride RS
Standard solutions: Transfer 100 µL of each of the Standard stock solutions mixed with
100 µL of Mobile phase.
Sample solution: Shake the Oral Suspension thoroughly by hand. Withdraw 100 µL of Oral
Suspension and mix with 100 µL of Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Column temperature: Ambient
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solutions
[NOTE—The retention time for the amiodarone peak is about 3.6 min.]
Suitability requirements
Correlation coefficient: NLT 0.999
Coefficient of variation: NMT 2.1% intraday and NMT 3.4 interday
Analysis
Samples: Standard solutions and Sample solution
Calculate the percentage of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 .HCl) in the portion of Oral Suspension taken:
Result = (Ca/Ct) × 100
C=a concentration of amiodarone hydrochloride in the Sample solution determined from the
linear regression analysis (mg/mL)
C=t theoretical concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 6.3 ± 0.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or controlled cold temperature.
• Labeling: Label it to state that it is to be well-shaken before use and to state the BeyondUse Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature and NMT 30 days when stored at controlled room
temperature
• USP Reference Standards 11
USP Amiodarone Hydrochloride RS
USP35

BRIEFING
Amlodipine Oral Suspension. Because there is no existing USP monograph for this dosage
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form, the following new monograph is proposed. The Assay was validated using the Zorbax
CN brand of 3.0-mm × 15.0-cm column containing 5-µm packing L10. The typical retention
time for amlodipine besylate is about 6.6 min.
(CMP: R. Schnatz.)
Correspondence Number—C74790

Comment deadline: March 31, 2011
Add the following:
Amlodipine Oral Suspension
DEFINITION
Amlodipine Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
amlodipine (C20 H25 ClN2 O5 ).
Prepare Amlodipine Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations

795 ):

100 mg
Amlodipine (as besylate)
(139 mg)
Vehicle: A mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension,
NF, (1:1), a sufficient quantity to make
100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar and comminute to a fine powder, or use
Amlodipine powder. Add the Vehicle in small portions and triturate to make a smooth paste. Add
increasing volumes of the Vehicle to make an amlodipine liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of 40 mM ammonium acetate, methanol, and acetonitrile
(35:15:50). Filter through a nylon 66 filter of 0.45-µm pore size, and degas with helium.
Internal standard solution: 20 µg/mL of desipramine hydrochloride in Mobile phase
Standard stock solution: 1.0 mg/mL of USP Amlodipine Besylate RS in methanol
Standard solution: Mix 100 µL of Standard stock solution with 5.0 mL of Internal standard
solution, and centrifuge to obtain a solution with a nominal concentration of about 20
µg/mL of amlodipine besylate and 100 µg/mL of desipramine hydrochloride.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Mix 100 µL of
Oral Suspension with 5.0 mL of Internal standard solution, and centrifuge to obtain a
solution with a nominal concentration of about 20 µg/mL of amlodipine besylate and 100
µg/mL of desipramine hydrochloride.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.0-mm × 15-cm; 5-µm packing L10
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Column temperature: Ambient
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for amlodipine besylate and desipramine
hydrochloride are about 6.6 and 8.8 min, respectively. ]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) in the
portion of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
internal standard ratio (peak response of amlodipine besylate/peak response of
R=
U desipramine hydrochloride) from the Sample solution
internal standard ratio (peak response of amlodipine besylate/peak response of
R=
S desipramine hydrochloride) from the Standard solution
C=
S concentration of amlodipine besylate in the Standard solution (µg/mL)
CU= nominal concentration of amlodipine besylate in the Sample solution (µg/mL)
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.05
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or controlled cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature; NMT 60 days when stored at controlled room temperature
• USP Reference Standards 11
USP Amlodipine Besylate RS
USP35

BRIEFING
Beta Carotene Capsules, USP 32 page 1654. The following revisions are proposed as part of
the monograph modernization effort.
1.
Replace the UV-Vis spectrometric procedure in the Assay with a test for Content of
Total Beta Carotene, which uses HPLC.
2.
Replace the single Identification test with two new tests, A and B.
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3.
Add a test for Alpha Carotene and Other Related Compounds.
The proposed liquid chromatographic procedures for Identification test B and the tests for
Content of Total Beta Carotene and Alpha Carotene and Other Related Compounds are
based on analyses performed with the Supelco Suplex pKb-100 brand of L68 column. The
typical retention times for alpha carotene, beta carotene, 9-cis-beta carotene, and 13-cisbeta carotene are 24.4, 26.2, 28.1, 30.4 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C95285

Comment deadline: March 31, 2011
Beta Carotene Capsules
DEFINITION
Change to read:
Beta Carotene Capsules contain NLT 90.0% and NMT 125.0% of the labeled amount of C40 H56 .
Beta Carotene Capsules contain NLT 90% and NMT 125.0% of the labeled amount of total
beta carotene (C40 H56 ), of which NLT 95.0% is the all-trans-beta carotene isomer.
USP35

IDENTIFICATION
Delete the following:
• Procedure
Analysis: Grind a portion of the Capsule contents equivalent to 10 mg of beta carotene.
Transfer to a centrifuge tube, and add 5 mL of chloroform. Shake for 1 min, and centrifuge
for 3 min. Filter the supernatant layer, collecting 2 mL of the filtrate in a 25-mL conical
flask. Add 5 mL of antimony trichloride TS to the filtrate.
Acceptance criteria: A transient purple or blue color forms. USP35
Add the following:
• A.
Sample solution: Dilute the Sample stock solution of the test for Content of Total Beta
Carotene with cyclohexane to a final concentration of between 1 and 5 µg/mL of beta
carotene. Pass through a membrane filter of 0.45-µm pore size.
Analysis: Record the UV-Vis spectrum from 300 to 600 nm.
Acceptance criteria: The Sample solution shows a shoulder at about 427 nm, an
absorption maximum at about 455 nm, and another maximum at about 483 nm. The
absorbance ratio A455 /A483 is between 1.14 and 1.18. USP35
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Content of Total Beta Carotene. USP35
ASSAY
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Delete the following:
• Procedure
[NOTE—Perform this analysis in subdued light, using low-actinic glassware.]
Cyclohexane: Spectrophotometric grade, or material that has been purified by being
passed through a column of activated silica gel and distilled.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane.
[NOTE—Prepare this solution fresh daily.]
Standard solution 1: 17 mg of beta carotene, previously subjected to the Assay and
previously dried in a vacuum over phosphorus pentoxide at 40 for 4 h. Transfer to a
1000-mL volumetric flask. Add 10 mL of water, heat at 60 for 15 min, and cool to room
temperature. Add 3 g of sodium sulfate decahydrate and 2 mL of 1 N hydrochloric acid,
and shake by mechanical means for 10 min. Add 200 mL of chloroform, and shake for 10
min. Add 750 mL of chloroform, shake, and dilute with chloroform to volume, disregarding
the aqueous layer.
Standard solution 2: Shake Standard solution 1 vigorously, and allow the layers to
separate completely. Transfer 20 mL of the chloroform layer to a centrifuge tube, add 2 g
of anhydrous sodium sulfate, shake vigorously, and allow to settle. Transfer 5.0 mL to a
50 mL volumetric flask, and add 30 mL of cyclohexane. Add 0.05 mL of Iodine solution,
dilute with cyclohexane to volume, and allow to stand for 3 h. Transfer 20 mL of Standard
solution 2 to a centrifuge tube, and centrifuge for 2 min.
Sample solution 1: Combine the contents of NLT 20 Capsules, and grind, using a freezer
mill, to a fine powder of uniform color. Transfer a quantity of the finely ground Capsule
contents, equivalent to 75 mg of beta carotene, to a 1000-mL volumetric flask. Add 500
mL of water, and heat at 60 for 15 min. Cool to ambient temperature, and dilute with
water to volume.
Sample solution 2: Transfer 5.0 mL of Sample solution 1 to a glass-stoppered, 50-mL
centrifuge tube. Add 3 g of sodium sulfate decahydrate, 2 mL of 1 N hydrochloric acid,
and 20.0 mL of chloroform. Shake by mechanical means for 10 min, centrifuge for 5 min,
and remove the aqueous layer without disturbing the chloroform layer. Add 2 g of
anhydrous sodium sulfate to the chloroform layer, shake vigorously, and allow to settle.
Sample solution 3: Transfer 5.0 mL of Sample solution 2 to a 50-mL volumetric flask, and
add 30 mL of cyclohexane. Add 0.05 mL of Iodine solution, dilute with cyclohexane to
volume, and allow to stand for 3 h. Transfer 20 mL of this solution to a centrifuge tube,
and centrifuge for 2 min.
Spectrometric conditions
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Samples: Standard solution 2, Sample solution 3, and Blank
Measure the absorbances using the Blank.
Calculate the percentage of C40 H56 in the portion of Capsule contents taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of Sample solution 3
AS= absorbance of Standard solution 2
C=
S concentration of beta carotene in the Standard solution (µg/mL)
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C=
U nominal concentration of beta carotene in Sample solution 3 (µg/mL)
Acceptance criteria: 90.0%–125.0%
USP35

Add the following:
• Content of Total Beta Carotene
[NOTE—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach to room temperature, and dilute with methanol to volume.
Diluent: 50 mg/L of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta Carotene for System Suitability
RS to a 50-mL volumetric flask. Add 1 mL of water and 4 mL of tetrahydrofuran, and
sonicate for 5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room
temperature, pass through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran. [Note
—The USP Beta Carotene RS is subjected to the spectrophotometric purity test at time of
analysis; see the determination of the concentration of Standard solution A, below. ]
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A according to the Analysis of Standard
solution B. [Note—The concentration of Standard solution B equals the concentration of
Standard solution A. ]
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 457 nm
Cell: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B

851 .)

Calculate the concentration of total beta carotene (µg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B.
Result = (AU/a) × F
A=
U average absorbance of the three preparations of Standard solution B
-1
-1
a= absorptivity of pure all-trans-beta carotene in cyclohexane at 457 nm (mL·mg ·cm ),
250
F= conversion factor from mg to µg (µg/mg), 1000
Sample stock solution: Randomly select a number of Capsules equivalent to 10–50 mg of
beta carotene, with a total weight not exceeding 5 g. For powder-containing Capsules,
empty the shell, and transfer shell and contents into a 250-mL volumetric flask. For
Capsules containing liquid formulations, place the Capsules directly into a 250-mL
volumetric flask. Add 250 mg of butylated hydroxytoluene, 0.5 mL of alkaline protease R,
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and 15 mL of water. Swirl the flask gently to wet the entire contents. Sonicate the flask
at 50 for 30 min, and swirl the flask every 10 min. Add 100 mL of alcohol to the warm
suspension, and shake vigorously. Add 110 mL of methylene chloride, and shake vigorously
again. Disperse any clumps with homogenizer, and rinse the homogenizer probe with 15 mL
of methylene chloride into the flask. Allow the solution to stand in the dark until it reaches
room temperature (about 2 h), dilute with methylene chloride to volume, shake vigorously,
and allow solids to settle.
Sample solution: Dilute a volume of the Sample stock solution with a Diluent–methylene
chloride mixture (1:1) so that the final concentration of beta carotene is between 1 and 5
µg/mL. Pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
[NOTE—The approximate relative retention times of the components in the System
suitability solution are listed in Table 1.]
Table 1
Relative
Relative
Retention
Response
Name
Time
Factor
All-trans-alpha carotene
0.93
1.1
All-trans-beta carotene
1.00
1
9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the Reference Chromatogram provided with the USP Beta Carotene System
Suitability RS being used.
Resolution: NLT 1.5 between all-trans-beta carotene and all-trans-alpha carotene and
between all-trans-beta carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the all-trans-beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the all-trans-beta carotene peak from
replicate injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Identify the peaks of the relevant analytes of the Sample solution by comparing with
those of the System suitability solution. Measure the peak area responses. Calculate the
percentage of the labeled amount of total beta carotene in the Capsules taken:

PF 37(1): Jan.-Feb. 2011

22

Result = (SrU/rS) × (CS/CU) × 100
= [(peak area of all-trans-beta carotene) + (peak area of 9-cis-beta carotene) + (peak
SrU area of 13-cis-beta carotene × 1.2) + (peak area of 15-cis-beta carotene × 1.4) from
the Sample solution
rS= peak area of all-trans-beta carotene from Standard solution A
CS= concentration of all-trans-beta carotene in Standard solution A as determined above
(µg/mL)
CU= nominal concentration of total beta carotene in the Sample solution (µg/mL)
Calculate the percentage of all-trans-beta carotene in the portion of Capsules taken:
Result = (rall-trans /SrU) × 100
rall- = peak area of all-trans-beta carotene from the Sample solution
trans
= [(peak area of all-trans-beta carotene) + (peak area of 9-cis-beta carotene) +
(peak area of 13-cis-beta carotene × 1.2) + (peak area of 15-cis-beta carotene ×
1.4) from the Sample solution
Acceptance criteria: 90%–125.0% of the labeled amount of total beta carotene (C40 H56 ),
of which NLT 95.0% is the all-trans-beta carotene isomer USP35
SrU

SPECIFIC TESTS
Add the following:
• Alpha Carotene and Other Related Compounds
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the test for Content of Total Beta Carotene.
Analysis
Sample: Sample solution
Injection size: 20 µL
Calculate the percentage of alpha carotene and other individual related compounds
relative to total beta carotene in the portion of Capsules taken:
Result = (rU/rT) × 100
r=
U peak area of alpha carotene or other individual related compounds
r=
T sum of the areas of all the peaks
Acceptance criteria
Alpha carotene: NMT 1.0%
Total related compounds (including alpha carotene): NMT 5.0%
USP35

PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Add the following:
• Labeling: The label states the name and content of any carriers and antioxidants added to
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the formulation and the content of total carotenoids as beta carotene.

USP35

Add the following:
• USP Reference Standards 11
USP Beta Carotene RS
(all-E)-1,1¢-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-octadecanonaene-1,18diyl)bis[2,6,6-trimethylcyclohexene].
C40 H56
536.87
USP Beta Carotene for System Suitability RS
USP35

USP34–NF29 Page 2018
BRIEFING
Chloroquine Phosphate Oral Suspension. Because there is no existing USP monograph for
this dosage form, a new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a Bakerbond 4.6-mm × 25-cm column that
contains 5-µm packing L1. The typical retention time for chloroquine phosphate is about 9.4
min.
(CMP: R. Schnatz.)
Correspondence Number—C74793

Comment deadline: March 31, 2011
Add the following:
Chloroquine Phosphate Oral Suspension
DEFINITION
Chloroquine Phosphate Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of chloroquine phosphate (C18 H26 ClN3 ·2H3 PO4 ).
Prepare Chloroquine Phosphate Oral Suspension (15 mg/mL) as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Chloroquine Phosphate

795 ):

1.5
g
Vehicle: A mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder or use
Chloroquine Phosphate powder. Add the Vehicle in small portions and triturate to make a
smooth paste. Add increasing volumes of the Vehicle to make a chloroquine phosphate liquid
that is pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a
calibrated bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Buffer solution: Prepare a solution of 20 mM 1-heptanesulfonic acid. Adjust with
phosphoric acid or sodium hydroxide as needed to a pH of 3.4.
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Mobile phase: Prepare a solution of acetonitrile and Buffer solution (34:66). Filter and
degas.
Standard solution: 150 µg/mL of USP Chloroquine Phosphate RS in Mobile phase
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for chloroquine phosphate is about 9.4 min.]
Suitability requirements
Relative standard deviation: NMT 0.8% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of chloroquine phosphate
(C18 H26 ClN3 ·2H3 PO4 ) in the portion of Oral Suspension taken:
Result = (rU/rS) × CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of chloroquine phosphate in the Standard solution (µg/mL)
C=
U nominal concentration of chloroquine phosphate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or controlled cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards 11
USP Chloroquine Phosphate RS
USP35
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BRIEFING
Codeine Phosphate Oral Solution. Because there is no existing USP monograph for this
dosage form, the following new monograph is proposed. The liquid chromatographic
procedure in the Assay is based on analyses performed with a 4.6-mm × 10-cm column
containing 5-µm packing L1. USP has received data indicating that the Inertsil ODS-3 column
is suitable. The typical retention time for codeine phosphate is about 1.9 min.
(CMP: R. Schnatz.)
Correspondence Number—C74794

Comment deadline: March 31, 2011
Add the following:
Codeine Phosphate Oral Solution
DEFINITION
Codeine Phosphate Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
codeine phosphate (C18 H21 NO3 ·H3 PO4 ·½H2 O).
Prepare Codeine Phosphate Oral Solution 3 mg/mL as follows (see Pharmaceutical Compounding
—Nonsterile Preparations 795 ):
Codeine Phosphate
300 mg
Water
1.3 mL
Vehicle: Vehicle for Oral Solution, NF, a sufficient quantity to make 100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
Codeine Phosphate powder in a suitable calibrated container. Add Water and mix to dissolve.
Add the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Buffer: Prepare a 25 mM monobasic potassium phosphate solution in water, and adjust with
phosphoric acid to a pH of 2.5.
Mobile phase: Prepare a solution of methanol and Buffer (30:70). Filter and degas.
Internal standard solution: 0.5 mg/mL of theophylline in water
Standard stock solution: 1.0 mg/mL of USP Codeine Phosphate RS in water
Standard solution: Pipet 0.5 mL of the Standard stock solution into a 100-mL volumetric
flask, add 0.6 mL of the Internal standard solution, dilute with water to volume, and pass
through a membrane filter of 0.2-µm pore size to a obtain a solution with nominal
concentrations of 5 µg/mL of codeine phosphate and 3 µg/mL of theophylline.
Sample solution: Determine the density of the Oral Solution gravimetrically using a 10-mL
amber oral syringe. [Note—The exact volume of Oral Solution taken from each bottle is
calculated from the suspension density. ] Transfer about 2 mL of Oral Solution from each
bottle to a 50-mL volumetric flask, and dilute with water to volume. Transfer 4.17 mL of
the diluted sample to a 100-mL volumetric flask, add 0.6 mL of Internal standard solution,
dilute with water to volume, and filter to obtain a nominal concentration of 5 µg/mL of
codeine phosphate and 3 µg/mL of theophylline.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 5 µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention times for codeine phosphate and theophylline are about 1.9 and 3.8
min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of codeine phosphate
(C18 H21 NO3 ·H3 PO4 ·½H2 O) in the portion of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of codeine phosphate to theophylline from the Sample solution
RS= peak response ratio of codeine phosphate to theophylline from the Standard solution
C=
S concentration of codeine phosphate in the Standard solution (µg/mL)
C=
U nominal concentration of codeine phosphate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.7–4.7

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Labeling: Label it to indicate the Beyond-Use Date, and that it is to be well-shaken before
use.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled room temperature
• USP Reference Standards 11
USP Codeine Phosphate RS
USP35

BRIEFING
Dapsone Oral Suspension. Because there is no existing USP monograph for this dosage form,
the following new monograph is proposed. The liquid chromatographic procedure in the Assay
is based on analyses performed with a 3.0-mm × 15-cm column that contains 5-µm packing
L1. USP has received data indicating that a Zorbax SB-C18 column is suitable. The typical
retention time for dapsone is about 8.9 min.
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(CMP: R. Schnatz.)
Correspondence Number—C74795

Comment deadline: March 31, 2011
Add the following:
Dapsone Oral Suspension
DEFINITION
Dapsone Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
dapsone (C12 H12 N2 O2 S).
Prepare Dapsone Oral Suspension 2 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations
Dapsone

795 ):

Vehicle: A mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF
(1:1), a sufficient quantity to make

200
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder or use
Dapsone powder. Add the Vehicle in small portions and triturate to make a smooth paste. Add
increasing volumes of the Vehicle to make a dapsone liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of acetonitrile and 50 mM ammonium phosphate adjusted
to a pH of 4.6 (12:88). Filter and degas.
Internal standard: 1.0 mg/mL of diazoxide in methanol
Standard stock solution: 2.0 mg/mL of USP Dapsone RS in methanol
Standard solution: Pipet 250 µL of Standard stock solution into a 10-mL volumetric flask,
add 0.5 mL of Internal standard, and dilute with Mobile phase to volume to obtain a
solution with a nominal concentration of 50 µg/mL of dapsone and 50 µg/mL of diazoxide,
and centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.25 mL
of Oral Suspension to a 100-mL volumetric flask, add 5.0 mL of Internal standard, dilute
with methanol to volume, centrifuge to obtain a solution with a nominal concentration of
50 µg/mL of dapsone and 50 µg/mL of diazoxide, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.7 mL/min
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Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for dapsone and diazoxide are about 8.9 and 12.9
min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dapsone (C12 H12 N2 O2 S) in the portion
of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
internal standard ratio (peak response of dapsone/peak response of diazoxide) from the
R=
U Sample solution
internal standard ratio (peak response of dapsone/peak response of diazoxide) from the
R=
S Standard solution
C=
S concentration of dapsone in the Standard solution (µg/mL)
C=
U nominal concentration of dapsone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Dapsone RS

11

USP35

BRIEFING
Docetaxel Injection. Because there is no existing USP monograph for this drug substance, a
new monograph based on the validated methods of analysis is proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on
analyses performed with the Waters SunFire C18, 3.5-µm brand of L1 column. The typical
retention time reported for docetaxel is about 27 min.
(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C85473

Comment deadline: March 31, 2011
Add the following:
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Docetaxel Injection
DEFINITION
Docetaxel Injection is a sterile solution of Docetaxel. It contains NLT 90.0% and NMT 105.0%
of the labeled amount of docetaxel (anhydrous) (C43 H53 NO14 ). It contains suitable amounts of
polysorbate 80 in order to solubilize the docetaxel in the infusion vehicle. It may also contain
dehydrated alcohol.
IDENTIFICATION
• A. Thin-Layer Chromotographic Identification Test 201
Standard solution: 0.4 mg/mL of USP Docetaxel RS in methylene chloride containing 1%
(v/v) of polysorbate 80
Sample solution: 0.4 mg/mL of docetaxel (anhydrous) in methylene chloride, from
Injection
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture containing a fluorescent
indicator
Developing solvent system: Methylene chloride and methanol (23:2)
TLC tank: Lined with filter paper
Analysis: After removing the plate from the tank, allow to dry in a fume hood, and view
under 254 nm of UV light.
• B. The retention time of the major peak in the chromatogram of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
72
28
9.0
72
28
39.0
28
72
39.1
0
100
49.0
0
100
49.1
72
28
60
72
28
Diluent: Acetonitrile, water, and acetic acid (100:100:0.1)
System suitability solution: 1 mg/mL of USP Docetaxel Identification RS in Diluent
Standard solution: 0.2 mg/mL of USP Docetaxel RS. Transfer USP Docetaxel RS into a
suitable volumetric flask, and add 1 mL of polysorbate 80 for every 40 mg of USP
Docetaxel RS. Dissolve in alcohol equivalent to 5% of the final volume. Dilute with Diluent
to volume.
Sample solution (for the Injection labeled as one-vial formulation): Dilute a portion of the

29
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Injection with Diluent to obtain a solution containing 0.2 mg/mL of docetaxel (anhydrous).
Sample solution (for the Injection labeled as two-vial formulation): Transfer the content
of the vial containing the Injection concentrate to a suitable volumetric flask, dissolve in
the amount of alcohol equivalent to 5% of the final volume, and dilute to volume with
Diluent to obtain a solution having a concentration of 0.2 mg/mL of docetaxel
(anhydrous).
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 232 nm

621 , System Suitability.)

Refrigerated autosampler temperature: 10
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 45
Flow rate: 1.2 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements:
Resolution: NLT 3.5 between 2-debenzoxyl 2-pentenoyl docetaxel and docetaxel,
System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of docetaxel (C43 H53 NO14 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Docetaxel RS in the Standard solution (mg/mL)
C=
U nominal concentration of docetaxel (anhydrous) in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–105.0%
IMPURITIES
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 1.0 µg/mL of USP Docetaxel RS in Diluent, from Standard solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements:
Resolution: NLT 3.5 between 2-debenzoxyl 2-pentenoyl docetaxel and docetaxel,
System suitability solution
Signal-to-noise ratio: NLT 10 for the docetaxel peak, Sensitivity solution
Relative standard deviation: NMT 1.0%, Standard solution
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Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (1/F) × 100
r=
i peak area of each individual impurity from the Sample solution
r=
s peak area of docetaxel from the Standard solution
F= relative response factor for each individual impurity (see Table 2)
Acceptance criteria
Individual impurities: See Table 2. [Note—Disregard any impurity peak less than 0.10%
and any peak with relative retention time less than 0.2 or greater than 1.3. ]

Name
10-Deacetyl baccatina
2-Debenzoxyl 2-pentenoyl docetaxelb
Docetaxel
Crotonaldehyde
analogc
6-Oxodocetaxeld
4-Epidocetaxele
4-Epi-6-oxodocetaxelf
Any unspecified
impurity
Total impurities

Table 2
Relative
Retention
Time
0.27
0.97
1.00
1.05

Relative
Response
Factor
1.5
—
—
1.0

Acceptance
Criteria,
NMT (%)
0.30
—
—
1.3

1.08
1.13
1.18
—

1.0
1.0
1.0
1.0

1.5
0.5
0.5
0.20

—

—

3.5
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a (2aR,4S,4aS,6R,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12bDodecahydro-4,6,9,11,12,12b-hexahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5-one 12b-acetate, 12-benzoate.
b (2aR,4S,4aS,6R,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12bDodecahydro-4,6,9,11,12,12b-hexahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5-one 12b-acetate, 12-[(E)-2-methylbut-2-enoate],
9-ester with (2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine. It is a process impurity
and is controlled in the API monograph.
c (1S,2S,3R,9S,E)-3-[(S,E)-2-Acetoxy-1-hydroxy-5-oxopent-3-en-2-yl]-1,5,9trihydroxy-4,8,11,11-tetramethyl-6-oxobicyclo[5.3.1]undeca-4,7-dien-2-yl benzoate,
9-ester with (2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.
d (2aR,4S,4aS,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12b-Dodecahydro4, 9,11,12,12b-pentahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5,6-dione 12b-acetate, 12-benzoate, 9-ester with
(2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.
e (2aR,4R,4aS,6R,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12bDodecahydro-4,6,9,11,12,12b-hexahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5-one 12b-acetate, 12-benzoate, 9-ester with
(2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.
f (2aR,4R,4aS,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12b-Dodecahydro-4,
9,11,12,12b-pentahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5,6-dione 12b-acetate, 12-benzoate, 9-ester with
(2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.

SPECIFIC TESTS
• Bacterial Endotoxins Test
(anhydrous).

85 : It contains NMT 1.75 USP Endotoxin Units/mg of docetaxel

• Sterility Tests 71 : It meets the requirements when tested as directed in the Test for
Sterility of the Product to be Examined, Membrane Filtration.
• pH

791 (for the Injection labeled as one-vial formulation): 3.0–4.5 in a solution (1 to 10)

at 20
• pH

791 (for the Injection labeled as two-vial formulation): 3.0–4.5 in a solution (1 to 5)

at 20 . [Note—Use the content of the vial containing the Injection concentrate. ]
• Particulate Matter

788 : Meets the requirements for small-volume injections

• Other Requirements: Meets the requirements under Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a single-dose containers, preferably of Type I glass.
Store at controlled room temperature.
• Labeling: Label it to indicate whether it is a one-vial formulation or two-vial formulation
(Injection concentrate and diluent), and also label it to indicate that it is to be diluted with
a suitable parenteral vehicle prior to intravenous infusion.
• USP Reference Standards

11
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USP Docetaxel RS
USP Docetaxel Identification RS
[NOTE—USP Docetaxel Identification RS contains docetaxel and small amounts of 2debenzoxyl 2-pentenoyl docetaxel, 6-oxodocetaxel, 4-epidocetaxel, and 4-epi-6oxodocetaxel.]
USP Endotoxin RS
USP35

BRIEFING
Enalapril Maleate Oral Suspension. Because there is no existing USP monograph for this
dosage form, the following new monograph is proposed. The Assay was validated using a
Bakerbond 4.6-mm × 25-cm column that contains 5-µm packing L7. The typical retention
time for enalapril maleate is about 8.8 min.
(CMP: R. Schnatz.)
Correspondence Number—C86207

Comment deadline: March 31, 2011
Add the following:
Enalapril Maleate Oral Suspension
DEFINITION
Enalapril Maleate Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled content
of enalapril maleate (C20 H28 N2 O5 ·C4 H4 O4 ).
Prepare Enalapril Maleate Oral Suspension 1 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Enalapril Maleate

795 ):

100
mg
Vehicle: A mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder or use
Enalapril Maleate powder. Add the Vehicle in small portions and triturate to make a smooth
paste. Add increasing volumes of the Vehicle to make an enalapril maleate liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Buffer solution: Dissolve 136 g of monobasic potassium phosphate in 800 mL of water.
Adjust with phosphoric acid to a pH of 4.0, dilute with water to 1000 mL, and mix.
Mobile phase: Prepare a solution of acetonitrile, Buffer solution, and water (30:2:68).
Filter and degas.
Standard solution: Dissolve an accurately weighed quantity of USP Enalapril Maleate RS in
Mobile phase, and quantitatively dilute with Mobile phase to obtain a solution with a
known concentration of about 100 µg/mL enalapril maleate.
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Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 10-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for enalapril maleate is about 8.8 min.]
Suitability requirements
Relative standard deviation: NMT 2.1% for the replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of enalapril maleate (C20 H28 N2 O5 ·C4 H4 O4 )
in the portion of Oral Suspension taken:
Result = (rU/rS) × CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of enalapril maleate in the Standard solution (µg/mL)
C=
U nominal concentration of enalapril maleate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.2–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards 11
USP Enalapril Maleate RS
USP35

BRIEFING
Enoxaparin Sodium, USP 33–NF 28 Reissue page R-478. On the basis of comments received,
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the following changes are proposed:
1.
Reference the now official general chapter Test for 1,6-Anhydro Derivative for
Enoxaparin Sodium 207 under the 1,6-anhydro content requirement in the
Definition.
2.
The 13C NMR Spectrum test under Identification is deleted because it contributes little
to the identification of Enoxaparin Sodium.
3.
Analytical column information for the Molecular Weight Distribution and Weight-Average
Molecular Weight method has been corrected. The method was validated using a
guard column TSK SWXL 6- × 40-mm column in series with two analytical columns:
TSK G3000 SWXL 7.8- × 300-mm, 5-µm diameter column in series with TSK G2000
SWXL 7.8- × 300-mm, 5-µm diameter column.
4.
The flame test for sodium content in the Identification section has been replaced with
the atomic absorption method from Spectrophotometry and Light-Scattering 851 .
5.
The percentage of the sample solution for the Heavy Metals test has been changed
from 5% to 2.7% which yields the correct concentration of 30 ppm.
6.
The significant figures in the pH section have been changed because there is no need
for the level of precision that is currently required.
7.
A statement “The addition of divalent cations may be necessary to fulfill the validation
criteria” has been added to the Bacterial Endotoxins section to match the European
Pharmacopoeia monograph.
(BIO1: A. Szajek.)
Correspondence Number—C89491

Comment deadline: March 31, 2011
Add the following:
Enoxaparin Sodium

[9041-08-1].
DEFINITION
Change to read:
Enoxaparin Sodium is the sodium salt of a depolymerized heparin. It is obtained by alkaline
depolymerization of heparin benzyl ester. The starting material, heparin, is obtained exclusively
from porcine intestinal mucosa. Heparin source material used in the manufacture of Enoxaparin
Sodium complies with the compendial requirements stated in the Heparin Sodium monograph.
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Enoxaparin Sodium consists of a complex set of oligosaccharides that have not yet been
completely characterized. The majority of the components have a 4-enopyranose uronate
structure at the nonreducing end of their chain. About 20% of the materials contain a 1,6anhydro derivative on the reducing end of the chain, the range being between 15% and 25%
(see Test for 1,6-Anhydro Derivative for Enoxaparin Sodium

207

for test procedure).

USP35

The weight-average molecular weight of Enoxaparin Sodium is 4500 Da, the range being
between 3800 and 5000 Da; about 16% have a molecular weight of less than 2000 Da, the
range being between 12.0% and 20.0%; about 74% have a molecular weight between 2000 and
8000 Da, the range being between 68.0% and 82.0%. NMT 18.0% have a molecular weight
higher than 8000 Da. When prepared as a solution, the solution is analyzed for clarity and
degree of color using a validated method. The degree of sulfation is NLT 1.8 per disaccharide
unit. It has a potency of NLT 90 and NMT 125 Anti-Factor Xa International Units (IU)/mg, and
NLT 20.0 and NMT 35.0 Anti-Factor IIa IU/mg, calculated on the dried basis. The ratio of AntiFactor Xa activity to Anti-Factor IIa activity is between 3.3 and 5.3.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Sample solution: 500 µg/mL
Medium: 0.01 N hydrochloric acid. The spectra exhibit maxima at 231 ± 2 nm.
Delete the following:
• B. 13C NMR Spectrum
(See Nuclear Magnetic Resonance 761 .)
Standard solution: Dissolve 200 mg of USP Enoxaparin Sodium RS in a mixture of 0.2 mL of
deuterium oxide and 0.8 mL of water. Add 0.05 mL of deuterated methanol to serve as an
internal reference.
Sample solution: Dissolve 200 mg of Enoxaparin Sodium in a mixture of 0.2 mL of deuterium
oxide and 0.8 mL of water. Add 0.05 mL of deuterated methanol.
Analysis: Transfer the Standard solution and the Sample solution to NMR tubes of 5-mm
diameter. Using a pulsed (Fourier transform) NMR spectrometer operating at NLT 75 MHz
for 13C, record the 13C NMR spectra of the Standard solution and the Sample solution at
40 .
Acceptance criteria: The spectra are similar.

USP35

Change to read:
• C.
B. USP35
The ratio of the numerical value of the Anti-Factor Xa activity, in Anti-Factor Xa IU/mg, to
the numerical value of the Anti-Factor IIa activity, in Anti-Factor IIa IU/mg, as determined
by the Assay (Anti-Factor Xa Activity) and Anti-Factor IIa Activity, respectively, is NLT 3.3
and NMT 5.3.
Change to read:
• D.
C. USP35

PF 37(1): Jan.-Feb. 2011

37

Molecular Weight Distribution and Weight-Average Molecular Weight
Mobile phase: Prepare a 0.5 M lithium nitrate solution. Pass through a membrane filter of
0.45-µm or smaller pore size, and degas with helium.
Standard solution: 10 mg/mL of USP Enoxaparin Sodium RS in Mobile phase
Sample solution: 10 mg/mL of Enoxaparin Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: Size exclusion LC
Detector: Differential refractive index
Column
Guard: 6-mm × 40-mm; packing L59
Analytical: Two 7.8-mm × 300-mm columns in series; packing L59
One 7.8-mm × 300-mm column of packing L59s in series with a 7.8-mm × 300-mm
column of packing L591 USP35
Temperature: Room temperature
Flow rate: 0.6 mL/min maintained constant to ±1.0%
Analysis: Reconstitute 1 vial each of USP Enoxaparin Sodium Molecular Weight Calibrant A
RS and USP Enoxaparin Sodium Molecular Weight Calibrant B RS in 1 mL of Mobile phase.
Separately inject 20 µL of USP Enoxaparin Sodium Molecular Weight Calibrant A RS and
USP Enoxaparin Sodium Molecular Weight Calibrant B RS, record the chromatograms, and
measure the retention times. Inject in duplicate 20 µL each of the Standard solution and
the Sample solution, and record the chromatograms for a length of time to ensure
complete elution, including salt and solvent peaks. Calculate the total peak areas under
each of the Standard solution and Sample solution chromatograms, excluding salt and
solvent peaks at the end.
Calibration curve: Plot the retention times on the x-axis against the peak molecular
weights on the y-axis for the peaks in the chromatograms of USP Enoxaparin Sodium
Molecular Weight Calibrant A RS and USP Enoxaparin Sodium Molecular Weight Calibrant B
RS, and fit the data to a third-order polynomial using suitable gel permeation
chromatography (GPC) software.
Calculations: Compute the data, using the same GPC software, and determine the weightaverage molecular weight, Mw, for each of the duplicate chromatograms of the Standard
solution and the Sample solution, and take the average for each solution. Correct the
mean value of Mw to the nearest 50. The Chromatographic system is suitable if Mw of
USP Enoxaparin Sodium RS is within 150 Da of the labeled Mw value. The Mw for the
Sample solution is between 3800 and 5000 Da. Using the same software, determine for
each of the duplicate Sample solution chromatograms the percentage of Enoxaparin
Sodium chains with molecular weights lower than 2000 Da, M2000, the percentage of
Enoxaparin Sodium chains with molecular weights in the range 2000–8000 Da, M2000–8000,
and the percentage of Enoxaparin Sodium chains with molecular weights greater than
8000 Da, M8000. Average the duplicate values and express to the nearest 0.5%.
Acceptance criteria: M2000 is between 12.0% and 20.0%, M2000–8000 is between 68.0%
and 82.0%, and M8000 is NMT 18.0%.
Change to read:
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• E.
D. USP35
Identification Tests—General Sodium 191
USP35

Spectrophotometry and Light-Scattering

851 :

USP35

Meets the requirements for atomic absorption
ASSAY
• Anti-Factor Xa Activity
Acetic acid solution: Glacial acetic acid and water (42:58)
pH 7.4 polyethylene glycol 6000 buffer: Dissolve 6.08 g of
tris(hydroxymethyl)aminomethane and 8.77 g of sodium chloride in 500 mL of water. Add
1.0 g of polyethylene glycol 6000, adjust with hydrochloric acid to a pH of 7.4, and dilute
with water to 1000 mL.
pH 7.4 buffer: Dissolve 6.08 g of tris(hydroxymethyl)aminomethane and 8.77 g of sodium
chloride in 500 mL of water. Adjust with hydrochloric acid to a pH of 7.4, and dilute with
water to 1000 mL.
pH 8.4 buffer: Dissolve 3.03 g of tris(hydroxymethyl)aminomethane, 5.12 g of sodium
chloride, and 1.40 g of edetate sodium in 250 mL of water. Adjust with hydrochloric acid
to a pH of 8.4, and dilute with water to 500 mL.
Human antithrombin III solution: Reconstitute a vial of antithrombin III (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to obtain a solution containing
5 Antithrombin III Units/mL. Dilute this solution with pH 7.4 polyethylene glycol 6000
buffer to obtain a solution having a concentration of 1.0 Antithrombin III Unit/mL.
Factor Xa solution: Reconstitute a weighed quantity of bovine factor Xa (see Reagents,
Indicators, and Solutions—Reagent Specifications) in pH 7.4 polyethylene glycol 6000
buffer to obtain a solution that gives an increase in absorbance value at 405 nm of NMT
0.20 absorbance units/min when assayed as described below but using as an appropriate
volume, V, the volume in µL of pH 7.4 buffer instead of V µL of the enoxaparin solution.
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate
for amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications) for
factor Xa in water to obtain a concentration of about 3 mM. Dilute with pH 8.4 buffer to
obtain a solution having a concentration of 0.5 mM.
Standard solutions: Dilute USP Enoxaparin Sodium Solution for Bioassays RS with pH 7.4
buffer to obtain four dilutions in the concentration range between 0.025 and 0.2 AntiFactor Xa IU/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Enoxaparin Sodium similar to those obtained for the Standard solutions.
Analysis
Samples: Acetic acid solution, pH 7.4 buffer, Human antithrombin III solution, Factor Xa
solution, Chromogenic substrate solution, Standard solutions, and Sample solutions
Label 18 suitable tubes: B1 and B2 for blanks; T1, T2, T3, and T4 each in duplicate for
the dilutions of the Sample solutions; and S1, S2, S3, and S4 each in duplicate for the
dilutions of the Standard solutions. [Note—Treat the tubes in the order B1, S1, S2, S3,
S4, T1, T2, T3, T4, T1, T2, T3, T4, S1, S2, S3, S4, B2. ] To each tube add the same
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volume, V (20–50 µL), of Human antithrombin III solution and an equal volume, V, of
either the blank (pH 7.4 buffer) or an appropriate dilution of the Sample solutions or the
Standard solutions. Mix, but do not allow bubbles to form. Incubate at 37 for 1.0 min.
Add to each tube 2V (40–100 µL) of Factor Xa solution, and incubate for 1.0 min. Add
5V (100–250 µL) volume of Chromogenic substrate solution. Stop the reaction after 4.0
min with 5V (100–250 µL) volume of Acetic acid solution. Measure the absorbance of
each solution at 405 nm using a suitable spectrometer (see Spectrophotometry and
Light-Scattering 851 ) against blank B1. The reading of blank B2 relative to the blank
B1 is NMT ±0.05 absorbance unit.
Calculations: For each series, calculate the regression of the absorbance against log
concentrations of the Sample solutions and of the Standard solutions, and calculate the
potency of the Enoxaparin Sodium in IU of Anti-Factor Xa activity/mL using statistical
methods for parallel-line assays. The four independent log relative potency estimates
are then combined to obtain the final geometric mean. Its confidence limits are
calculated. Express the Anti-Factor Xa activity of Enoxaparin Sodium/mg.
Acceptance criteria: The potency is NLT 90 and NMT 125 Anti-Factor Xa IU/mg on the
dried basis.
OTHER COMPONENTS
• Benzyl Alcohol Content
Mobile phase: Acetonitrile, methanol, and water (3:1:16)
Standard solution: 0.1 mg/mL of USP Benzyl Alcohol RS in water
Sample solution: Weigh 0.5 g of Enoxaparin Sodium into a 10-mL volumetric flask, and
dissolve in 5.0 mL of 1 N sodium hydroxide. Allow to stand at room temperature for about
1 h. Add 1.0 mL of glacial acetic acid, dilute with water to volume, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 256 nm
Column: 4.6-mm × 15-cm stainless steel; packing L7
Flow rate: 1.0 mL/min, maintained constant to ±10%
Injection size: 20 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzyl alcohol in the portion of Enoxaparin Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of benzyl alcohol from the Sample solution
rS= peak area of benzyl alcohol from the Standard solution
C=
S concentration of benzyl alcohol in the Standard solution (mg/mL)
C=
U concentration of Enoxaparin Sodium in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1%
• Nitrogen Determination, Method II
• Sodium Content

461 : 1.8%–2.5%, on the dried basis

(See Spectrophotometry and Light-Scattering

851 .)
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Cesium chloride solution: 1.27 mg/mL of cesium chloride in 0.1 N hydrochloric acid
Standard solution A: 0.0025% of sodium chloride in Cesium chloride solution
Standard solution B: 0.0050% of sodium chloride in Cesium chloride solution
Standard solution C: 0.0075% of sodium chloride in Cesium chloride solution
Sample solution: Transfer 50.0 mg of Enoxaparin Sodium to a 100-mL volumetric flask, and
dissolve in and dilute with Cesium chloride solution to volume.
Analysis
Samples: Cesium chloride solution, Standard solution A, Standard solution B, Standard
solution C, and Sample solution
Concomitantly determine the absorbances of the Cesium chloride solution (blank),
Sample solution, and Standard solutions at 330.3 nm using a sodium hollow-cathode
lamp and an air–acetylene flame. Using the absorbances of Standard solutions A–C,
determine the sodium content in the Sample solution after appropriate blank correction.
Acceptance criteria: 11.3%–13.5% on the dried basis
IMPURITIES
Change to read:
• Heavy Metals, Method I
2.7% USP35

231 : NMT 30 ppm using a 5%

solution in water
SPECIFIC TESTS
Change to read:
• pH 791 : 6.2–7.7 for a 10.0%
10% USP35
solution in water
• Loss on Drying 731 : Dry 1 g in a vacuum at 70 for 6 h: it loses NMT 10.0% of its weight.
• Specific Absorbance
(See Spectrophotometry and Light-Scattering 851 .)
Sample solution: 0.5 mg/mL of Enoxaparin Sodium in 0.01 N hydrochloric acid
Analysis: Obtain the UV spectra of the Standard solution and the Sample solution between
200 and 300 nm against 0.01 N hydrochloric acid blank. Calculate the specific absorbance
at the wavelength of maximum absorbance at 231 ± 2 nm, with reference to the dried
substance:
Result = A × 100 × 1000/[M × l × (100
A= absorbance at the wavelength of maximum absorbance
M= weight of Enoxaparin Sodium in the Sample solution (mg)
l= pathlength (typically l = 1 cm)
E= loss on drying (%)
Acceptance criteria: 14.0–20.0 on the dried basis
Change to read:

E)]

PF 37(1): Jan.-Feb. 2011

41

• Bacterial Endotoxins Test 85 : It contains NMT 0.01 USP Endotoxin Unit/IU of Anti-Factor
Xa activity.
The addition of divalent cations may be necessary to fulfill the validation criteria. USP35
• Anti-Factor IIa Activity
Acetic acid solution, pH 7.4 polyethylene glycol 6000 buffer, pH 7.4 buffer, pH 8.4
buffer, and Human antithrombin III solution: Proceed as directed in the Assay for AntiFactor Xa Activity, except that the concentration of the Human antithrombin III solution
is 0.5 Antithrombin III Unit/mL.
Thrombin human solution: Reconstitute thrombin human (see Reagents, Indicators and
Solutions—Reagent Specifications) in water, and dilute in pH 7.4 polyethylene glycol 6000
buffer to obtain a solution having a concentration of 5 Thrombin Units/mL.
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate
for an amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications)
for thrombin in water to obtain a concentration of about 3 mM. Immediately before use,
dilute with pH 8.4 buffer to 0.5 mM.
Standard solutions: Dilute USP Enoxaparin Sodium Solution for Bioassays RS with pH 7.4
buffer to obtain four dilutions having concentrations in the range between 0.015 and
0.075 IU of Anti-Factor IIa activity/mL.
Sample solutions: Proceed as directed under Standard solutions to obtain concentrations
of Enoxaparin Sodium similar to those obtained for the Standard solutions.
Analysis: Proceed as directed in the Assay for Anti-Factor Xa Activity, except to use
Thrombin human solution instead of Factor Xa solution and to use the Human
antithrombin III solution as described above.
Calculations: For each series, calculate the regression of the absorbance against log
concentrations of the Sample solutions and of the Standard solutions, and calculate the
potency of the Enoxaparin Sodium in IU of Anti-Factor IIa activity/mg using statistical
methods for parallel-line assays. The four independent dilution estimates are then
combined to obtain the final weighted mean. Then calculate the confidence limits. Express
the Anti-Factor IIa activity of Enoxaparin Sodium/mg.
Acceptance criteria: It has a potency of NLT 20.0 and NMT 35.0 Anti-Factor IIa IU/mg on
the dried basis.
• Molar Ratio of Sulfate to Carboxylate
Mobile phase: Carbon dioxide-free water
Sample solution: 5 mg/mL of Enoxaparin Sodium in carbon dioxide-free water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Ion
Column: Two columns; one 1.5-cm × 2.5-cm column packed with an anion-exchange
resin L64 packing and one 1.5-cm × 7.5-cm column packed with a cation-exchange
resin L65 packing. The outlet of the anion-exchange column is connected to the inlet of
the cation-exchange column.
Flow rate: 1 mL/min
Analysis
Sample: Sample solution
[NOTE—Regenerate the anion-exchange column and the cation-exchange column with 1 N
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sodium hydroxide and 1 N hydrochloric acid, respectively, between two injections.]
Inject the Sample solution into the anion-exchange column, and collect the eluate from
the cation-exchange column in a beaker at the outlet until the ion detector reading
returns to the baseline value. Quantitatively transfer the eluate to a titration vessel
containing a magnetic stirring bar, and dilute with carbon dioxide-free water to about 60
mL. Position the titration vessel on a magnetic stirrer, and immerse the electrodes. Note
the initial conductivity reading, and titrate with approximately 0.1 N sodium hydroxide
added in 100-µL portions. [Note—Prepare the sodium hydroxide solution in carbon dioxidefree water. ] Record the buret reading and the conductivity meter reading after each
addition of the sodium hydroxide solution.
Calculations: Plot the conductivity measurements on the y-axis against the volumes of
sodium hydroxide added on the x-axis. The graph will have three linear sections—an initial
downwards slope, a middle slight rise, and a final rise. For each of these sections draw the
best-fit straight lines using linear regression analysis. At the points where the first and
second straight lines intersect and where the second and third lines intersect, draw
perpendiculars to the x-axis to determine the volumes of sodium hydroxide taken up by
the sample at those points. The point where the first and second lines intersect
corresponds to the volume of sodium hydroxide taken up by the sulfate groups (VS). The
point where the second and third lines intersect corresponds to the volume of sodium
hydroxide consumed by the sulfate and the carboxylate groups together (VT). Calculate
the molar ratio of sulfate to carboxylate:
Result = VS/(VT

VS)

Acceptance criteria: The molar ratio of sulfate to carboxylate is NLT 1.8.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store below 40 , preferably at
room temperature.
• USP Reference Standards 11
USP Benzyl Alcohol RS
USP Endotoxin RS
USP Enoxaparin Sodium RS
USP Enoxaparin Sodium Molecular Weight Calibrant A RS
USP Enoxaparin Sodium Molecular Weight Calibrant B RS
USP Enoxaparin Sodium Solution for Bioassays RS
(RB 1-Dec-2009)

1 The method was validated using a guard column TSK SWXL 6- × 40-mm column in series with two analytical
columns: TSK G3000 SWXL 7.8- × 300-mm, 5-mm diameter column in series with TSK G2000 SWXL 7.8- ×
300-mm, 5-mm diameter column.

USP34–NF29 Page 2690
BRIEFING
Enoxaparin Sodium Injection, USP 33–NF 28 Reissue page R-481. On the basis of comments
received, it is proposed to change the acceptance criteria in the test for Anti-Factor IIa
Activity from “NLT 2000 and NMT 3000 IU/mL” to “It meets the criteria for the Anti-Factor
Xa to Anti-Factor IIa Ratio.” In addition, it has been proposed to modify the formula in the
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test for Benzyl Alcohol Content.
(BIO1: A. Szajek.)
Correspondence Number—C93021

Comment deadline: March 31, 2011
Add the following:
Enoxaparin Sodium Injection
DEFINITION
Enoxaparin Sodium Injection is a sterile solution of Enoxaparin Sodium in Water for Injection. Its
appearance is analyzed for clarity and degree of color using a validated method. Its potency
value is NLT 90% and NMT 110% of the potency stated on the label in terms of International
Anti-Factor Xa Units (IU). It may contain, in multiple-dose containers, a suitable antimicrobial
preservative, such as benzyl alcohol.
IDENTIFICATION
• A.
Analysis: Transfer the total contents of a single-dose container or 0.4 mL from a multipledose container to a glass test tube, add 2 mL of water and 1 mL of 2% (w/v) protamine
sulfate solution, and mix.
Acceptance criteria: A creamy white precipitate is formed.
• B. Ultraviolet Absorption 197U
Standard solution: 500 µg/mL
Medium: 0.01 N hydrochloric acid
Sample solution: Transfer the total content of a single-dose container or 0.4 mL from a
multiple-dose container to a 100-mL volumetric flask. Dilute with Medium to volume.
Acceptance criteria: The spectra exhibit maxima at 231 ± 2 nm.
Change to read:
• C. Identification Tests—General Sodium 191
Spectrophotometry and Light-Scattering 851 :
Meets the requirements for atomic absorption USP35

ASSAY
• Anti-Factor Xa Activity
Acetic acid solution: Glacial acetic acid and water (42:58)
pH 7.4 polyethylene glycol 6000 buffer: Dissolve 6.08 g of
tris(hydroxymethyl)aminomethane and 8.77 g of sodium chloride in 500 mL of water. Add
1.0 g of polyethylene glycol 6000, adjust with hydrochloric acid to a pH of 7.4, and dilute
with water to 1000 mL.
pH 7.4 buffer: Dissolve 6.08 g of tris(hydroxymethyl)aminomethane and 8.77 g of sodium
chloride in 500 mL of water. Adjust with hydrochloric acid to a pH of 7.4, and dilute with
water to 1000 mL.
pH 8.4 buffer: Dissolve 3.03 g of tris(hydroxymethyl)aminomethane, 5.12 g of sodium
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chloride, and 1.40 g of edetate sodium in 250 mL of water. Adjust with hydrochloric acid
to a pH of 8.4, and dilute with water to 500 mL.
Human antithrombin III solution: Reconstitute a vial of antithrombin III (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to obtain a solution containing
5 Antithrombin III Units/mL. Dilute this solution with pH 7.4 polyethylene glycol 6000
buffer to obtain a solution having a concentration of 1.0 Antithrombin III Unit/mL.
Factor Xa solution: Reconstitute a weighed quantity of bovine factor Xa (see Reagents,
Indicators, and Solutions—Reagent Specifications) in pH 7.4 polyethylene glycol 6000
buffer to obtain a solution that gives an increase in absorbance value at 405 nm of NMT
0.20 absorbance units/min when assayed as described below but using as an appropriate
volume, V, the volume in µL of pH 7.4 buffer instead of V µL of the enoxaparin solution.
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate
for an amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications)
for Factor Xa in water to obtain a concentration of about 3 mM. Dilute with pH 8.4 buffer
to obtain a solution having a concentration of 0.5 mM.
Standard solutions: Dilute USP Enoxaparin Sodium Solution for Bioassays RS with pH 7.4
buffer to obtain four dilutions in the concentration range between 0.025 and 0.2 AntiFactor Xa IU/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Injection similar to those obtained for the Standard solutions.
Analysis
Samples: Acetic acid solution, pH 7.4 buffer, Human antithrombin III solution, Factor Xa
solution, Chromogenic substrate solution, Standard solutions, and Sample solutions
Label 18 suitable tubes: B1 and B2 for blanks; T1, T2, T3, and T4 each in duplicate for
the dilutions of the Sample solutions; and S1, S2, S3, and S4 each in duplicate for the
dilutions of the Standard solutions. [Note—Treat the tubes in the order B1, S1, S2, S3,
S4, T1, T2, T3, T4, T1, T2, T3, T4, S1, S2, S3, S4, B2. ] To each tube add the same
volume, V (20–50 µL), of Human antithrombin III solution and an equal volume, V, of
either the blank (pH 7.4 buffer) or an appropriate dilution of the Sample solutions or the
Standard solutions. Mix, but do not allow bubbles to form. Incubate at 37 for 1.0 min.
Add to each tube 2V (40–100 µL) of Factor Xa solution, and incubate for 1.0 min. Add a
5V (100–250 µL) volume of Chromogenic substrate solution. Stop the reaction after 4.0
min with a 5V (100–250 µL) volume of Acetic acid solution. Measure the absorbance of
each solution at 405 nm using a suitable spectrophotometer (see Spectrophotometry and
Light-Scattering 851 ) against blank B1. The reading of blank B2 relative to blank B1 is
NMT ±0.05 absorbance unit.
Calculations: For each series, calculate the regression of the absorbance against log
concentrations of the Sample solutions and of the Standard solutions, and calculate the
potency of the enoxaparin sodium in the Injection in IU of Anti-Factor Xa activity/mL
using statistical methods for parallel-line assays. The four independent log relative
potency estimates are then combined to obtain the final geometric mean. Its confidence
limits are calculated.
Acceptance criteria: The potency is NLT 90% and NMT 110% of the potency stated on
the label in terms of International Anti-Factor Xa Units (IU).
• Anti-Factor Xa to Anti-Factor IIa Ratio: The ratio of the numerical value of the AntiFactor Xa activity in Anti-Factor Xa IU/mL to the numerical value of the Anti-Factor IIa
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activity in Anti-Factor IIa IU/mL, as determined by the Anti-Factor Xa Activity and AntiFactor IIa Activity, respectively, is NLT 3.3 and NMT 5.3.
OTHER COMPONENTS
Change to read:
• Benzyl Alcohol Content (if Present)
Mobile phase: Acetonitrile, methanol, and water (3:1:16)
Standard solution: 1.5 mg/mL of USP Benzyl Alcohol RS in Mobile phase
Sample solution: Transfer 5.0 mL of the Injection to a 50-mL volumetric flask. Dilute with
Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 256 nm
Column: 4.6-mm × 15-cm stainless steel; packing L71
Flow rate: 1.0 mL/min, maintained constant to ±10%
Injection size: 20 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (w/v) of benzyl alcohol in the portion of Injection taken:
Result = (rU × M)/(rS × 200)
Result = (rU × M)/(rS × 50)

USP35

r=
U peak area of benzyl alcohol from the Sample solution
M= mass of benzyl alcohol dissolved to prepare the Standard solution
r=
S peak area of benzyl alcohol from the Standard solution
Acceptance criteria: 1.35%–1.65%
SPECIFIC TESTS
• pH

791 : 5.5–7.5

Change to read:
• Bacterial Endotoxins Test 85 : It contains less than 0.01 USP Endotoxin Unit/unit of AntiFactor Xa activity in Anti-factor Xa IU.
The addition of divalent cations may be necessary to fulfill the validation criteria. USP35
Change to read:
• Anti-Factor IIa Activity
Acetic acid solution, pH 7.4 polyethylene glycol 6000 buffer, pH 7.4 buffer, pH 8.4
buffer, and Human antithrombin III solution: Proceed as directed in the Assay for AntiFactor Xa Activity, except that the concentration of the Human antithrombin III solution
is 0.5 Antithrombin III Unit/mL.
Thrombin human solution: Reconstitute thrombin human (see Reagents, Indicators, and
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Solutions—Reagent Specifications) in water, and dilute in pH 7.4 polyethylene glycol 6000
buffer to obtain a solution having a concentration of 5 Thrombin Units/mL.
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate
for an amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications)
for thrombin in water to obtain a concentration of about 3 mM. Immediately before use,
dilute with pH 8.4 buffer to 0.5 mM.
Standard solutions: Dilute USP Enoxaparin Sodium Solution for Bioassays RS with pH 7.4
buffer to obtain four dilutions having concentrations in the range between 0.015 and
0.075 IU of Anti-Factor IIa activity/mL.
Sample solutions: Proceed as directed under Standard solutions to obtain concentrations
of Injection similar to those obtained for the Standard solutions.
Analysis: Proceed as directed in the Assay for Anti-Factor Xa Activity, except to use
Thrombin human solution instead of Factor Xa solution and to use the Human
antithrombin III solution as described above.
Calculations: For each series, calculate the regression of the absorbance against log
concentrations of the Sample solutions and of the Standard solutions, and calculate the
potency of the enoxaparin sodium in the Injection in IU of Anti-Factor IIa activity/mL
using statistical methods for parallel-line assays. The four independent dilution estimates
are then combined to obtain the final weighted mean. Then calculate the confidence
limits.
Acceptance criteria: It has a potency of NLT 2000 and NMT 3500 IU/mL.
It meets the criteria for the Anti-Factor Xa to Anti-Factor IIa Ratio. USP35
• Free Sulfate Content
Mobile phase: 3.0 mM sodium carbonate solution
System suitability solution: 3 µg/mL of sulfate anion and 5 µg/mL of oxalate anion
Standard sulfate stock solution: Prepare a solution of sodium sulfate in Mobile phase in a
suitable sulfate-free container such that the concentration of sulfate is accurately known
at about 1 mg/mL. Transfer 5 g of the solution to a similar container, and add Mobile
phase to obtain 25 g of solution.
Standard solution A: 0.1 µg/g of sulfate from Standard sulfate stock solution in Mobile
phase
Standard solution B: 0.5 µg/g of sulfate from Standard sulfate stock solution in Mobile
phase
Standard solution C: 1 µg/g of sulfate from Standard sulfate stock solution in Mobile
phase
Standard solution D: 2 µg/g of sulfate from Standard sulfate stock solution in Mobile
phase
Standard solution E: 4 µg/g of sulfate from Standard sulfate stock solution in Mobile
phase
Standard solution F: 5 µg/g of sulfate from Standard sulfate stock solution in Mobile
phase
Sample solution: Transfer 200 mg of a 100-mg/mL Injection to a suitable previously tared
sulfate-free vial. Add Mobile phase to obtain a total mass, MS, of about 20 g.
Chromatographic system
(See Chromatography 621 , System suitability.)
Mode: Ion chromatography
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Detector: Conductivity
Column
Guard: 4-mm × 5-cm; packing L61
Analytical: 4-mm × 25-cm; packing L61
[NOTE—Use a micromembrane anion autosuppressor2 or a suitable chemical suppression
system.]
Flow rate: 2.0 mL/min
Injection size: 25 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1 between the sulfate and oxalate peaks
Analysis
Samples: Standard solutions A–F and Sample solution
Plot the standard curve of sulfate peak height as a function of sulfate concentration (in
µg/g) in the Standard solutions A–F. From the sulfate peak height in the chromatogram
determine the concentration of sulfate, C, in µg/g, in the Sample solution using the
standard curve. Calculate the percentage of free sulfate content (w/w) in the portion of
Injection taken:
Result = [(C × MS)/10m)] × 100
M=
S total mass of the Sample solution (g)
m= mass of Injection taken to prepare the Sample solution (mg)
Acceptance criteria: The percentage of free sulfate is NMT 0.12%.
• Sterility Tests

71 : Meets the requirements

• Particulate Matter in Injections

788 : Meets the requirements

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers in Type I glass.
Store between 20 and 25 , excursions permitted between 15 and 30 .
• Labeling: Label it to indicate the amount (mg) of Enoxaparin Sodium in the total volume of
contents. The label states also that the Enoxaparin Sodium starting material is porcine
derived.
• USP Reference Standards 11
USP Benzyl Alcohol RS
USP Endotoxin RS
USP Enoxaparin Sodium RS
USP Enoxaparin Sodium Solution for Bioassays RS
(RB 1-Dec-2009)

1 Available as Lichrospher 100 RP 18, pore size 100 , particle size 5 µm, or equivalent.
2 Available as Anion Self-Regenerating Suppressor (ASRS) from Dionex Inc, or equivalent.

USP34–NF29 Page 2692
BRIEFING
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Glycopyrrolate, USP 32 page 2516. As part of the USP monograph modernization effort, the
following revisions, based on validated methods of analysis, are proposed:
1.
The limits in the Definition have been changed from “NLT 98.0% and NMT 100.5%” to
“NMT 98.0% and NLT 102.0%”, which is typical for chromatographic procedures. The
Assay has been calculated on the dried basis rather than on the previously dried
basis.
2.
The current UV method in Identification test B has been replaced with a retention-time
agreement based on the Assay.
3.
The titration method in the Assay has been replaced with a stability-indicating HPLC
procedure that eliminates the use of mercuric acetate which is a safety hazard.
4.
The nonspecific tests for Ordinary Impurities and for Melting Range or Temperature
have been replaced with a test for Organic Impurities based on an HPLC procedure.
5.
A new test for Limit of Erythro Isomer, using an HPLC procedure, has been added to
satisfy regulatory requirements to monitor enantiometric purity. To reflect the chiral
composition of the drug substance, a revision to the chemical names is proposed in
the chemical information section.
6.
Storage requirements have been added in the Packaging and Storage section.
7.
Four new USP Reference Standards required by the new HPLC procedures have been
added to the USP Reference Standards

11

section.

The liquid chromatographic procedures in the Assay and in the test for Organic Impurities are
based on analyses performed with the Symmetry C18 brand of L1 column. The typical
retention time for glycopyrrolate is about 6 min in the Assay and 8 min in the test for
Organic Impurities. The liquid chromatographic procedure in the test for Limit of Erythro
Isomer is based on analyses performed with the ChiraDex brand of L45 column. The typical
retention times for the erythro isomer and glycopyrrolate are about 18 and 20 min,
respectively.
(SM3: E. Gonikberg, M. Puderbaugh.)
Correspondence Number—C89251

Comment deadline: March 31, 2011
Glycopyrrolate
Change to read:

C19 H28 BrNO3
Pyrrolidinium, 3-[
(SR)- USP35

398.33
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(cyclopentylhydroxyphenylacetyl)oxy]-1,1-dimethyl-,
[RS-] USP35
bromide;
3-Hydroxy-1,1-dimethylpyrrolidinium bromide -cyclopentylmandelate
(RS)-[3-(SR)-Hydroxy-1,1-dimethylpyrrolidinium bromide] -cyclopentylmandelate

USP35

[596-51-0].
DEFINITION
Change to read:
Glycopyrrolate, dried at 105 for 3 h,
USP35

contains NLT 98.0% and NMT 100.5%
102.0% USP35
of C19 H28 BrNO3 ,
calculated on the dried basis.

USP35

IDENTIFICATION
• A. Infrared Absorption

197K

Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 500 µg/mL
Medium: Water
Analytical wavelength: 258 nm
Absorptivities: Differ by NMT 3.0%, calculated on the dried basis
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP35
• C. Identification Tests—General, Bromide 191
Sample solution: 25 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 800 mg of Glycopyrrolate (previously dried) in 50 mL of glacial
acetic acid. Add 10 mL of mercuric acetate TS and 1 drop of crystal violet TS.
Analysis: Titrate the Sample solution with 0.1 N perchloric acid VS. Perform a blank
determination (see Titrimetry

541 ). Each mL of 0.1 N perchloric acid is equivalent to
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39.83 mg of C19 H28 BrNO3 .
Acceptance criteria: 98.0%–100.5% on the previously dried basis
Buffer: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1hexanesulfonate monohydrate in 650 mL of water. To this solution, add 3.0 mL of 1 N
sulfuric acid, and mix.
Mobile phase: Acetonitrile, methanol, and Buffer (20:15:65)
Standard solution: 0.1 mg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 0.1 mg/mL of glycopyrrolate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm column; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glycopyrrolate (C19 H28 BrNO3 ) in the
portion of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of glycopyrrolate from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U concentration of glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP35

IMPURITIES
• Residue on Ignition

281 : NMT 0.3%

Delete the following:
• Ordinary Impurities 466
Standard solutions: 0.05, 0.25, 0.5, and 1.0 mg/mL in alcohol
Sample solution: 50 mg/mL in alcohol
Eluant: A mixture of ethyl acetate, water, and anhydrous formic acid (74:16:10)
Adsorbent: Chromatographic silica gel
Application volume: 5 µL
Visualization: Dry the plate at 105 for 15 min, followed by Visualization Technique 3; then
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air-dry the developed plate at room temperature for 2 h.
Acceptance criteria: The intensity of any secondary spot of the Sample solution
corresponds to NMT 0.5%, and the sum of the intensities of all secondary spots of the
Sample solution corresponds to NMT 2.0%. USP35
Add the following:
• Organic Impurities
Buffer: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1hexanesulfonate monohydrate in 650 mL of water. To this solution, add 3.0 mL of 1 N
sulfuric acid, and mix.
Diluent: Prepare a solution of 1.0 g of anhydrous sodium sulfate, 6.8 g of monobasic
potassium phosphate, and 200 mg of sodium 1-hexanesulfonate monohydrate in 650 mL of
water. To this solution, add 3.0 mL of 1 N sulfuric acid, 150 mL of methanol, and 200 mL
of acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile, methanol, and Buffer (20:15:65)
Solution B: Acetonitrile, methanol, and Buffer (50:15:35)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
25
10
90
35
10
90
37
100
0
45
100
0
Standard solution: 1.5 µg/mL each of USP Glycopyrrolate RS, USP Glycopyrrolate Related
Compound A RS, USP Glycopyrrolate Related Compound B RS, and USP Glycopyrrolate
Related Compound C RS in Diluent. Sonicate if necessary to facilitate dissolution.
Sample solution: 1.0 mg/mL of Glycopyrrolate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm column; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
Tailing factor: NMT 2.0, glycopyrrolate peak
Relative standard deviation: NMT 6.0% for each peak
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of glycopyrrolate related compounds A, B, and C in the portion
of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each related compound from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
C=
S concentration of the corresponding related compound in the Standard solution (mg/mL)
C=
U concentration of glycopyrrolate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Glycopyrrolate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U concentration of glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
5-Nitroisophthalic acida
0.45
0.15
Glycopyrrolate
1.00
—
b
Glycopyrrolate base
1.14
0.15
Cyclopentylmandelic acidc 2.68
0.15
Any other individual impurity—
0.10
Total impurities
—
0.50
a Glycopyrrolate related compound A.
b Glycopyrrolate related compound B.
c Glycopyrrolate related compound C.
USP35

Add the following:
• Limit of Erythro Isomer
Buffer: 2.8 g/L of monobasic sodium phosphate in water. Adjust with a 1 in 10 sodium
hydroxide solution to a pH of 6.50 ± 0.05.
Mobile phase: Methanol, acetonitrile, and Buffer (50:10:40)
System suitability solution: 40 µg/mL each of USP Glycopyrrolate Erythro Isomer RS and
USP Glycopyrrolate RS in Mobile phase
Standard solution: 10 µg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 500 µg/mL of Glycopyrrolate in Mobile phase
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.0-mm × 25-cm column; 5-µm packing L45
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between the erythro isomer and glycopyrrolate, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 6.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of erythro isomer in the portion of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of the erythro isomer from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U concentration of glycopyrrolate in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria
Erythro isomer: See Table 3.
Name

Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Time
Factor (F)
NMT (%)
0.89
0.86
0.4

Erythro Isomer (R,R/
S,S-Glycopyrrolate)a
Glycopyrrolate
1.00
—
a USP Glycopyrrolate Erythro Isomer RS.

—

USP35

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 193 –198 , but the range between
beginning and end of melting does not exceed 2 .
• Loss on Drying

USP35

731 : Dry at 105 for 3 h: it loses NMT 0.5% of its weight.

ADDITIONAL REQUIREMENTS
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Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. USP35
Change to read:
• USP Reference Standards
USP Glycopyrrolate RS

11

USP Glycopyrrolate Related Compound A RS
5-Nitrobenzene-1,3-dicarboxylic acid.
C8 H5 NO6
211.13
USP Glycopyrrolate Related Compound B RS
1-Methylpyrrolidin-3-yl 2-cyclopentyl-2-hydroxy-2-phenylacetate.
C18 H25 NO3
303.40
USP Glycopyrrolate Related Compound C RS
2-Cyclopentyl-2-hydroxy-2-phenylacetic acid.
C13 H16 O3
220.26
USP Glycopyrrolate Erythro Isomer RS
(RS)-3-[(RS)-2-cyclopentyl-2-hydroxy-2-phenylacetoxy]-1,1-dimethylpyrrolidinium
bromide.
C19 H28 BrNO3
398.33 USP35
USP34–NF29 Page 2989
BRIEFING
Glycopyrrolate Tablets, USP 32 page 2517. As part of the USP monograph modernization
effort, the following revisions, based on the validated methods of analysis, are proposed:
1.
The current UV test for Identification has been replaced with retention-time agreement
based on the Assay.
2.
The UV procedure in the Assay has been replaced with a stability-indicating HPLC
procedure.
3.
In the Dissolution test, the UV procedure has been replaced with an HPLC procedure,
and the use of a pooled sample has been removed.
4.
A new test for Organic Impurities, using an HPLC procedure, has been added.
5.
Storage requirements have been added to the Packaging and Storage section.
The liquid chromatographic procedures in the Assay and in the tests for Dissolution and Organic
Impurities are based on analyses performed with the Symmetry C18 brand of L1 column. The
typical retention time for glycopyrrolate is about 6 min in the Assay, 5 min in the Dissolution
test, and 7 min in the test for Organic Impurities.
(SM3: E. Gonikberg, M. Puderbaugh, M. Marques.)
Correspondence Number—C89251

Comment deadline: March 31, 2011
Glycopyrrolate Tablets
DEFINITION
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Glycopyrrolate Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of
glycopyrrolate (C19 H28 BrNO3 ).
IDENTIFICATION
Change to read:
• A.
Sample solution: Blend a portion of finely powdered Tablets, equivalent to about 25 mg
of glycopyrrolate, with 50 mL of water in a high-speed blender. Pass through very
retentive filter paper or another suitable filter to obtain a clear filtrate.
Acceptance criteria: The UV absorption spectrum of the filtrate exhibits maxima and
minima at the same wavelengths as that of a solution of USP Glycopyrrolate RS (1 in
2000).
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP35

ASSAY
Change to read:
• Procedure
Buffer: 38 g/L of monobasic sodium phosphate and 2 g/L of anhydrous dibasic sodium
phosphate in water. Adjust, if necessary, to a pH of 5.3. ± 0.1.
Bromocresol purple solution: Dissolve 400 mg of bromocresol purple in 30 mL of alcohol.
Add 6.3 mL of 0.1 N sodium hydroxide, and dilute with water to 500 mL.
Buffer-dye mixture: On the day of use, mix equal volumes of Buffer and of Bromocresol
purple solution, and extract with chloroform until the last extract is colorless.
Standard stock solution: 1 mg/mL of USP Glycopyrrolate RS in water
Standard solution: 100 µg/mL of USP Glycopyrrolate RS in water, from the Standard
stock solution
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 10 mg of glycopyrrolate, to a 100-mL volumetric flask, add 50 mL
of water, and shake by mechanical means for 10 min. Dilute with water to volume, and
filter, discarding the first 20 mL of the filtrate.
Spectrometric conditions
(See Spectrometry and Light-Scattering

851 .)

Mode: UV-Vis
Analytical wavelength: 410 nm
Cell: 1 cm
Analysis: Transfer 10.0 mL each of the Standard solution, the Sample solution, and water
to serve as the blank to individual separators, each containing 10.0 mL of Buffer-dye
mixture. Mix, and extract each solution with four 25-mL portions of chloroform, filtering
the extracts from each solution through chloroform-moistened filter paper into separate
100-mL volumetric flasks. Dilute each solution with chloroform to volume.
[NOTE—Use the Blank to set the instrument.]
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Calculate the percentage of C19 H28 BrNO3 in the Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution extract
AS= absorbance of the Standard solution extract
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Sample solution (µg/mL)
Acceptance criteria: 93.0%–107.0%
Buffer: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1hexanesulfonate monohydrate in 650 mL of water. To this solution, add 3.0 mL of 1 N
sulfuric acid, and mix.
Mobile phase: Acetonitrile, methanol, and Buffer (20:15:65)
Standard solution: 0.1 mg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 0.1 mg/mL of glycopyrrolate in Mobile phase. Prepare by transferring
10 Tablets to a suitable volumetric flask. Add Mobile phase to 50% of the volume of the
flask, and sonicate for 10 min or until the Tablets disintegrate completely. Add Mobile
phase to 75% of the volume of the flask, shake mechanically for 30 min, and dilute with
Mobile phase to volume. Centrifuge a portion of the solution, and pass the supernatant
through a suitable filter, discarding the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm column; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glycopyrrolate (C19 H28 BrNO3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of glycopyrrolate from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U nominal concentration of glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0% USP35
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PERFORMANCE TESTS
Change to read:
• Dissolution 711
Procedure for a pooled sample
Medium: Water; 500 mL
Apparatus 1: 100 rpm
Time: 45 min
Analysis: Determine the amount of C19 H28 BrNO3 dissolved, employing the analysis in the
Assay and making any necessary modifications.
Buffer: 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1-pentanesulfonate in
620 mL of water
Mobile phase: Acetonitrile, methanol, Buffer, and 1 N sulfuric acid (200:180:620:3)
Standard stock solution: 0.2 mg/mL of USP Glycopyrrolate RS in Medium. A small
volume of methanol, not exceeding 20% of the final volume, can be used to solubilize
glycopyrrolate.
Standard solution: (L/500) mg/mL of glycopyrrolate in Medium from the Standard stock
solution, where L is the label claim in mg/Tablet. Prepare this solution fresh, and
refrigerate immediately at 5 .
Sample solution: Pass a portion of the solution under test through a suitable filter.
Refrigerate the samples at 5 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6 mm × 15–cm; 5-µm packing L1
Column temperature: 40
Sampler temperature: 5
Flow rate: 1.2 mL/min
Injection size: 80 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Calculate the average percentage of the labeled amount of glycopyrrolate dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of glycopyrrolate in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 500 mL
USP35
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Tolerances: NLT 75% (Q) of the labeled amount of glycopyrrolate (C19 H28 BrNO3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Buffer: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1hexanesulfonate monohydrate in 650 mL of water. To this solution, add 3.0 mL of 1 N
sulfuric acid, and mix.
Diluent: Prepare a solution of 1.0 g of anhydrous sodium sulfate, 6.8 g of monobasic
potassium phosphate, and 200 mg of sodium 1-hexanesulfonate monohydrate in 650 mL of
water. To this solution, add 3.0 mL of 1 N sulfuric acid, 150 mL of methanol, and 200 mL
of acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile, methanol, and Buffer (20:15:65)
Solution B: Acetonitrile, methanol, and Buffer (50:15:35)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
25
10
90
35
10
90
37
100
0
45
100
0
Standard solution: 1.5 µg/mL each of USP Glycopyrrolate RS, USP Glycopyrrolate Related
Compound B RS, and USP Glycopyrrolate Related Compound C RS in Diluent. Sonicate, if
necessary, to facilitate dissolution.
Sample solution: 500 µg/mL of glycopyrrolate in Diluent. Prepare by transferring the
equivalent of 25 mg of glycopyrrolate from a portion of NLT 20 powdered Tablets to a 50mL volumetric flask. Add 30 mL of Diluent, sonicate for 10 min, shake mechanically for 30
min, and dilute with Diluent to volume. Centrifuge a portion of the solution, and pass the
supernatant through a suitable filter, discarding the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm column; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
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Tailing factor: NMT 2.0, glycopyrrolate peak
Relative standard deviation: NMT 6.0%, glycopyrrolate and glycopyrrolate related
compound C peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycopyrrolate related compound C in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of glycopyrrolate related compound C from the Sample solution
rS= peak response of glycopyrrolate related compound C from the Standard solution
concentration of USP Glycopyrrolate Related Compound C RS in the Standard solution
C=
S (mg/mL)
C=
U nominal concentration of glycopyrrolate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U nominal concentration of glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 2.
Table 2
Relative
Retention
Time
0.45
1.00
1.14
2.68
—
—

Acceptance
Criteria,
NMT (%)
—d
—
—d
0.5
0.2
1.2

Name
5-Nitroisophthalic acida
Glycopyrrolate
Glycopyrrolate baseb
Cyclopentylmandelic acidc
Any other individual impurity
Total impurities
a Glycopyrrolate related compound A.
b Glycopyrrolate related compound B.
c Glycopyrrolate related compound C.
d Disregard the peaks due to 5-nitroisophthalic acid and glycopyrrolate base, because
these are process impurities and are controlled in the drug substance monograph.
USP35

ADDITIONAL REQUIREMENTS
Change to read:

PF 37(1): Jan.-Feb. 2011

60

• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. USP35
Change to read:
• USP Reference Standards
USP Glycopyrrolate RS

11

USP Glycopyrrolate Related Compound B RS
1-Methylpyrrolidin-3-yl 2-cyclopentyl-2-hydroxy-2-phenylacetate.
C18 H25 NO3
303.40
USP Glycopyrrolate Related Compound C RS
2-Cyclopentyl-2-hydroxy-2-phenylacetic acid.
C13 H16 O3
220.26 USP35
USP34–NF29 Page 2990
BRIEFING
Hydrochloric Acid Injection. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The potentiometric titration procedure in the Assay was
performed with a pH meter. USP has received data indicating that an Accumet pH Meter and
Accumet Glass Membrane Combination Electrode is suitable.
(CMP: R. Schnatz.)
Correspondence Number—C95176

Comment deadline: March 31, 2011
Add the following:
Hydrochloric Acid Injection
DEFINITION
Hydrochloric Acid Injection, 0.1 N contains an amount of Hydrogen Chloride (HCl) NLT 328 mg
and NMT 401 mg in 100 mL.
Prepare Hydrochloric Acid Injection as follows (see Pharmaceutical Compounding—Sterile
Preparations 797 ):
Hydrochloric Acid, 1.0 N
10 mL
A sufficient quantity of Sodium Chloride Injection, 0.45% or 0.9% to make 100 mL
Starting with nonsterile 1.0 N Hydrochloric Acid, accurately measure a volume that is exactly
one-tenth the desired final volume of Hydrochloric Acid Injection with an appropriate glass or
plastic device, and accurately dilute that to the desired final volume of 0.1 N Hydrochloric Acid
with 0.45% or 0.9% Sodium Chloride Injection. Sterilize the nonsterile 0.1 N Hydrochloric Acid
by passing through a sterile nominal acid-compatible membrane filter of 0.2-µm pore size into a
sterile intravenous polypropylene container in an ISO Class 5 environment. [Note—This is a
High-Risk Level Compounded Sterile Preparation (CSP) that shall be prepared according to the
relevant standards in USP chapter Pharmaceutical Compounding—Sterile Preparations

797 . ]
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ASSAY
• Procedure
Carbon dioxide-free water: Boil deionized water rigorously for 6 min. Transfer the hot
water to an amber glass bottle sealed with parafilm while cooling to room temperature.
Store in a tight container.
Potassium biphthalate solution: Dry 5 g of potassium biphthalate at 122 for 2 h, then
cool in a desiccator. Dissolve the dried material in 75 mL of Carbon dioxide-free water and
use immediately.
Methyl red TS: Prepare the TS by dissolving 10 mg of methyl red in 10 mL of Reagent
Alcohol.
Phenolphthalein TS: Prepare the TS by dissolving 100 mg of phenolphthalein in 10 mL of
Reagent Alcohol.
Titrant: Prepare by diluting 1 N Sodium Hydroxide VS in Carbon dioxide-free water.
Standardize the VS against Potassium biphthalate solution (see Reagents, Indicators and
Solutions—Volumetric Solutions). Each 204.23 mg of potassium biphthalate is equivalent
to 1 mL of 1 N sodium hydroxide. [Note—Solutions of alkali hydroxides absorb carbon
dioxide when exposed to air. They should be preserved in bottles having well-fitted,
suitable stoppers, or prepared fresh as needed and restandardized frequently. ]
Standard solutions: Prepare within ±25% of the Assay concentration. Dilute 1 N HCl with
0.9% Sodium Chloride Injection according to Table 1.
Table 1
Standard
Volume of 1 N Final Volume
Concentration (N)
HCl VS (mL)
(mL)
0.075
7.5
100
0.10
10.0
100
0.125
12.5
100
Sample solution: Hydrochloric Acid Injection, 0.1 N in 0.9% Sodium Chloride Injection
Titrimetric system
(See Titrimetry 541 .)
Mode: Potentiometric titration
System suitability
Sample: Standard solution
Endpoint detection: Potentiometric endpoint is equivalent to Methyl red TS endpoint
Suitability requirements
Linearity: NLT 0.995
Relative standard deviation: NMT 2.0% for replicate titrations
Analysis
Samples: Standard solutions and Sample solution
Determine equivalent weight factor for each mL of standardized titrant 0.5 N NaOH VS
where each mL of 1 N NaOH is equivalent to 0.20423 g of potassium biphthalate, and each
mL of 0.5 N NaOH is equivalent to 18.23 mg of HCl by the following equations:
Standardized N value for 0.5 N = (g, potassium biphthalate)/0.20423 g/mL × mL NaOH)
Correction factor for HCl assay = (Standardized N value × 18.23 mg/mL)/0.5 N
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Determine hydrochloric acid concentration in the test sample by the following equations:
HCl content (mEq) = (Correction factor mg/mL × mL titrant)/36.45 mg/mEq
HCl concentration (N) = HCl content (mEq)/(sample volume mL)
Acceptance criteria: NLT 328 mg and NMT 401 mg of the labeled amount of hydrochloric
acid (HCl)
SPECIFIC TESTS
• pH

791 : 1.0–1.2

• Sterility Tests 71 : It meets the requirements when tested as directed under Test for
Sterility of the Product to be Examined, Membrane Filtration.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in polypropylene container or equivalent. Store at
controlled room temperature or at controlled cold temperature.
• Labeling: Label it Hydrochloric Acid Injection, 0.1 N. Label it to state that this is a singledose intravenous injection that does not contain antimicrobial preservatives. Continuous
infusion shall be via central venous catheter with appropriate patient monitoring. Label it to
state the Beyond-Use Date.
• Beyond-Use Date: If a sterility test in conformance with USP 71 is passed, the BeyondUse Date is NMT 120 days when stored at controlled cold temperature or controlled room
temperature. In the absence of passing a sterility test, the storage period cannot exceed
24 h at controlled room temperature and 3 days at a cold temperature. USP35
BRIEFING
Isradipine Oral Suspension. Because there is no existing USP monograph for this dosage form,
a new monograph is proposed. The liquid chromatographic procedure in the Assay is based
on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm packing L1. USP
has received data indicating that a Spheri-5 ODS C18 column is suitable. The typical
retention time for isradipine is about 6.1 min.
(CMP: R. Schnatz.)
Correspondence Number—C86208

Comment deadline: March 31, 2011
Add the following:
Isradipine Oral Suspension
DEFINITION
Isradipine Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
isradipine (C19 H21 N3 O5 ).
Prepare Isradipine Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations

795 ):
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Isradipine
100 mg
Glycerin, USP
3 mL
Syrup, NF, a sufficient quantity to make 100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
capsules, empty the required number in a suitable mortar, or use Isradipine powder. Add
sufficient Glycerin to wet the powder, and triturate to a fine paste. Add the Syrup in small
portions. Add increasing volumes of the Syrup to make an isradipine liquid that is pourable.
Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add
enough of the Syrup to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of methanol, tetrahydrofuran, and deionized distilled
water (42:20:38). Filter and degas.
Diluent: Prepare a solution of methanol and 95% ethanol (1:1).
Standard stock solution: 1.0 mg/mL of USP Isradipine RS in Diluent
Standard solution: Dilute the Standard stock solution with Diluent to obtain a solution
having a nominal concentration of 0.1 mg/mL of isradipine, and pass through a filter of
0.22-µm pore size.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of Oral Suspension to a 10-mL volumetric flask, dilute with Diluent to volume, and pass
through a filter of 0.22-µm pore size to obtain a solution having a nominal concentration
of 0.1 mg/mL of isradipine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for isradipine is about 6.1 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of isradipine (C19 H21 N3 O5 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of isradipine in the Standard solution (µg/mL)
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C=
U nominal concentration of isradipine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.5–6.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 30 days after the date on which it was compounded, when stored
at controlled cold temperature
• USP Reference Standards
USP Isradipine RS

11

USP35

BRIEFING
Lamotrigine Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 3.0-mm × 15-cm column that contains 5-µm packing
L56. USP has received data indicating that a Zorbax SB-C3 column is suitable. The typical
retention time for lamotrigine is about 3.0 min.
(CMP: R. Schnatz.)
Correspondence Number—C85763

Comment deadline: March 31, 2011
Add the following:
Lamotrigine Oral Suspension
DEFINITION
Lamotrigine Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
lamotrigine (C9 H7 N5 Cl2 ).
Prepare Lamotrigine Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations
Lamotrigine

795 ):

100
mg
Vehicle: a mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder or use
Lamotrigine powder. Add the Vehicle in small portions and triturate to make a smooth paste.
Add increasing volumes of the Vehicle to make a lamotrigine liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
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Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of acetonitrile and 50 mM ammonium phosphate adjusted
with phosphoric acid to a pH of 3.2 (30:70). Pass through a nylon 66 filter of 0.45-µm
pore size, and degas with helium.
Internal standard solution: 20 µg/mL of p-nitroaniline in Mobile phase.
Standard stock solution: Dissolve an accurately weighed quantity of USP Lamotrigine RS
in methanol to obtain a concentration of about 10 mg/mL.
Standard solution: Pipet 1.0 mL of the Standard stock solution to a 10-mL volumetric
flask, and dilute with Mobile phase to volume. Mix 0.2 mL of the diluted solution with 5 mL
of the Internal standard solution to obtain a solution having a nominal concentration of
about 40 µg/mL of lamotrigine and 20 µg/mL of p-nitroaniline. Centrifuge the solution.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Mix 0.2 mL of
Oral Suspension with 5 mL of the Internal standard solution to obtain a solution having a
nominal concentration of about 40 µg/mL of lamotrigine and 20 µg/mL of p-nitroaniline.
Centrifuge the solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 3.0-mm × 15-cm; 5-µm packing L56
Column temperature: Ambient
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for lamotrigine and p-nitroaniline are about 3.0 min
and 7.3 min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamotrigine (C9 H7 N5 Cl2 ) in the portion
of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
internal standard ratio (peak response of analyte/peak response of p-nitroaniline) from
R=
U the Sample solution
internal standard ratio (peak response of analyte/peak response of p-nitroaniline) from
R=
S the Standard solution
C=
S concentration of lamotrigine in the Standard solution (µg/mL)
C=
U nominal concentration of lamotrigine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or controlled cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Lamotrigine RS

11

USP35

BRIEFING
Lisinopril Oral Suspension. Because there is no existing USP monograph for this dosage form,
a new monograph is proposed. The liquid chromatographic procedure in the Assay is based
on analyses performed with a 3.0-mm × 15-cm column that contains 5-µm packing L1. USP
has received data indicating that the Zorbax C18 column is suitable. The typical retention
time for lisinopril is about 3.8 min.
(CMP: R. Schnatz.)
Correspondence Number—C86209

Comment deadline: March 31, 2011
Add the following:
Lisinopril Oral Suspension
DEFINITION
Lisinopril Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
lisinopril (C21 H31 N3 O5 ).
Prepare Lisinopril Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations
Lisinopril

795 ):

Vehicle: a mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF,
(1:1), a sufficient quantity to make

100
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder, or use
Lisinopril powder. Add the Vehicle in small portions, and triturate to make a smooth paste. Add
increasing volumes of the Vehicle to make a lisinopril liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
Vehicle to bring to final volume, and mix well.
ASSAY
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• Procedure
Mobile phase: Acetonitrile and water with 0.8% diethylamine (57:43). Pass through a
nylon 66 filter of 0.45-µm pore size, and degas with helium.
Standard stock solution: 1.0 mg/mL of USP Lisinopril RS in methanol
Standard solution: Mix 0.1 mL of Standard stock solution with 1.0 mL of Mobile phase, and
centrifuge to obtain a solution having a nominal concentration of about 0.1 mg/mL of
lisinopril.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Mix 0.1 mL of
Oral Suspension with 1.0 mL of Mobile phase, and centrifuge to obtain a solution having a
nominal concentration of about 0.1 mg/mL of lisinopril.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for lisinopril is about 3.8 min.]
Suitability requirements
Relative standard deviation: NMT 2.7% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lisinopril (C21 H31 N3 O5 ) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of lisinopril in the Standard solution (µg/mL)
C=
U nominal concentration of lisinopril in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.3–5.3

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
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• USP Reference Standards
USP Lisinopril RS

11

USP35

BRIEFING
Methyldopa, USP 32 page 2940. On the basis of comments received, it is proposed to change
the method in Identification test A from Infrared Absorption

197M

to Infrared Absorption

197K because of the interference of the background peaks due to mineral oil (197M) with
the sample peaks. The identification was unambiguous when the spectrum was run using
potassium bromide (197K).
(SM2: S. Ramakrishna.)
Correspondence Number—C90705

Comment deadline: March 31, 2011
Methyldopa

C10 H13 NO4 ·1½H2 O
C10 H13 NO4

238.24

211.22

l-Tyrosine, 3-hydroxy- -methyl-, sesquihydrate;
l-3-(3,4-Dihydroxyphenyl)-2-methylalanine sesquihydrate
Anhydrous
[555-30-6].

[41372-08-1].

DEFINITION
Methyldopa contains NLT 98.0% and NMT 101.0% of C10 H13 NO4 , calculated on the anhydrous
basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption
197K

197M

USP35

• B. Ultraviolet Absorption 197U
Analytical wavelength: 280 nm
Sample solution: 40 µg/mL in 0.1 N hydrochloric acid
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by
more than 3.0%.
• C. Procedure
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Sample: 10 mg
Analysis: To the Sample add 0.15 mL of a solution of ninhydrin in sulfuric acid (1 in 250): a
dark purple color is produced within 5–10 min. Add 0.15 mL of water.
Acceptance criteria: The color changes to pale brownish yellow.
ASSAY
• Procedure
Sample solution: 200 mg of Methyldopa in 25 mL of glacial acetic acid, with the aid of
heat. Cool to room temperature, and add 0.1 mL of crystal violet TS and 50 mL of
acetonitrile.
Analysis: Titrate with 0.1 N perchloric acid VS to a blue endpoint. Perform a blank
determination, and make any necessary correction (see Titrimetry
0.1 N perchloric acid is equivalent to 21.12 mg of C10 H13 NO4 .
Acceptance criteria: 98.0%–101.0% on the anhydrous basis

541 ). Each mL of

IMPURITIES
• Residue on Ignition

281 : NMT 0.1%

• Heavy Metals, Method II 231 : NMT 10 ppm
• Limit of 3-O-Methylmethyldopa
Standard solution: 100 µg/mL of USP 3-O-Methylmethyldopa RS in methanol
Sample solution: 10 mg/mL of Methyldopa in methanol
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (65:15:25).
[Note—Prepare this mixture fresh. ]
Adsorbent: Thin-layer chromatographic plate with a suitable grade of cellulose, 250 µm
thick, prewashed with the Developing solvent system. Wash the plate by placing it in a
tank containing the Developing solvent system and allowing the solvent to rise to the
top of the plate. Dry with the aid of a current of dry air.
Solution A: 3 mg/mL of p-nitroaniline in 10 N hydrochloric acid. [Note—Prepare fresh
solution, just before use. ]
Solution B: 50 mg/mL of sodium nitrite. [Note—Prepare fresh solution, just before use. ]
Spray reagent 1: Solution A and Solution B (9:1). [Note—Prepare fresh solution, just
before spraying. ]
Spray reagent 2: 250 mg/mL of sodium carbonate
Analysis
Samples: Standard solution and Sample solution
Apply 20 µL of the Sample solution in two 10-µL increments and 10 µL of the Standard
solution so that the spots are NMT 0.5 cm in diameter. Develop using the Developing
solvent system until the solvent front has moved about 10 cm from the origin. Remove
the plate, and dry with a current of dry air until no odor of acetic acid is perceptible.
Place the plate in a vertical position, and evenly spray with Spray reagent 1 until the
adsorbent layer is uniformly soaked down to the glass (do not overspray). Place the
plate in a horizontal position, and dry as completely as possible with a current of warm
dry air (no odor of hydrochloric acid is perceptible). Place the plate in a vertical position,
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and evenly spray with Spray reagent 2 until the plate is uniformly wet (do not
overspray). The major methyldopa spot is black on a pale pink or orange background at
an RF value of 0.50, and the 3-O-methylmethyldopa spot is dark on a similar background
at an RF value of 0.65.
Acceptance criteria: The area and intensity of any 3-O-methylmethyldopa spot from the
Sample solution are NMT those from the Standard solution (0.5%).
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S : 25 to 28
Sample solution: 44 mg/mL, in a solvent that is a solution of aluminum chloride in water (2
in 3) that previously has been treated with activated charcoal, filtered, and adjusted with
0.25 N sodium hydroxide to a pH of 1.5
• Acidity: Dissolve 1.0 g in carbon dioxide-free water with the aid of heat, add 1 drop of
methyl red TS, and titrate with 0.10 N sodium hydroxide to a yellow endpoint: NMT 0.50
mL is required.
• Water Determination, Method I

921 : 10.0%–13.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 11
USP Methyldopa RS
USP 3-O-Methylmethyldopa RS
USP34–NF29 Page 3481
BRIEFING
Omeprazole Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 3.9-mm × 15-cm column that contains 4-µm packing
L1. USP has received data indicating that the Nova-Pak C18 column is suitable. The typical
retention time for omeprazole is about 8.1 min.
(CMP: R. Schnatz.)
Correspondence Number—C85768

Comment deadline: March 31, 2011
Add the following:
Omeprazole Oral Suspension
DEFINITION
Omeprazole Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
omeprazole (C17 H19 N3 O3 S).
Prepare Omeprazole Oral Suspension 2 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations

795 ):
Omeprazole
200 mg
Sodium Bicarbonate 8.4 g
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Purified Water, USP 100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. Prepare
a sufficient quantity of 8.4% sodium bicarbonate solution (8.4 g/100 mL) in Purified Water. If
using delayed-release capsules, empty the required number in a suitable mortar, and comminute
the contents into a fine powder, or use Omeprazole powder. Add sodium bicarbonate solution in
increasing volumes to make a omeprazole liquid that is pourable. Transfer the contents of the
mortar, stepwise and quantitatively, to a calibrated bottle. Add additional sodium bicarbonate
solution to bring to final volume, and mix thoroughly. If using capsules, allow preparation to
stand for 15 min, then mix thoroughly.
ASSAY
• Procedure
Mobile phase: Methanol, acetonitrile, and 15 mM phosphate buffer (40:10:50). Adjust to a
pH of 7.4.
Standard stock solution: 1.0 mg/mL of USP Omeprazole RS in methanol
Standard solution: 50 µg/mL from Standard stock solution in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.25 mL
of Oral Suspension into a 10-mL volumetric flask, and dilute with Mobile phase to volume
to obtain a solution having a nominal concentration of 50 µg/mL of omeprazole.
Centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: Ambient
Flow rate: 1.0 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for omeprazole is about 8.1 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of omeprazole in the Standard solution (µg/mL)
C=
U nominal concentration of omeprazole in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• pH

791 : 7.5–8.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 45 days after the date on which it was compounded, when stored
at controlled cold temperature
• USP Reference Standards
USP Omeprazole RS

11

USP35

BRIEFING
Pentoxifylline Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm packing
L1. The typical retention time for pentoxifylline is about 9.3 min.
(CMP: R. Schnatz.)
Correspondence Number—C95237

Comment deadline: March 31, 2011
Add the following:
Pentoxifylline Oral Suspension
DEFINITION
Pentoxifylline Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
pentoxifylline (C13 H18 N4 O3 ).
Prepare Pentoxifylline Oral Suspension 20 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations 795 ):
Pentoxifylline
2g
Purified Water, USP, a sufficient quantity to make 100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
Pentoxifylline powder in a suitable mortar, add Purified Water in small portions, and triturate to
make a smooth paste. Add increasing volumes of Purified Water to make a pentoxifylline liquid
that is pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a
calibrated bottle. Add enough Purified Water to bring to final volume, and mix well. [Note—Bitter
taste sufficiently masked when mixed with orange juice. ]
ASSAY
• Procedure
Mobile phase: Acetonitrile and 50 mM monobasic potassium phosphate buffer. Adjust with
phosphoric acid (20:80) to a pH of 3.2. Filter under vacuum through a filter of 0.45-µm
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pore size.
Internal standard solution: 100 µg/mL of caffeine in Mobile phase
Standard stock solution: 160 µg/mL of USP Pentoxifylline RS in Mobile phase
Standard solution: Dilute the Standard stock solution with Internal standard solution (1:1)
to obtain a solution having a nominal concentration of 80 µg/mL of pentoxifylline and 50
µg/mL of caffeine.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of Oral Solution into a 15-mL conical centrifuge tube, and add 9 mL of deionized water.
Mix the sample for 30 s in a vortex mixer, and centrifuge for 30 min. Pipet 50 µL of the
supernatant into a separate borosilicate culture tube, dilute with 575 µL of Mobile phase,
and add 625 µL of Internal standard solution to obtain a solution having a nominal
concentration of 80 µg/mL of pentoxifylline and 50 µg/mL of caffeine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention times for caffeine and pentoxifylline are about 4.4 and 9.3 min,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.2% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pentoxifylline (C13 H18 N4 O3 ) in the
portion of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
internal standard ratio (peak response of pentoxifylline/peak response of caffeine) from
R=
U the Sample solution
internal standard ratio (peak response of pentoxifylline/peak response of caffeine) from
R=
S the Standard solution
C=
S concentration of pentoxifylline in the Standard solution (µg/mL)
C=
U nominal concentration of pentoxifylline in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.9–7.3

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the

PF 37(1): Jan.-Feb. 2011

74

Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Pentoxifylline RS

11

USP35

BRIEFING
Phenobarbital Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm packing
L1. USP has received data indicating that the Spherisorb ODS-2 column is suitable. The
typical retention time for phenobarbital is about 6.8 min.
(CMP: R. Schnatz.)
Correspondence Number—C85764

Comment deadline: March 31, 2011
Add the following:
Phenobarbital Oral Suspension
DEFINITION
Phenobarbital Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
phenobarbital (C12 H12 N2 O3 ).
Prepare Phenobarbital Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding
—Nonsterile Preparations 795 ):
Phenobarbital
1g
Vehicle: a mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder with a
pestle or use Phenobarbital powder. Add the Vehicle in small portions and triturate to make a
smooth paste. Add increasing volumes of the Vehicle to make a phenobarbital liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (30:70). Adjust with dilute sulfuric acid to a pH of
3.0.
Standard stock solution: 0.4 mg/mL of USP Phenobarbital RS in Mobile phase
Standard solution: 20 µg/mL of phenobarbital from Standard stock solution in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.4 mL
of Oral Suspension into a 200-mL volumetric flask, dilute with Mobile phase to volume, and
centrifuge to obtain a solution having a nominal concentration of 20 µg/mL of
phenobarbital.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 60
Flow rate: 1.0 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
[NOTE—The retention time for phenobarbital is about 6.8 min.]
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenobarbital (C12 H12 N2 O3 ) in the
volume of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of phenobarbital in the Standard solution (µg/mL)
C=
U nominal concentration of phenobarbital in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 115 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Phenobarbital RS

11 :

USP35

BRIEFING
Primaquine Phosphate, USP 32 page 3381. On the basis of supporting validation data, the
following revisions are proposed:
1.
Revise the HPLC procedure in the Assay for better resolution between the primaquine
and primaquine related compound A peaks. The typical retention time for primaquine
is about 11 min. The analysis is performed with a Phenomenex Luna (2) C8 3-µm
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brand of L7 column.
2.
Add a test for Organic Impurities based on the HPLC procedure used in the Assay.
(SM1: L. Santos.)
Correspondence Number—C69817

Comment deadline: March 31, 2011
Primaquine Phosphate

C15 H21 N3 O·2H3 PO4

455.34

1,4-Pentanediamine, N4-(6-methoxy-8-quinolinyl)-, (±)-, phosphate (1:2).
(±)-8-[(4-Amino-1-methylbutyl)amino]-6-methoxyquinoline phosphate (1:2)

[63-45-6].

DEFINITION
Primaquine Phosphate contains NLT 98.0% and NMT 102.0% of C15 H21 N3 O·2H3 PO4 , calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K : Meets the requirements
• B. The residue obtained by ignition meets the requirements of the test for Pyrophosphate as
described under Identification Tests—General 191 , Phosphate.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Dissolve 960 mg of sodium 1-pentanesulfonate in 400 mL of water and 1 mL of
glacial acetic acid.
Mobile phase: Methanol and Solution A (3:2)
Standard solution: 0.2 mg/mL of USP Primaquine Hydrochloride RS in Mobile phase
System suitability solution: 2 µg/mL of 8-amino-6-methoxyquinoline in Standard solution
Sample solution: 0.2 mg/mL of Primaquine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 264 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
Temperature: 30
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Flow rate: 0.6 mL/min
Injection size: 5 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution 1: NLT 5.0 between primaquine and 8-amino-6-methoxyquinoline, System
suitability solution
Resolution 2: NLT 2.0 between primaquine and any other peak, System suitability
solution
Tailing: NMT 1.8 for primaquine, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C15 H21 N3 O·2H3 PO4 in the portion of Primaquine Phosphate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Primaquine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
Mobile phase: Acetonitrile, tetrahydrofuran, trifluoroacetic acid, and water (9:1:0.1:90)
Standard solution: 0.4 mg/mL of USP Primaquine Phosphate RS in Mobile phase. [Note
—Sonicate with intermittent shaking to dissolve, if necessary. ]
System suitability stock solution: 0.4 mg/mL of USP Primaquine Related Compound A
RS in Mobile phase
System suitability solution: Transfer 1.0 mL of the System suitability stock solution to
a 10-mL volumetric flask and dilute with Standard solution to volume.
Sensitivity solution: 0.2 µg/mL of USP Primaquine Phosphate RS from the Standard
solution
Sample solution: 0.4 mg/mL in Mobile phase. [Note—Sonicate with intermittent shaking
to dissolve, if necessary. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 75-mm; 3-µm packing L7
Flow rate: 1.5 mL/min
Injection size: 10 µL
Run time: Three times the retention time of primaquine
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.5 between primaquine and primaquine related compound A,
System suitability solution
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Relative standard deviation: NMT 1.0% for primaquine, Standard solution
Signal-to-noise ratio: NLT 10 for the primaquine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of primaquine phosphate (C15 H21 N3 O·2H3 PO4 ) in the portion
of Primaquine Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Primaquine Phosphate RS in the Standard solution (mg/mL)
C=
U concentration of primaquine phosphate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP35

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Standard solution, System suitability solution, Sensitivity solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Primaquine Phosphate taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T peak response of primaquine phosphate from the Sample solution
Acceptance criteria: See Table 1.
[NOTE—Disregard any impurity less than 0.05%.]
Table 1
Name
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
Specified unidentified impurity 0.24
0.20
Specified unidentified impurity 0.29
0.60
a
Primaquine related compound A0.80
2.0
Primaquine
1.0
—
Specified unidentified impurity 1.8
0.30
Any other individual impurities —
0.20
Total impurities
—
3.0
a 8-[(4-Aminopentyl)amino]-6-methoxyquinoline.
USP35
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SPECIFIC TESTS
• Loss on Drying

731 : Dry a sample at 105 for 2 h: it loses NMT 1.0% of its weight.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Primaquine Phosphate RS
USP Primaquine Related Compound A RS
8-[(4-Aminopentyl)amino]-6-methoxyquinoline.
C15 H21 N3 O
259.35 USP35
USP34–NF29 Page 4011
BRIEFING
Primaquine Phosphate Tablets, USP 32 page 3382. On the basis of comments and supporting
validation data, the following changes are proposed:
1.
Replace Identification test B with the HPLC retention time used in the Assay.
2.
Revise the HPLC procedure of the Assay for better resolution between primaquine and
primaquine related compound A peaks. The analysis is performed with a Phenomenex
Luna (2) C8 brand of 3-µm, L7 column. The typical retention time for primaquine is 11
min.
3.
Add an Organic Impurities test based on the HPLC procedure used in the Assay.
4.
Revise the Uniformity of Dosage Units, Procedure for content uniformity based on the
HPLC procedure used in the Assay.
(SM1: L. Santos.)
Correspondence Number—C69818

Comment deadline: March 31, 2011
Primaquine Phosphate Tablets
DEFINITION
Primaquine Phosphate Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of
primaquine phosphate (C15 H21 N3 O·2H3 PO4 ).
IDENTIFICATION
• A.
Sample solution: Digest the equivalent to 25 mg of primaquine phosphate, from a quantity
of finely powdered Tablets, with 10 mL of water for 15 min, and filter.
Analysis: Dilute 0.1 mL of the Sample solution with 1 mL of water, and add 1 drop of gold
chloride TS.
Acceptance criteria: A violet-blue color is produced at once.
Change to read:
• B.
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Sample solution: Digest, equivalent to 25 mg of primaquine phosphate from a quantity of
finely powdered Tablets, with 10 mL of water for 15 min, and filter.
Analysis: To the remainder of Sample solution, add 5 mL of trinitrophenol TS: a yellow
precipitate is formed. Wash the precipitate with cold water, and dry at 105 for 2 h.
Acceptance criteria: The picrate melts between 208 and 215 . [Caution—Picrates may
explode. ]
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP35

ASSAY
Change to read:
• Procedure
Solution A: Dissolve 960 mg of sodium 1-pentanesulfonate in 400 mL of water and 1 mL of
glacial acetic acid.
Mobile phase: Methanol and Solution A (3:2)
Standard solution: 0.2 mg/mL of USP Primaquine Hydrochloride RS in Mobile phase
System suitability solution: 2 µg/mL of 8-amino-6-methoxyquinoline in Standard solution
Sample solution: Equivalent to 0.2 mg/mL of Primaquine Hydrochloride, from powdered
Tablets (NLT 20) in Mobile phase. [Note—Sonicate for about 3 min approximately halfway
through the dilution. Pass the solution through a 0.2-µm polyvinylidene fluoride (PDVF)
membrane filter, discarding the first 5 mL. ]
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 264 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
Temperature: 30
Flow rate: 0.6 mL/min
Injection size: 5 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution 1: NLT 5.0 between primaquine and 8-amino-6-methoxyquinoline, System
suitability solution
Resolution 2: NLT 2.0 between primaquine and any other peak, System suitability
solution
Tailing: NMT 1.8 for primaquine, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled content of C15 H21 N3 O·2H3 PO4 in the portion of
Primaquine Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Primaquine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
Mobile phase: Acetonitrile, tetrahydrofuran, trifluoroacetic acid, and water (9:1:0.1:90)
Standard solution: 0.4 mg/mL of USP Primaquine Phosphate RS in Mobile phase. [Note
—Sonicate with intermittent shaking to dissolve, if necessary. ]
System suitability stock solution: 0.4 mg/mL of USP Primaquine Related Compound A
RS in Mobile phase
System suitability solution: Transfer 1.0 mL of System suitability stock solution to a
10-mL volumetric flask, and dilute with the Standard solution to volume.
Sensitivity solution: 0.2 µg/mL of USP Primaquine Phosphate RS from Standard solution
Sample stock solution: Transfer a quantity of Tablets (NLT 20), accurately counted
and weighed, to a 500-mL volumetric flask. Add 300 mL of Mobile phase, and sonicate
and shake for 15 min. Add 150 mL of Mobile phase, sonicate, and shake for 15 min.
Dilute with Mobile phase to volume, and filter.
Sample solution: 0.4 mg/mL of primaquine phosphate in Mobile phase from the Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 75-mm; 3-µm packing L7
Flow rate: 1.5 mL/min
Injection size: 10 µL
Run time: Three times the retention time of primaquine
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.5 between primaquine phosphate and primaquine related
compound A, System suitability solution
Relative standard deviation: NMT 1.0% for primaquine phosphate, Standard
solution
Signal-to-noise ratio: NLT 10 for the primaquine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of primaquine phosphate (C15 H21 N3 O·2H3 PO4 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Primaquine Phosphate RS in the Standard solution (mg/mL)
C=
U nominal concentration of primaquine phosphate in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0% USP35
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PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Standard solution: USP Primaquine Phosphate RS in Medium in a concentration similar to
the one in the Sample solution.
Sample solution: Pass a portion of the solution under test through an appropriate filter.
Solution A: 961 mg of sodium 1-pentanesulfonate and 1 mL of glacial acetic acid in 400 mL
of water
Mobile phase: Methanol and Solution A (3:2)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the amount of primaquine phosphate (C15 H21 N3 O·2H3 PO4 ) dissolved.
Tolerances: NLT 80% (Q) of the labeled amount of primaquine phosphate
(C15 H21 N3 O·2H3 PO4 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity: Transfer 1 Tablet, previously crushed or finely
powdered, to a 100-mL volumetric flask, add about 60 mL of Mobile phase, mix, and
sonicate for about 3 minutes. Allow to cool, dilute with Mobile phase to volume, and mix.
Pipette 8.0 mL of this solution into a 10-mL volumetric flask, dilute with Mobile phase to
volume, and mix. Pass a portion of the solution through a 0.2-µm polyvinylidene fluoride
(PVDF) membrane filter, discard the first 5 mL, and use the filtrate.
Transfer 1 Tablet to a 50-mL volumetric flask, add about 30 mL of Mobile phase, and
sonicate and shake for 15 min. Add Mobile phase up to the neck of the flask, and sonicate
and shake for additional 15 min. Allow the solution to cool, and dilute with Mobile phase to
volume. Filter a portion of this solution, and dilute 8.0 mL of this filtered solution with
Mobile phase to 10.0 mL. Analyze the solution as directed in the Assay. USP35

IMPURITIES
Add the following:
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Add the following:
• Organic Impurities
Mobile phase, Standard solution, System suitability solution, Sensitivity solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T peak response of primaquine phosphate from the Sample solution
Acceptance criteria: See Table 1.
[NOTE—Disregard any impurity less than 0.05%.]
Name

Table 1
Relative
Retention
Time
0.24
0.29
0.80
1.0
1.8
—
—

Acceptance
Criteria,
NMT (%)
—
0.60
—
—
—
0.20
1.0

Specified unidentified impuritya
Specified unidentified impurity
Primaquine related compound Aa,b
Primaquine
Specified unidentified impuritya
Any other individual impurity
Total impurity
a These process impurities are listed for information only and are not quantified in the drug
product.
b 8-[(4-Aminopentyl)amino]-6-methoxyquinoline.
USP35

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Primaquine Phosphate RS
USP Primaquine Related Compound A RS
8-[(4-Aminopentyl)amino]-6-methoxyquinoline.
C15 H21 N3 O
259.35 USP35
USP34–NF29 Page 4011
BRIEFING
Propylthiouracil Oral Suspension. Because there is no existing USP monograph for this
dosage form, the following new monograph is proposed. The liquid chromatographic
procedure in the Assay is based on analyses performed with a 3.0-mm × 15-cm column that

83
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contains 5-µm packing L1. USP has received data indicating that the Zorbax C18 column is
suitable. The typical retention time for propylthiouracil is about 5.3 min.
(CMP: R. Schnatz.)
Correspondence Number—C86211

Comment deadline: March 31, 2011
Add the following:
Propylthiouracil Oral Suspension
DEFINITION
Propylthiouracil Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
propylthiouracil (C7 H10 N2 OS).
Prepare Propylthiouracil Oral Suspension 5 mg/mL as follows (see Pharmaceutical Compounding
—Nonsterile Preparations
Propylthiouracil

795 ):

Vehicle: a mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF,
(1:1), a sufficient quantity to make

500
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number of tablets in a suitable mortar, and comminute to a fine
powder with a pestle, or use Propylthiouracil powder. Add the Vehicle in small portions, and
triturate to make a smooth paste. Add increasing volumes of the Vehicle to make a
propylthiouracil liquid that is pourable. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final volume, and
mix well.
ASSAY
• Procedure
Mobile phase: 5 mM 1-heptanesulfonic acid, acetic acid (1% v/v), and methanol
(40:45:15). Pass through a nylon 66 filter of 0.45-µm pore size, and degas with helium.
Internal standard solution: 1.0 mg/mL of 6-methyl-2-thiouracil in Mobile phase
Standard stock solution: 1.75 mg/mL of USP Propylthiouracil RS in methanol
Standard solution: Pipet 0.4 mL of the Standard stock solution into a 10-mL volumetric
flask, and add 0.25 mL of the Internal standard solution. Dilute with Mobile phase to
volume to obtain a nominal concentration of 70 µg/mL of propylthiouracil and 25 µg/mL of
6-methyl-2-thiouracil, and centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 2 mL of
Oral Suspension into a 10-mL volumetric flask, and dilute with methanol to volume to
obtain a concentration of 1 mg/mL. Transfer 0.7 mL of the diluted solution to a 10-mL
volumetric flask, and add 0.25 mL of the Internal standard solution. Dilute with Mobile
phase to volume to obtain a nominal concentration of 70 µg/mL of propylthiouracil and 25
µg/mL of 6-methyl-2-thiouracil, and centrifuge.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 276 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for 6-methyl-2-thiouracil and propylthiouracil are
about 2.1 and 5.3 min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of propylthiouracil (C7 H10 N2 OS) in the
portion of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
internal standard ratio (peak response of propylthiouracil/peak response of 6-methyl-2R=
U thiouracil) from the Sample solution
internal standard ratio (peak response of propylthiouracil/peak response of 6-methyl-2R=
S thiouracil) from the Standard solution
C=
S concentration of propylthiouracil in the Standard solution (µg/mL)
C=
U nominal concentration of propylthiouracil in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or controlled cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature, and NMT 60 days after the date on which it was
compounded, when stored at controlled room temperature
• USP Reference Standards
USP Propylthiouracil RS

11 :

USP35

BRIEFING
Pyrazinamide Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm packing
L7. USP has received data indicating that the Bakerbond C8 column is suitable. The typical
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retention time for pyrazinamide is about 6.2 min.
(CMP: R. Schnatz.)
Correspondence Number—C86214

Comment deadline: March 31, 2011
Add the following:
Pyrazinamide Oral Suspension
DEFINITION
Pyrazinamide Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
pyrazinamide (C5 H5 N3 O).
Prepare Pyrazinamide Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations 795 ):
Pyrazinamide
1g
Vehicle: a mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder, or use
Pyrazinamide powder. Add the Vehicle in small portions, and triturate to make a smooth paste.
Add increasing volumes of the Vehicle to make a pyrazinamide liquid that is pourable. Transfer
the contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of
the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and monobasic sodium phosphate, adjusted with phosphoric
acid (10:90) to a pH of 3.5. Filter and degas.
Standard stock solution: 1.0 mg/mL of USP Pyrazinamide RS in methanol
Standard solution: Pipet 1.0 mL of the Standard stock solution into a 10-mL volumetric
flask, dilute with Mobile phase to volume to obtain a concentration of 0.1 mg/mL, and
pass through a filter of 0.22-µm pore size.
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 10-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet a 0.1-mL sample into a 10-mL volumetric flask, and
dilute with methanol to volume to obtain a solution having a nominal concentration of 0.1
mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.8 mL/min
Injection size: 20 µL
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System suitability
Sample: Standard solution
[NOTE—The retention time for pyrazinamide is about 6.2 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyrazinamide (C5 H5 N3 O) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of pyrazinamide in the Standard solution (µg/mL)
C=
U nominal concentration of pyrazinamide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.4–4.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Pyrazinamide RS

11

USP35

BRIEFING
Pyrimethamine Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 4.6-mm x 15-cm column that contains 5-µm packing L1.
USP has received data indicating that the Prodigy ODS-3 column is suitable. The typical
retention time for pyrimethamine is about 5.9 min.
(CMP: R. Schnatz.)
Correspondence Number—C71159

Comment deadline: March 31, 2011
Add the following:
Pyrimethamine Oral Suspension
DEFINITION
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Pyrimethamine Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
pyrimethamine (C12 H13 ClN4 ).
Prepare Pyrimethamine Oral Suspension 2 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations
Pyrimethamine

795 ):

Vehicle: a mixture of Methylcellulose 1% Solution, and Syrup, NF (1:1), a sufficient
quantity to make

200
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number of tablets in a suitable mortar, and comminute to a fine
powder, or use Pyrimethamine powder. Add approximately 2 mL of the Vehicle, and triturate to
make a smooth paste. Add an additional 10 mL of the Vehicle to the paste, and levigate to form
a suspension. Continue to add sufficient Vehicle until approximately 60% of the final volume has
been achieved. Rinse the mortar and pestle with successive small portions of the Vehicle, and
transfer the contents of the mortar to a calibrated bottle. Add enough of the Vehicle to bring
to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Dissolve 2.46 g of anhydrous sodium acetate in 600 mL of water, add 400
mL of acetonitrile, and pass through a PVDF membrane filter of 0.45-µm pore size.
Diluent: Methanol
Standard solution: 0.20 mg/mL of USP Pyrimethamine RS (previously dried) in methanol
System suitability solution: 0.20 mg/mL each of USP Pyrimethamine RS (previously dried)
and USP Phenacetin RS (previously dried) in methanol
Sample solution: 0.20 mg/mL of pyrimethamine from Oral Suspension in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 10
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—The relative retention time for pyrimethamine is about 5.9 min.]
Suitability requirements
Resolution: NLT 1.5 between the pyrimethamine and phenacetin peaks, System
suitability solution
Tailing factor: NMT 1.5, System suitability solution
Column efficiency: NLT 1000 theoretical plates, System suitability solution
Relative standard deviation: NMT 2.0% for the pyrimethamine peak, Standard
solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyrimethamine (C12 H13 ClN4 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of pyrimethamine from the Sample solution
rS= peak response of pyrimethamine from the Standard solution
C=
S concentration of pyrimethamine in the Standard solution (mg/mL)
C=
U concentration of pyrimethamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 6.6–7.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, protect from light, and
to state the Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled room temperature or controlled cold temperature
• USP Reference Standards
USP Phenacetin RS
USP Pyrimethamine RS

11

USP35

BRIEFING
Rifabutin Oral Suspension. Because there is no existing USP monograph for this dosage form,
a new monograph is proposed. The liquid chromatographic procedure in the Assay is based
on analyses performed with a 4.6-mm × 15-cm column that contains 5-µm packing L7. USP
has received data indicating that the MOS Hypersil C8 column is suitable. The typical
retention time for rifabutin is about 12.1 min.
(CMP: R. Schnatz.)
Correspondence Number—C86199

Comment deadline: March 31, 2011
Add the following:
Rifabutin Oral Suspension
DEFINITION
Rifabutin Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
rifabutin (C46 H62 N4 O11 ).
Prepare Rifabutin Oral Suspension 20 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations

795 ):
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Rifabutin
Vehicle: a mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF,
(1:1), a sufficient quantity to make

2g
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
capsules, empty the required number in a suitable mortar, and comminute to a fine powder, or
use Rifabutin powder. Add the Vehicle in small portions, and triturate to make a smooth paste.
Add increasing volumes of the Vehicle to make a rifabutin liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 100 mM monobasic potassium phosphate buffer. Adjust with
2 N sodium hydroxide (50:50) to a pH of 6.5, filter, and degas.
Standard solution: 0.2 mg/mL of USP Rifabutin Hydrochloride RS in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Weigh a
Pasteur pipette and a 100-mL volumetric flask. Withdraw 1.0 mL of Oral Suspension, and
wipe the outside of the Pasteur pipette. Place the Pasteur pipette and its contents into
the volumetric flask, and determine the weight of the sample. Immediately wash the
pipette with 10 mL of acetonitrile and 10 mL of Mobile phase, and remove with tweezers.
Dilute with Mobile phase to volume to obtain a solution with a nominal concentration of
0.2 mg/mL of rifabutin. Pass through a filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for the rifabutin is about 12.1 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rifabutin (C46 H62 N4 O11 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of rifabutin in the Standard solution (µg/mL)
C=
U nominal concentration of rifabutin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• pH

791 : 4.79–5.7

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 84 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Rifabutin RS

11

USP35

BRIEFING
Rosiglitazone Maleate. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedures in the test for Organic Impurities and in the Assay, although
different, are both based on analyses performed with the Waters Symmetry C18 brand of L1
column. The typical retention times for rosiglitazone are about 5.3 min in the Assay and
about 23 min in the test for Organic Impurities. The liquid chromatographic procedure in the
test for Content of Maleic Acid is based on analyses performed with the Waters Spherisorb
SAX brand of L14 column. The typical retention time for maleic acid is about 2.4 min.
(SM3-2010: E. Gonikberg.)
Correspondence Number—C89905

Comment deadline: March 31, 2011
Add the following:
Rosiglitazone Maleate

C18 H19 N3 O3 S·C4 H4 O4

473.50

(±)-5-[p-[2-(Methyl-2-pyridylamino)ethoxy]benzyl]-2,4-thiazolidinedione maleate (1:1);
(RS)-5-{[4-({2-[Methyl(2-pyridinyl)amino]ethyl}oxy)phenyl]methyl}-1,3-thiazolidine-2,4-dione
(Z)-2-butenedioate
[155141-29-0].
Rosiglitazone
[122320-73-4].
357.43
DEFINITION
Rosiglitazone Maleate contains NLT 98.0% and NMT 102.0% of C18 H19 N3 O3 S·C4 H4 O4 ,
calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
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• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 5.75 g of phosphoric acid in 800 mL water, adjust with 4 N sodium
hydroxide to a pH of 3.0, and dilute with water to 1 L.
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 0.05 mg/mL of USP Rosiglitazone Maleate RS in Mobile phase
System suitability solution: Transfer 2.5 mg of USP Rosiglitazone Maleate RS and 1 mg of
USP Rosiglitazone Related Compound A RS to a 50-mL volumetric flask, dissolve in 1 mL of
stabilizer-free tetrahydofuran, and dilute with Mobile phase to volume.
Sample solution: 0.05 mg/mL of Rosiglitazone Maleate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: Greater than 2.0 between rosiglitazone and rosiglitazone related compound
A, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rosiglitazone maleate (C18 H19 N3 O3 S·C4 H4 O4 ) in the portion of
Rosiglitazone Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Rosiglitazone Maleate RS in the Standard solution (mg/mL)
C=
U concentration of Rosiglitazaone Maleate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
OTHER COMPONENTS
• Content of Maleic Acid
Buffer: Prepare 0.1 M sodium phosphate buffer as follows: Add 11.5 g of phosphoric acid to
800 mL of water, adjust with 2 N sodium hydroxide to a pH of 3.0, and dilute with water
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to 1 L.
Mobile phase: Methanol and Buffer (50:50)
Diluent: Methanol and water (50:50)
Standard solution: 0.01 mg/mL of USP Maleic Acid RS in Diluent
System suitability solution: 0.1 µg/mL of USP Fumaric Acid RS and 0.04 mg/mL of USP
Rosiglitazone Maleate RS in Diluent
Sample solution: 0.04 mg/mL of Rosiglitazone Maleate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 4.6-mm × 15-cm; 5-µm packing L14
Column temperature: 40
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—The relative retention times for rosiglitazone, maleic acid, and fumaric acid are
0.5, 1.0, and 1.8, respectively.]
Suitability requirements
Resolution: NLT 2.0 between maleic acid and fumaric acid, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of maleic acid in the portion of Rosiglitazone Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of maleic acid from the Sample solution
rS= peak response of maleic acid from the Standard solution
C=
S concentration of USP Maleic Acid RS in the Standard solution (mg/mL)
C=
U concentration of rosiglitazone maleate in the Sample solution (mg/mL)
Acceptance criteria: 23.5%–26.0%
IMPURITIES
• Residue on Ignition,

281 : NMT 0.2%, using an ignition temperature of 800 ± 25

• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities
[NOTE—Protect the System suitability solution and Sample solution from light.]
Buffer 1: Prepare 0.05 M dibasic potassium phosphate buffer as follows: Dissolve 11.4 g of
dibasic potassium phosphate trihydrate in 800 mL of water, adjust with a mixture of
phosphoric acid and water (1:1) to a pH of 7.0, and dilute with water to 1 L.
Solution A: Acetonitrile and Buffer 1 (30:70)
Solution B: Acetonitrile and Buffer 1 (70:30)
Mobile phase: See Table 1 below. Return to original conditions and re-equilibrate the
system.
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Table 1
Time (min) Solution A (%) Solution B (%)
0
100
0
25.0
100
0
50.0
0
100
Buffer 2: Prepare 0.05 M monobasic potassium phosphate buffer by dissolving 6.8 g of
monobasic potassium phosphate in 1 L of water.
Diluent: Acetonitrile and Buffer 2 (30:70)
System suitability solution: 0.5 mg/mL of USP Rosiglitazone Maleate RS in Diluent, using
sonication, if necessary, to dissolve. [Note—USP Rosiglitazone Maleate RS contains
rosiglitazone related compound A as a minor component. ]
Sample solution: 0.5 mg/mL of Rosiglitazone Maleate in Diluent, using sonication, if
necessary, to dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 246 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
[NOTE—Identify the peak due to rosiglitazone related compound A based on its relative
retention time shown in Table 2.]
Suitability requirements
Resolution: NLT 2.0 between rosiglitazone and rosiglitazone related compound A
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of Rosiglitazone Maleate
taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
sum of the peak responses from the Sample solution, except for the peak response of
r=
T maleic acid
Acceptance criteria: See Table 2.
Name

Maleic acid
Impurity 1a
Impurity 2b
Rosiglitazone
Rosiglitazone related compound Ac

Table 2
Relative
Retention
Time
0.09
0.15
0.81
1.0
1.15

Acceptance
Criteria,
NMT (%)
Disregard
0.1
0.5
—
0.5
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Any other individual impurity
—
0.1
Total impurities
—
1.0
a 2-(5-{[4-({2-[Methyl(2-pyridinyl)amino]ethyl}oxy)phenyl]methyl}-2,4-dioxo-1,3thiazolidin-3-yl)butanedioic acid.
b 3-[4-({2-[Methyl(2-pyridinyl)amino]ethyl}oxy)phenyl]propanamide.
c (5Z)-5-{[4-({2-[Methyl(2-pyridinyl)amino]ethyl}oxy)phenyl]methylidene}-1,3thiazolidine-2,4-dione.
SPECIFIC TESTS
• Water Determination, Method 1A 921 : NMT 0.5%
[NOTE—As maleic acid will react with methanol thereby producing water, both titrant and
solvent must be methanol-free.]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
• USP Reference Standards 11
USP Fumaric Acid RS
USP Maleic Acid RS
USP Rosiglitazone Maleate RS
USP Rosiglitazone Related Compound A RS
((5Z)-5-{[4-({2-[methyl(2-pyridinyl)amino]ethyl}oxy) phenyl]methylidene}-1,3thiazolidine-2,4-dione
C18 H17 N3 O3 S
355.41
USP35

BRIEFING
Sildenafil Citrate Oral Suspension. Because there is no existing USP monograph for this
dosage form, a new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 3.0-mm × 15-cm column that contains 5-µm
packing L1. USP has received data indicating that a Zorbax C18 column is suitable. The
typical retention time for sildenafil citrate is about 7.1 min.
(CMP: R. Schnatz.)
Correspondence Number—C86200

Comment deadline: March 31, 2011
Add the following:
Sildenafil Citrate Oral Suspension
DEFINITION
Sildenafil Citrate Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount
of sildenafil citrate (C22 H30 N6 O4 S·C6 H8 O7 ).
Prepare Sildenafil Citrate Oral Suspension 2.5 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations

795 ):
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Sildenafil Citrate
Vehicle: a mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF
(1:1), a sufficient quantity to make

250
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder with a
pestle or use Sildenafil Citrate powder. Add the Vehicle in small portions and triturate to make a
smooth paste. Add increasing volumes of the Vehicle to make a sildenafil citrate liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of 0.2 M ammonium acetate and acetonitrile (50:50).
Pass through a nylon 66 filter of 0.45-µm pore size, and degas with helium.
Standard stock solution: 1.0 mg/mL of sildenafil citrate in methanol. [Note—The Standard
solutions should be prepared from the appropriate reference material. ]
Standard solution: Pipet 1.0 mL of the Standard stock solution into a 10-mL volumetric
flask, dilute with Mobile phase to volume to obtain a solution having a nominal
concentration of 0.1 mg/mL of sildenafil citrate, and centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 4.0 mL
of Oral Suspension to a 10-mL volumetric flask, and dilute with methanol to volume. Pipet
1.0 mL of the diluted solution to a 10-mL volumetric flask, further dilute with Mobile phase
to volume to obtain a solution with a nominal concentration of 0.1 mg/mL of sildenafil
citrate, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 0.5 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for sildenafil citrate is about 7.1 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sildenafil citrate
(C22 H30 N6 O4 S·C6 H8 O7 ) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
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rS= peak response of the Standard solution
C=
S concentration of sildenafil citrate in the Standard solution (µg/mL)
C=
U nominal concentration of sildenafil citrate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.9–4.9

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature USP35
BRIEFING
Sodium Phenylbutyrate Oral Suspension. Because there is no existing USP monograph for
this dosage form, a new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm
packing L1. USP has received data indicating that the Spherisorb ODS-2 column is suitable.
The typical retention time for sodium phenylbutyrate is about 3.0 min.
(CMP: R. Schnatz.)
Correspondence Number—C95239

Comment deadline: March 31, 2011
Add the following:
Sodium Phenylbutyrate Oral Suspension
DEFINITION
Sodium Phenylbutyrate Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of sodium phenylbutyrate (C10 H11 O2 Na).
Prepare Sodium Phenylbutyrate Oral Suspension 200 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Sodium Phenylbutyrate

795 ):

20
g
Vehicle: a mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder with a
pestle, or use an appropriate amount of Sodium Phenylbutyrate powder. Add the Vehicle in
small portions, and triturate to make a smooth paste. Add increasing volumes of the Vehicle to
make a sodium phenylbutyrate liquid that is pourable. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final
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volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 5 mM phosphoric acid (40:60). Filter and degas.
Standard stock solution: 25 mg/mL of Sodium Phenylbutyrate in Mobile phase. [Note—The
Standard solution should be prepared from the appropriate reference material. ]
Standard solution: Pipet 0.4 mL of the Standard stock solution into a 100-mL volumetric
flask. Dilute with Mobile phase to volume to obtain a solution having a nominal
concentration of 0.1 mg/mL of phenylbutyrate, and centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.5 mL
of Oral Suspension into a 100-mL volumetric flask, and dilute with Mobile phase to volume.
Pipet 1.0 mL of the diluted solution into a 10-mL volumetric flask, further dilute with Mobile
phase to volume to obtain a solution having a nominal concentration of 0.1 mg/mL of
sodium phenylbutyrate, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 218 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 60
Flow rate: 1.0 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for sodium phenylbutyrate is about 3.0 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium phenylbutyrate (C10 H11 O2 Na) in
the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of sodium phenylbutyrate in the Standard solution (µg/mL)
C=
U nominal concentration of sodium phenylbutyrate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 7.0–8.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
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room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled room temperature
• USP Reference Standards 11
USP Sodium Phenylbutyrate RS
USP35

BRIEFING
Sotalol Hydrochloride Oral Suspension. Because there is no existing USP monograph for this
dosage form, a new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 3.0-mm × 15-cm column that contains 5-µm
packing L1. USP has received data indicating that the Zorbax C18 column is suitable. The
typical retention time for sotalol is about 5.1 min.
(CMP: R. Schnatz.)
Correspondence Number—C86216

Comment deadline: March 31, 2011
Add the following:
Sotalol Hydrochloride Oral Suspension
DEFINITION
Sotalol Hydrochloride Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of sotalol hydrochloride (C12 H20 N2 O3 S·HCl).
Prepare Sotalol Hydrochloride Oral Suspension 5 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Sotalol Hydrochloride

795 ):

Vehicle: a mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF,
(1:1), a sufficient quantity to make

600
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder with a
pestle or use Sotalol Hydrochloride powder. Add the Vehicle in small portions and triturate to
make a smooth paste. Add increasing volumes of the Vehicle to make a sotalol hydrochloride
liquid that is pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a
calibrated bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 5 mM octanesulfonic acid (25:75). Adjust with hydrochloric
acid to a pH of 3.2. Pass through a nylon 66 filter of 0.45-µm pore size, and degas with
helium.
Standard stock solution: 5.0 mg/mL of USP Sotalol Hydrochloride RS in methanol
Standard solution: Pipet 0.1 mL of the Standard stock solution into a 25-mL volumetric
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flask, dilute with Mobile phase to volume to obtain a solution having a nominal
concentration of 20 µg/mL, and centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.1 mL
of Oral Suspension into a 25-mL volumetric flask. Dilute with Mobile phase to volume to
obtain a solution having a concentration of 20 µg/mL, centrifuge, and pass through a filter
of 0.22-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: Ambient
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
[NOTE—The retention time for sotalol hydrochloride is about 5.1 min.]
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sotalol hydrochloride
(C12 H20 N2 O3 S·HCl) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of sotalol hydrochloride in the Standard solution (µg/mL)
C=
U nominal concentration of sotalol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards 11
USP Sotalol Hydrochloride RS
USP35

BRIEFING

PF 37(1): Jan.-Feb. 2011

101

Spironolactone, USP 32 page 3593. As a part of monograph modernization effort, it is
proposed to eliminate the use of the toxic solvent chloroform in the following tests:
In Identification test A, replace Infrared Absorption

197S

with Infrared Absorption

197K .
Replace the dissolution solvent used in Optical Rotation, Specific Rotation
alcohol. The specifications for Optical Rotation, Specific Rotation
revised in accordance with the solvent used.

781S

781S

with

are also

(SM2: S. Ramakrishna.)
Correspondence Number—C90771

Comment deadline: March 31, 2011
Spironolactone

C24 H32 O4 S

416.57

Pregn-4-ene-21-carboxylic acid, 7-(acetylthio)-17-hydroxy-3- oxo-,
17-Hydroxy-7 -mercapto-3-oxo-17 -pregn-4-ene-21-carboxylic acid
[52-01-7].

-lactone, (7 ,17 )-;
-lactone acetate

DEFINITION
Spironolactone contains NLT 97.0% and NMT 103.0% of C24 H32 O4 S, calculated on the dried
basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption

197S

197K USP35
Sample solution: 1 in 20 solution in chloroform
USP35

• B. Ultraviolet Absorption 197U
Sample solution: 10 µg/mL in methanol
Analytical wavelength: 238 nm
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Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
• C.
Sample solution: Add 100 mg to a mixture of 10 mL of water and 2 mL of 1 N sodium
hydroxide.
Analysis: Boil the mixture for 3 min, cool, and add 1 mL of glacial acetic acid and 1 mL of
lead acetate TS.
Acceptance criteria: A brown-to-black precipitate of lead sulfide is formed.
ASSAY
• Procedure
Mobile phase: Methanol and water (60:40)
Standard solution: 0.5 mg/mL of USP Spironolactone RS in a mixture of acetonitrile and
water (1:1)
Sample solution: 0.5 mg/mL of Spironolactone in a mixture of acetonitrile and water (1:1)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of spironolactone (C24 H32 O4 S) in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Spironolactone RS in the Standard solution (mg/mL)
C=
U concentration of Spironolactone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Limit of Mercapto Compounds
Sample solution: Shake 2.0 g with 30 mL of water, and filter.
Analysis: To 15 mL of the filtrate add 3 mL of starch TS, and titrate with 0.010 N iodine.
Perform a blank determination, and make any necessary correction.
Acceptance criteria: NMT 0.10 mL of 0.010 N iodine is consumed.
• Ordinary Impurities

466
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Standard solution: Chloroform
Test solution: Chloroform
Eluant: Butyl acetate
Visualization: 5
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : Between 198 and 209 , with decomposition.

Occasionally, it may show preliminary melting at about 135 , followed by resolidification.
USP34

Change to read:
• Optical Rotation, Specific Rotation 781S : 33 to
41 to

45

37

USP35

Sample solution: 10 mg/mL in chloroform
alcohol USP35
• Loss on Drying

731 : Dry a sample at 105 for 2 h: it loses NMT 0.5% of its weight.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Spironolactone RS
USP34–NF29 Page 4267

11

BRIEFING
Spironolactone Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm packing
L1. USP has received data indicating that a Bakerbond C18 column is suitable. The typical
retention time for spironolactone is about 5.6 min.
(CMP: R. Schnatz.)
Correspondence Number—C86217

Comment deadline: March 31, 2011
Add the following:
Spironolactone Oral Suspension
DEFINITION
Spironolactone Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
spironolactone (C24 H32 O4 S).
Prepare Spironolactone Oral Suspension 25 mg/mL as follows (see Pharmaceutical Compounding
—Nonsterile Preparations

795 ):
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Spironolactone
Vehicle: a mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral Suspension, NF,
(1:1), a sufficient quantity to make

2.5
g
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder with a
pestle or use Spironolactone powder. Add the Vehicle in small portions and triturate to make a
smooth paste. Add increasing volumes of the Vehicle to make a spironolactone liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of acetonitrile and 20 mM dibasic ammonium phosphate
(55:45). Filter and degas.
Diluent: Prepare a solution of acetonitrile and water (50:50).
Standard stock solution: 1.0 mg/mL of USP Spironolactone RS in Diluent
Standard solution: Pipet 2.5 mL of the Standard stock solution to a 10-mL volumetric flask
and dilute with Diluent to volume to obtain a nominal concentration of 0.25 mg/mL. Pass
through a filter of 0.22-µm pore size.
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric
flask, and dilute with Diluent to volume to obtain a nominal concentration of 0.25 mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for spironolactone is about 5.6 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of spironolactone (C24 H32 O4 S) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
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C=
S concentration of spironolactone in the Standard solution (µg/mL)
C=
U nominal concentration of spironolactone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.2–4.2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Spironolactone RS

11

USP35

BRIEFING
Spironolactone and Hydrochlorothiazide Oral Suspension. Because there is no existing USP
monograph for this dosage form, a new monograph is proposed. The liquid chromatographic
procedure in the Assay is based on analyses performed with a 4.6-mm × 25-cm column that
contains 5-µm packing L1. USP has received data indicating that a Bakerbond C18 column is
suitable. The typical retention times for hydrochlorothiazide and spironolactone are about
3.5 and 7.4 min, respectively.
(CMP: R. Schnatz.)
Correspondence Number—C86219

Comment deadline: March 31, 2011
Add the following:
Spironolactone and Hydrochlorothiazide Oral Suspension
DEFINITION
Spironolactone and Hydrochlorothiazide Oral Suspension contains NLT 90.0% and NMT 110.0%
of the labeled amount of spironolactone (C24 H32 O4 S) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
Prepare Spironolactone 5 mg/mL and Hydrochlorothiazide 5 mg/mL Oral Suspension as follows
(see Pharmaceutical Compounding—Nonsterile Preparations
Spironolactone

795 ):

500
mg
Hydrochlorothiazide
500
mg
Vehicle: a mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle for 100
Oral Suspension, NF, (1:1), a sufficient quantity to make
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
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Spironolactone and Hydrochlorothiazide tablets, place the required number of tablets in a
suitable mortar, and comminute to a fine powder or use Spironolactone and Hydrochlorothiazide
powders. Add the Vehicle in small portions and triturate to make a smooth paste. Add
increasing volumes of the Vehicle to make a spironolactone and hydrochlorothiazide liquid that
is pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of methanol and water (70:30). Filter and degas.
Standard solution: 0.1 mg/mL of USP Spironolactone RS and 0.1 mg/mL of USP
Hydrochlorothiazide RS in methanol
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 50-mL volumetric flask,
dilute with methanol to volume, and centrifuge to obtain a solution with a nominal
concentration of 0.1 mg/mL of each.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for hydrochlorothiazide and spironolactone are about
3.5 and 7.4 min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0% for spironolactone and NMT 2.0% for
hydrochlorothiazide for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of spironolactone (C24 H32 O4 S) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of spironolactone in the Standard solution (µg/mL)
C=
U nominal concentration of spironolactone in the Sample solution (µg/mL)
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in
the portion of Oral Suspension taken by the same formula, changing the terms to refer to
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hydrochlorothiazide.
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards 11
USP Hydrochlorothiazide RS
USP Spironolactone RS
USP35

BRIEFING
Tacrolimus Oral Suspension. Because there is no existing USP monograph for this dosage
form, the following new monograph is being proposed. The liquid chromatographic procedure
in the Assay is based on analyses performed with a 4.6-mm × 25-cm column that contains
5-µm packing L1. USP has received data indicating that a Spheri-5 ODS column is suitable.
The typical retention time for tacrolimus is about 6.4 min.
(CMP: R. Schnatz.)
Correspondence Number—C86201

Comment deadline: March 31, 2011
Add the following:
Tacrolimus Oral Suspension
DEFINITION
Tacrolimus Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
tacrolimus (C44 H69 NO12 ·H2 O).
Prepare Tacrolimus Oral Suspension 0.5 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations 795 ):
Tacrolimus
Vehicle: a mixture of Vehicle for Oral Solution, NF, and Syrup, NF (1:1), a sufficient
quantity to make

50 mg
100
mL

Calculate the quantity of each ingredient required for the total amount to be prepared. Empty
the required number of capsules in a suitable mortar or use Tacrolimus powder. Add the Vehicle
in small portions and triturate to make a smooth paste. Add increasing volumes of the Vehicle
to make a tacrolimus liquid that is pourable. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final volume, and
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mix well.
ASSAY
• Procedure
Mobile phase: Prepare a solution of acetonitrile and deionized distilled water (65:35). Filter
and degas.
Standard stock solution: 0.5 mg/mL of USP Tacrolimus RS in acetonitrile
Standard solution: Pipet 1.0 mL of Standard stock solution into a 10-mL volumetric flask,
and dilute with Mobile phase to volume to obtain a solution having a nominal concentration
of 50 µg/mL of tacrolimus.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of Oral Suspension to a 10-mL volumetric flask, and dilute with Mobile phase to volume to
obtain a solution having a nominal concentration of 50 µg/mL of tacrolimus.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.7 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for tacrolimus is about 6.4 min.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tacrolimus (C44 H69 NO12 ·H2 O) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of tacrolimus in the Standard solution (µg/mL)
C=
U nominal concentration of tacrolimus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.1–5.1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
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• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled room temperature
• USP Reference Standards
USP Tacrolimus RS

11

USP35

BRIEFING
Telmisartan, page R-982 of the First Supplement to USP 33 Reissue. On the basis of
comments received, it is proposed to add a procedure for the Heavy metals test, in
accordance with the validation data.
(SM2: S. Ramakrishna.)
Correspondence Number—C90070

Comment deadline: March 31, 2011
Add the following:
Telmisartan

C33 H30 N4 O2

514.62

[1,1¢-Biphenyl]-2-carboxylic acid, 4¢-[(1,4¢-dimethyl-2¢-propyl[2,6¢-bi-1H-benzimidazol]-1¢yl)methyl-];
4¢-[[4-Methyl-6-(1-methyl-2-benzimidazolyl)-2-propyl-1-benzimidazolyl]methyl]-2biphenylcarboxylic acid
[144701-48-4].
DEFINITION
Telmisartan contains NLT 98.0% and NMT 101.0% of C33 H30 N4 O2 , calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K : If the spectra obtained shows differences, proceed with the
samples prepared as follows. Separately dissolve a quantity of USP Telmisartan RS and the
Telmisartan sample in alcohol. [Note—Heating the solution may be necessary for complete
dissolution. ] Cool the solution in an ice bath, filter the crystals, and dry at 105 .
• B. The retention time of the major peak from the Sample solution corresponds to that from
the Standard solution, as obtained in the test for Organic Impurities.
ASSAY
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• Procedure
(See Titrimetry 541 .)
Sample solution: 190 mg of Telmisartan in 5 mL of anhydrous formic acid. Dilute with 75
mL of acetic anhydride.
Analysis: Titrate with 0.1 M perchloric acid versus a blank determination under the same
conditions. Each mL of 0.1 M perchloric acid is equivalent to 25.73 mg of C33 H30 N4 O2 .
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition

281 : NMT 0.1%. A 1-g sample is used.

Change to read:
• Heavy Metals 231 : NMT 10 ppm
Buffer: Dissolve 25.0 g of ammonium acetate in 25 mL of water, and add 29.7 mL of 32%
hydrochloric acid. Adjust, if necessary, with 7% hydrochloric acid or ammonia solution,
diluted to a pH of 3.5. Dilute with water to 100 mL.
Lead standard stock solution: 1.6 mg/mL of lead nitrate in water to prepare a 1000
ppm solution
Lead standard solution: 10 ppm of lead from the Lead standard stock solution. [Note
—Prepare immediately before use. ]
Phenolphthalein solution: Dissolve 0.1 g of phenolphthalein in 80 mL of alcohol, and
dilute with water to 100 mL.
Thioacetamide solution: Prepare a solution of 40 g/L of thioacetamide in water. To 1
mL of the freshly prepared solution, add 5 mL of a mixture of 85% glycerol, 1 M sodium
hydroxide, and water (4:3:1). Heat in a water bath for 20 s.
Sample solution: Place about 2 g of Telmisartan in a silica crucible along with 4 mL of
magnesium sulfate solution (250 g of magnesium sulfate/L of 10% sulfuric acid). Mix
using a fine glass rod, and evaporate gently to dryness. Progressively heat to ignition in
a muffle furnace, and continue heating until an almost white or a mostly grayish residue
is obtained. Carry out the ignition at a temperature not exceeding 600 . Allow to cool.
Moisten the residue with a few drops of 10% sulfuric acid. Evaporate, ignite again, and
allow to cool. The total period of ignition must not exceed 2 h. Dissolve the residue in
two portions, 5 mL each, of 7% hydrochloric acid. Add 0.1 mL of the Phenolphthalein
solution followed by stronger ammonia water, until a pink color is obtained. Cool, add
glacial acetic acid until the solution is decolorized, and add 0.5 mL in excess. Filter if
necessary, wash the filter, and dilute with water to 20 mL.
Standard solution: Proceed as directed in the Sample solution, using 2 mL of the Lead
standard solution instead of Telmisartan sample. To 10 mL of this solution, add 2 mL of
the Sample solution.
Monitor solution: Proceed as directed in the Sample solution, using 2 g of Telmisartan
sample plus 2 mL of Lead standard solution. To 10 mL of this solution, add 2 mL of the
Sample solution.
Blank solution: To 10 mL of water add 2 mL of the Sample solution.
Analysis
Samples: Sample solution, Standard solution, Blank solution, and Monitor solution
To 12 mL of each of the Standard solution, Sample solution, Blank solution, and
Monitor solution add 2 mL of Buffer, and mix. Add 1.2 mL of the Thioacetamide
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solution, and immediately mix again. Examine the solutions after 2 min.
Acceptance criteria: Any brown color in the Sample solution is not more intense than
that in the Standard solution. [Note—The test is invalid if the Standard solution does
not show a light brown color compared to the Blank solution or if the Monitor solution is
not comparable in color to the Standard solution. ] USP35
• Organic Impurities
[NOTE—Freshly prepare sample solutions and protect from light.]
Solution A: 2.0 g of monobasic potassium phosphate and 3.8 g of sodium 1pentanesulfonate in 1 L of water. Adjust with 1 M phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile and methanol (4:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
2
70
30
27
20
80
32
20
80
32.1
70
30
37
70
30
System suitability solution: Dissolve USP Telmisartan RS and USP Telmisartan Related
Compound B RS in methanol (0.2 mL/mg of USP Telmisartan RS) and 100 µL of 1 M sodium
hydroxide solution. Sonicate to dissolve. The final concentration is 2.5 mg/mL of the USP
Telmisartan RS and 2.5 µg/mL of USP Telmisartan Related Compound B RS in methanol.
Standard solution: Dissolve USP Telmisartan RS in methanol (0.2 mL/mg of USP
Telmisartan RS) and 100 µL of 1 M sodium hydroxide solution. Sonicate to dissolve. The
final concentration is 0.025 mg/mL.
Sample solution: Dissolve Telmisartan in methanol (0.2 mL/mg of Telmisartan) and 100 µL
of 1 M sodium hydroxide solution. Sonicate to dissolve. The final concentration is 2.5
mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 2 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between telmisartan and telmisartan related compound B, System
suitability solution
Tailing factor: Between 0.9–1.5 for telmisartan related compound B, System suitability
solution
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Relative standard deviation: NMT 5.0% for the telmisartan peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Telmisartan taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of telmisartan from the Standard solution
C=
S concentration of USP Telmisartan RS in the Standard solution
C=
U concentration of Telmisartan in the Sample solution
Acceptance criteria: See Table 2. [Note—Calculate the total impurities from the sum of all
impurity peaks greater than or equal to 0.05%. ]

Name
Telmisartan related compound Aa
Telmisartan amideb

Table 2
Relative
Retention
Time
0.3
0.67

Acceptance
Criteria,
NMT (%)
0.1
0.1

Telmisartan related compound Bc
0.9
0.1
Telmisartan diacidd
1.1
0.1
Telmisartan tert -butyl estere
1.7
0.2
Telmisartan unknown impurity
1.8
0.2
Any other individual impurity
—
0.1
Total impurities
—
1.0
a 1,7¢-Dimethyl-2¢-propyl-1H,3¢H-2,5¢-bibenzo[d]imidazole.
b 4¢-[(1,7¢-Dimethyl-2¢-propyl-1H,3¢H-2,5¢-bibenzo[d]imidazol-3¢-yl)methyl]biphenyl-2carboxamide.
c 4¢-[(1,7¢-Dimethyl-2¢-propyl-1H,1¢H-2,5¢-bibenzo[d]imidazol-1¢-yl)methyl]biphenyl-2carboxylic acid.
d 1-[(2¢-Carboxybiphenyl-4-yl)methyl]-4-methyl-2-propyl-1H-benzimidazole-6-carboxylic
acid.
e tert-Butyl 4¢-[(1,7¢-dimethyl-2¢-propyl-1H,3¢H-2,5¢-bibenzo[d]imidazol-3¢yl)methyl]biphenyl-2-carboxylate.
SPECIFIC TESTS
• Loss on Drying
1.5%.

731 : Dry 1.0 g of the sample at 105 to constant weight. It loses NMT

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and protect from light.
• USP Reference Standards 11
USP Telmisartan RS
USP Telmisartan Related Compound B RS
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4¢-[(1,7¢-Dimethyl-2¢-propyl-1H,1¢H-2,5¢-bibenzo[d]imidazol-1¢-yl)methyl]biphenyl-2carboxylic acid.
C33 H30 N4 O2
514.62
1S (USP33)

USP34–NF29 Page 4357
BRIEFING
Temozolomide. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods of analysis. The liquid chromatographic
procedures used in the test for Organic Impurities and in the Assay are based on analyses
performed with a Spherisorb ODS2 brand of L1 column. The typical retention time for
temozolomide is about 9.5 min.
(SM3: F. Mao.)
Correspondence Number—C94168

Comment deadline: March 31, 2011
Add the following:
Temozolomide

C6 H6 N6 O2

194.15

Imidazo[5,1-d]-1,2,3,5-tetrazine-8-carboxamide, 3,4-dihydro-3-methyl-4-oxo-;
3,4-Dihydro-3-methyl-4-oxoimidazo[5,1-d]-as-tetrazine-8-carboxamide.
[85622-93-1].
DEFINITION
Temozolomide contains NLT 98.0% and NMT 102.0% of C6 H6 N6 O2 , calculated on the as-is
basis.
[Caution—Temozolomide is cytotoxic. Great care should be taken to prevent inhaling particles
of Temozolomide and exposure to the skin. ]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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[Note—Shake the solutions containing temozolomide to aid the dissolution. Do not sonicate. ]
• Procedure
Solution A: 0.5% (v/v) of glacial acetic acid in water
Mobile phase: Solution A and methanol (96:4), containing 0.94 g/L of sodium 1hexanesulfonate (0.005 M)
Diluent: Dimethylsulfoxide. [Note—Use a freshly opened bottle. ]
Standard solution: 1.0 mg/mL of USP Temozolomide RS in Diluent
Sample solution: 1.0 mg/mL of Temozolomide in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.5%
Tailing factor: NMT 1.9
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C6 H6 N6 O2 in the portion of Temozolomide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Temozolomide RS in the Standard solution (mg/mL)
C=
U concentration of Temozolomide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% calculated on the as-is basis
IMPURITIES
• Residue on Ignition

281 : NMT 0.1%

• Heavy Metals, Method II 231 : NMT 30 ppm
• Organic Impurities
[NOTE—Shake the solutions containing temozolomide to aid the dissolution. Do not sonicate.]
Mobile phase, Diluent, and Sample solution: Proceed as directed in the Assay.
Standard solution: 2.0 µg/mL each of USP Temozolomide RS and USP Dacarbazine Related
Compound A RS in Diluent
System suitability solution: 0.5 µg/mL each of USP Temozolomide RS and USP
Dacarbazine Related Compound A RS in Diluent, from the Standard solution
Peak identification solution: Mix 5 mL of 0.1 N hydrochloric acid and 5 mL of 1.0 mg/mL of
USP Temozolomide RS in Diluent. Heat the container for 1 h on a steam or boiling water
bath. [Note—The preparation forms 2-azahypoxanthine, temozolomide acid, and
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dacarbazine related compound A. ]
Chromatographic system: Proceed as directed in the Assay, using a run time of NLT 3.2
times the retention time of the temozolomide peak.
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 2.0 between the temozolomide and dacarbazine related compound A
peaks, Standard solution
Relative standard deviation: NMT 10% for both dacarbazine related compound A and
temozolomide peaks, System suitability solution
Analysis
Samples: Sample solution, Standard solution, and Peak identification solution
Inject the Peak identification solution and identify the organic impurities according to the
relative retention times given in Table 1.
Calculate the percentage of dacarbazine related compound A (free base) in the portion of
Temozolomide taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of dacarbazine related compound A from the Sample solution
rS= peak area of dacarbazine related compound A from the Standard solution
CS= concentration of USP Dacarbazine Related Compound A RS in the Standard solution
(mg/mL)
CU= concentration of Temozolomide in the Sample solution (mg/mL)
Mr1
= molecular weight of dacarbazine related compound A (free base), 126.12
Mr2
= molecular weight of dacarbazine related compound A (hydrochloride salt), 162.58
Calculate the percentage of any other individual impurity in the portion of Temozolomide
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of temozolomide from the Standard solution
C=
S concentration of USP Temozolomide RS in the Standard solution (mg/mL)
C=
U concentration of Temozolomide in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 1)
Acceptance criteria: See Table 1. [Note—Disregard any unspecified impurity peaks less
than 0.05%. ]

Name
2-Azahypoxanthinea
Temozolomide related compound Ab
Temozolomide acidc
Temozolomide

Table 1
Relative
Retention
Time
0.42
0.53
0.84
1.0

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.6
0.2
1.0
1.0
—

0.5
0.1
—
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Dacarbazine related compound A (free base)d
1.37
—
0.1
Any unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.8
a 4a,5-Dihydro-4H-imidazo[4,5-d][1,2,3]triazin-4-one.
b 4-Diazo-4H-imidazole-5-carboxamide.
c 3-Methyl-4-oxo-3,4-dihydroimidazo[5,1-d][1,2,3,5]tetrazine-8-carboxylic acid.
d 5-Aminoimidazole-4-carboxamide. It is a free base of dacarbazine related compound A.
SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 0.4%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers and store at room temperature.
• USP Reference Standards 11
USP Temozolomide RS
USP Dacarbazine Related Compound A RS
5-aminoimidazole-4-carboxamide hydrochloride.
C4 H6 N4 O·HCl
162.58
USP35

BRIEFING
Temozolomide Oral Suspension. Because there is no existing USP monograph for this dosage
form, the following new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 4.6-mm × 25-cm column that contains 5-µm
packing L1. USP has received data indicating that a Kromasil C18 column is suitable. The
typical retention time for temozolomide is about 7.9 min.
(CMP: R. Schnatz.)
Correspondence Number—C86202

Comment deadline: March 31, 2011
Add the following:
Temozolomide Oral Suspension
DEFINITION
Temozolomide Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
temozolomide (C6 H6 N6 O2 ).
Prepare Temozolomide Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding
—Nonsterile Preparations
Temozolomide
Povidone K-30, USP
Anhydrous Citric Acid, USP

795 ):
1g
500
mg
25
mg
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Purified Water, USP

1.5
mL
Vehicle: a mixture of Vehicle for Oral Solution, NF (regular or sugar-free), and Vehicle for 100
Oral Suspension, NF (1:1), a sufficient quantity to make
mL
Calculate the required quantity of each ingredient for the total amount to be prepared. Empty
the required number of capsules in a suitable mortar. Add the Povidone K-30 powder to the
mortar, and triturate to a fine powder. Dissolve the Anhydrous Citric Acid in Purified Water. Add
the mixture of Anhydrous Citric Acid and Purified Water to the mortar to wet the powder. Mix
thoroughly to form a uniform paste. Add the Vehicle in small portions, and triturate to make a
smooth mixture. Add increasing volumes of the Vehicle to make a temozolomide liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well. [Note—It is necessary
to wear suitable protective garb and to perform this procedure in a Biologic Safety Cabinet. ]
ASSAY
• Procedure
Buffer: Prepare a solution of 10 mM ammonium phosphate in water adjusted to a pH of
3.25.
Mobile phase: Prepare a solution of Buffer and methanol (88:12). Filter and degas.
Standard stock solution: Transfer 12.5 mg of USP Temozolomide RS, accurately weighed,
to a 25-mL volumetric flask, and dilute with Mobile phase to volume. Transfer the mixture
to centrifuge tubes, and subject to centrifugation at 1,500 × g for 10 min. Pass the
supernatant through a filter of 0.45-µm pore size, into a glass vial.
Standard solution: Pipet 2.0 mL of Standard stock solution into a 10-mL volumetric flask,
and dilute with Mobile phase to volume to obtain a solution with a nominal concentration
of 0.1 mg/mL of temozolomide.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.5 mL
of Oral Suspension to a 10-mL volumetric flask, and dilute with Mobile phase to volume.
Vortex the sample for 30 s, centrifuge for 10 min at 1,500 × g, and pass through a
membrane filter of 0.22-µm pore size. Pass at least 0.5 mL of sample through the filter
before collecting the sample in a vial. Pipet 2.0 mL of solution into a 10-mL volumetric
flask, and dilute with Mobile phase to volume to obtain a solution with a nominal
concentration of 0.1 mg/mL of temozolomide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for temozolomide is about 7.9 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of temozolomide (C6 H6 N6 O2 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of temozolomide in the Standard solution (µg/mL)
C=
U nominal concentration of temozolomide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.5–4.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature
• USP Reference Standards
USP Temozolomide RS

11

USP35

BRIEFING
Tramadol Hydrochloride Oral Suspension. Because there is no existing USP monograph for
this dosage form, the following new monograph is proposed. The liquid chromatographic
procedure in the Assay is based on analyses performed with a 4.6-mm × 25-cm column that
contains 5-µm packing L1. USP has received data indicating that the Spherisorb ODS-2
column is suitable. The typical retention time for tramadol hydrochloride is about 6 min.
(CMP: R. Schnatz.)
Correspondence Number—C86218

Comment deadline: March 31, 2011
Add the following:
Tramadol Hydrochloride Oral Suspension
DEFINITION
Tramadol Hydrochloride Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of tramadol hydrochloride (C16 H25 NO2 ·HCl).
Prepare Tramadol Hydrochloride Oral Suspension 5 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations

795 ):
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Tramadol Hydrochloride
Vehicle: a mixture of Vehicle for Oral Solution, NF (sugar-free) and Vehicle for Oral
Suspension, NF (1:1), a sufficient quantity to make

500
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number of tablets in a suitable mortar, and comminute to a fine
powder, or use Tramadol Hydrochloride powder. Add the Vehicle in small portions, and triturate
to make a smooth paste. Add increasing volumes of the Vehicle to make a tramadol
hydrochloride liquid that is pourable. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final volume, and
mix well.
ASSAY
• Procedure
Solution A: 20 mM of phosphoric acid and 4 g/L of sodium 1-hexane sulfonate
Mobile phase: Acetonitrile and Solution A (50:50). Filter and degas.
Diluent: Acetonitrile and water (50:50)
Standard solution: 250 µg/mL of USP Tramadol Hydrochloride RS in Diluent
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.5 mL
of Oral Suspension into a 10-mL volumetric flask. Dilute with Diluent to volume to obtain a
nominal concentration of 0.25 mg/mL of tramadol hydrochloride, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for tramadol hydrochloride is about 6 min.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tramadol hydrochloride
(C16 H25 NO2 ·HCl) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of tramadol hydrochloride in the Standard solution (µg/mL)
C=
U nominal concentration of tramadol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards 11
USP Tramadol Hydrochloride RS
USP35

BRIEFING
Tramadol Hydrochloride and Acetaminophen Oral Suspension. Because there is no existing
USP monograph for this dosage form, the following new monograph is proposed. The liquid
chromatographic procedure in the Assay is based on analyses performed with a 4.6-mm ×
25-cm column that contains 5-µm packing L1. USP has received data indicating that the
Spherisorb ODS-2 column is suitable. The typical retention times for the tramadol
hydrochloride and acetaminophen peaks are about 6 and about 2 min, respectively.
(CMP: R. Schnatz.)
Correspondence Number—C86212

Comment deadline: March 31, 2011
Add the following:
Tramadol Hydrochloride and Acetaminophen Oral Suspension
DEFINITION
Tramadol Hydrochloride and Acetaminophen Oral Suspension contains NLT 90.0% and NMT
110.0% of the labeled amount of tramadol hydrochloride (C16 H25 NO2 ·HCl) and acetaminophen
(C8 H9 NO2 ).
Prepare Tramadol Hydrochloride Oral Suspension 7.5 mg/mL and Acetaminophen Oral Suspension
65 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations
Tramadol Hydrochloride/Acetaminophen
Vehicle: a mixture of Vehicle for Oral Solution, NF (sugar-free) and Vehicle for Oral
Suspension, NF (1:1), a sufficient quantity to make

795 ):
750/6500
mg
100 mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number of tablets in a suitable mortar, and comminute to a fine
powder, or use Tramadol Hydrochloride and Acetaminophen powders. Add the Vehicle in small
portions, and triturate to make a smooth paste. Add increasing volumes of the Vehicle to make
a tramadol hydrochloride with acetaminophen liquid that is pourable. Transfer the contents of
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the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to
bring to final volume, and mix well.
ASSAY
• Procedure for Tramadol Hydrochloride
Solution A: 20 mM of phosphoric acid and 4 g/L of sodium 1-hexane sulfonate
Mobile phase: Acetonitrile and Solution A (50:50). Filter and degas.
Diluent: Acetonitrile and water (50:50)
Standard solution: 150 µg/mL of USP Tramadol Hydrochloride RS in Diluent
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.5 mL
of Oral Suspension into a 25-mL volumetric flask. Dilute with Diluent to volume to obtain a
nominal concentration of 150 µg/mL of tramadol hydrochloride, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for tramadol hydrochloride is about 6 min.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tramadol hydrochloride
(C16 H25 NO2 ·HCl) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of tramadol hydrochloride in the Standard solution (µg/mL)
C=
U nominal concentration of tramadol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
• Procedure for Acetaminophen
Mobile phase: Acetonitrile and water (70:30). Filter and degas.
Standard solution: 65 µg/mL of USP Acetaminophen RS in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.1 mL
of Oral Suspension into a 100-mL volumetric flask. Dilute with Mobile phase to volume to
obtain a concentration of 65 µg/mL of acetaminophen, and centrifuge.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for acetaminophen is about 2 min.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of acetaminophen (C8 H9 NO2 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of acetaminophen in the Standard solution (µg/mL)
C=
U nominal concentration of acetaminophen in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards 11
USP Acetaminophen RS
USP Tramadol Hydrochloride RS
USP35

BRIEFING
Trandolapril, page 4104 of the Second Supplement to USP 32. As a part of the monograph
modernization effort, it is proposed to replace the current titrimetric Assay procedure with a
stability-indicating, HPLC-based Assay procedure. The proposed procedure is validated using
the Waters X-terra RP 3.5-µm column of L1 packing. The typical retention time for
trandolapril is about 7.2 min. The definition has been revised in accordance with the
sponsor's approved Assay specifications of 98.0%–102.0%, calculated on the anhydrous
basis.
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(SM2: S. Ramakrishna.)
Correspondence Number—C84916

Comment deadline: March 31, 2011
Trandolapril

C24 H34 N2 O5

430.54

1H-Indole-2-carboxylic acid, octahydro N-[(2S)-1-ethoxy-1-oxo-4-phenylbutan-2-yl]-1-alanyl
(2S,3aR,7aS);
(2S,3aR,7aS)-1-[(S)-N-[(S)-1-Carboxy-3-phenylpropyl]alanyl]hexahydro-2-indolinecarboxylic
acid, 1-ethyl ester
[87679-37-6].
DEFINITION
Change to read:
Trandolapril contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% USP35
of C24 H34 N2 O5 , calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K or 197M
• B. It complies with the test for Specific Rotation.
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 300 mg of Trandolapril in 50 mL of glacial acetic acid and mix.
Analysis: Titrate with 0.1 N perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination (see Titrimetry 541 ). Each mL of
0.1 N perchloric acid is equivalent to 43.05 mg of C24 H34 N2 O5 .
Acceptance criteria: 99.0%–101.0% on the anhydrous basis
Buffer: 6.8 g/L of potassium phosphate monobasic in water. Adjust with phosphoric acid
to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (35:65)
Standard stock solution: 0.1 mg/mL of USP Trandolapril RS in Mobile phase
Standard solution: 0.002 mg/mL in Mobile phase from Standard stock solution

PF 37(1): Jan.-Feb. 2011

124

Sample stock solution: 0.08 mg/mL of Trandolapril in Mobile phase
Sample solution: 0.002 mg/mL of Trandolapril in Mobile phase from Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection size: 100 µL
Run time: NLT 5.5 times the retention time of trandolapril
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of trandolapril (C24 H34 N2 O5 ) in the
portion of Trandolapril taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Trandolapril RS in the Standard solution (mg/mL)
C=
U concentration of Trandolapril in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis USP35

IMPURITIES
• Procedure 1: Residue on Ignition 281 : NMT 0.1% from 2.0 g
• Procedure 2
Buffer: 6.8 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
2.5 ± 0.1.
Solution A: Acetonitrile and Buffer (25:75), filtered and degassed
Solution B: Acetonitrile and Buffer (50:50), filtered and degassed
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
20
95
5
35
5
95
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45
5
95
46
95
5
60
95
5
Standard solution: 0.0025 mg/mL of USP Trandolapril RS in Solution A
System suitability solution: 0.05 mg/mL each of USP Trandolapril Related Compound C RS
and USP Trandolapril Related Compound D RS in Solution A
Sample solution: 2.5 mg/mL of Trandolapril in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
Flow rate: 1.3 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4 between trandolapril related compound C and trandolapril related
compound D, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Trandolapril taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of trandolapril from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. [Note—Do not include trandolapril related compound D
in the total impurities. ]

Name
Trandolapril related compound Ca
Trandolapril related compound Db
Unspecified
impurities
Total impurities

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

2.1
2.5

2.2
1.0

0.2
0.5

—
—

1.0
—

0.1
0.5
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a (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-cyclohexylpropyl]-l-alanyl]hexahydro-2indolinecarboxylic acid 1-ethyl ester.
b (S)-Ethyl 2-[(3S,5aS,9aR,10aS)-3-methyl-1,4-dioxodecahydropyrazino[1,2-a]indol2(1H)-yl)]-4-phenylbutanoate.

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample: 0.02 g/mL in dehydrated alcohol
Acceptance criteria:

16.5 to

• Water Determination, Method Ic

18.5 at 20
921 : NMT 0.2% from 2 g

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
temperature.
• USP Reference Standards 11
USP Trandolapril RS
USP Trandolapril Related Compound C RS
(2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-cyclohexylpropyl]-l-alanyl]hexahydro-2indolinecarboxylic acid 1-ethyl ester.
C24 H40 N2 O5
436.58
USP Trandolapril Related Compound D RS
(S)-Ethyl 2-[(3S,5aS,9aR,10aS)-3-methyl-1,4-dioxodecahydropyrazino[1,2-a]indol2(1H)-yl)]-4-phenylbutanoate.
C24 H32 N2 O4
412.52
USP34–NF29 Page 4477
BRIEFING
Ursodiol Oral Suspension. Because there is no existing USP monograph for this dosage form, a
new monograph is proposed. The liquid chromatographic procedure in the Assay is based on
analyses performed with a 4.6-mm × 25-cm column that contains 5-µm packing L1. USP has
received data indicating that the Spherisorb ODS-2 column is suitable. The typical retention
time for ursodiol is about 7 min.
(CMP: R. Schnatz.)
Correspondence Number—C86218

Comment deadline: March 31, 2011
Add the following:
Ursodiol Oral Suspension
DEFINITION
Ursodiol Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
ursodiol (C24 H40 O4 ).
Prepare Ursodiol Oral Suspension 50 mg/mL as follows (see Pharmaceutical Compounding—
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Nonsterile Preparations 795 ):
Ursodiol
Vehicle: a mixture of Vehicle for Oral Solution, NF, (sugar-free) and Vehicle for Oral
Suspension, NF, (1:1), a sufficient quantity to make

5g
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder, or use
Ursodiol powder. Add the Vehicle in small portions, and triturate to make a smooth paste. Add
increasing volumes of the Vehicle to make a ursodiol liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Methanol and aqueous 0.01 M dihydrogen potassium phosphate buffer
(75:25). Adjust with dilute phosphoric acid to a pH of 5.25, filter, and degas.
Standard solution: 1250 µg/mL of USP Ursodiol RS in methanol
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 2.5 mL
of Oral Suspension into a 100-mL volumetric flask. Dilute with Mobile phase to volume to
obtain a nominal concentration of 1250 µg/mL of ursodiol, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 201 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for ursodiol is about 7 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ursodiol (C24 H40 O4 ) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of ursodiol in the Standard solution (µg/mL)
C=
U nominal concentration of ursodiol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature
• USP Reference Standards
USP Ursodiol RS

11

USP35

BRIEFING
Valacyclovir Oral Suspension. Because there is no existing USP monograph for this dosage
form, the following new monograph is proposed. The liquid chromatographic procedure in the
Assay is based on analyses performed with a 3.9-mm × 30-cm column that contains 10-µm
packing L1. USP has received data indicating that the µBondapak C18 column is suitable.
The typical retention time for valacyclovir hydrochloride is about 14 min.
(CMP: R. Schnatz.)
Correspondence Number—C44129

Comment deadline: March 31, 2011
Add the following:
Valacyclovir Oral Suspension
DEFINITION
Valacyclovir Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
valacyclovir (C13 H20 N6 O4 ).
Prepare Valacyclovir Oral Suspension 50 mg/mL as follows (see Pharmaceutical Compounding—
Nonsterile Preparations 795 ):
Valacyclovir (as Hydrochloride)

Vehicle: a mixture of Vehicle for Oral Solution, NF, (regular or sugar-free) and Vehicle
for Oral Suspension, NF (1:1), a sufficient quantity to make

5g
(5.6
g)
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder, or use
Valacyclovir powder. Add the Vehicle in small portions, and triturate to make a smooth paste.
Add increasing volumes of the Vehicle to make a valacyclovir hydrochloride liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume, and mix well.
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ASSAY
• Procedure
Mobile phase: 5.0 mM aqueous sodium acetate and acetonitrile (99:1). Adjust with 6 N
hydrochloric acid to a pH of 3.0. Filter and degas.
Solution A: 5.0 mM sodium acetate, adjusted with hydrochloric acid to a pH of 3.0
Standard solution: 0.2 mg/mL of USP Valacyclovir Hydrochloride RS in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of Oral Suspension into a 250-mL volumetric flask. Dilute with Solution A to volume to
obtain a nominal concentration of 0.2 mg/mL of valacyclovir hydrochloride. Pass the
solution through a suitable filter of 0.22-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Column temperature: Room temperature
Flow rate: 3.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[NOTE—The retention time for valacyclovir hydrochloride is about 14 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valacyclovir hydrochloride
(C13 H21 ClN6 O4 ) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of valacyclovir hydrochloride in the Standard solution (mg/mL)
CU= nominal concentration of valacyclovir hydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of valacyclovir, 324.34
Mr2
= molecular weight of valacyclovir hydrochloride, 360.80
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.2–4.3

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
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• Beyond-Use Date: NMT 14 days after the date on which it was compounded, when stored
at controlled cold temperature
• USP Reference Standards 11
USP Valacyclovir Hydrochloride RS
USP35

BRIEFING
Vincristine Sulfate, USP 32 page 3861. On the basis of comments received, it is proposed to
make the following changes:
1.
The structure of Vincristine Sulfate is added.
2.
The Standard solution, System suitability solution, and Sample solution in the Assay are
revised to allow the use of both the current reference standard, USP Vincristine
Sulfate RS, and a new reference standard, USP Vincristine Sulfate (Assay) RS. USP
Vincristine Sulfate (Assay) RS is lyophilized vincristine sulfate in single-use vials and
is reconstituted for use. Handling the single-use vials reduces contact with the
potent cytotoxic material. The change of concentration is supported by validation.
USP Vincristine Sulfate (Assay) RS is added to the section USP Reference Standards
11 .
3.
The Note under the Suitability requirement in the Assay is deleted because it does not
provide meaningful information.
(SM3: F. Mao.)
Correspondence Number—C83878

Comment deadline: March 31, 2011
Vincristine Sulfate
Change to read:

USP35

C46 H56 N4 O10 ·H2 SO4

923.04

Vincaleukoblastine, 22-oxo-, sulfate (1:1) (salt);
Leurocristine sulfate (1:1) (salt)
[2068-78-2].
DEFINITION
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Vincristine Sulfate contains NLT 95.0% and NMT 105.0% of C46 H56 N4 O10 ·H2 SO4 , calculated on
the dried basis.
[Caution—Handle Vincristine Sulfate with great care because it is a potent cytotoxic agent. ]
IDENTIFICATION
• A. Infrared Absorption

197K

• B. Identification Tests—General, Sulfate
Sample solution: 100 mg/mL

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Solution A: Diethylamine and water (1:59), adjusted with phosphoric acid to a pH of 7.5
Mobile phase: Methanol and Solution A (70:30)
Standard solution: 1 mg/mL
1.2 mg/mL USP35
of USP Vincristine Sulfate RS
or Vincristine Sulfate (Assay) RS

USP35

in water
System suitability solution: 1 mg/mL each of USP Vincristine Sulfate RS and USP
Vinblastine Sulfate RS in water.
1 mg/mL of USP Vinblastine Sulfate RS in Standard solution USP35
Sample solution: 1 mg/mL
1.2 mg/mL USP35
of Vincristine Sulfate in water. Equilibrate a portion of Vincristine Sulfate for 30 min in
ambient humidity. Using another portion of the equilibrated specimen, determine the loss
on drying as directed for USP Vincristine Sulfate RS.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 297 nm
Pre-column: Porous silica gel packing
Guard column: 2- to 5-cm; packing L1
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between vincristine sulfate and vinblastine sulfate, System
suitability solution. [Note—For a particular column, the resolution may be increased by
increasing the proportion of water in the Mobile phase. ]
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USP35

Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vincristine sulfate (C46 H56 N4 O10 ·H2 SO4 ) in the portion of
Vincristine Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the dried basis
IMPURITIES
• Organic Impurities
Solution A: Diethylamine and water (3:197), adjusted with phosphoric acid to a pH of 7.5
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
38
62
12
38
62
27
8
92
29
38
62
34
38
62
Standard solution, System suitability solution, and System suitability: Proceed as
directed in the Assay.
Sample solution A: Proceed as directed for Sample solution in the Assay
Sample solution B: 0.04 mg/mL of Vincristine Sulfate, from Sample solution A, in water
Chromatographic system: Proceed as directed in the Assay, except to use a Flow rate of
2 mL/min and an Injection size of 200 µL.
Analysis
Samples: Sample solution A and Sample solution B
Calculate the percentage of each impurity in the portion of Vincristine Sulfate taken:
Result = [ri/(Sri + 25rv)] × 100
r=
i peak response of each impurity appearing after the solvent peak from Sample solution A
r=
v peak response of vincristine from Sample solution B
Calculate the percentage of total impurities in the portion of Vincristine Sulfate taken:
Result = [Sri/(Sri + 25rv)] × 100

PF 37(1): Jan.-Feb. 2011

133

The terms in the formula are as defined above.
Acceptance criteria
Individual impurities: NMT 1.0%
Total impurities: NMT 4.0%
SPECIFIC TESTS
• pH 791 : 3.5–4.5
Sample solution: 1 mg/mL
• Loss on Drying
(See Thermal Analysis 891 .)
Determine the percentage of volatile substances by thermogravimetric analysis on an
appropriately calibrated instrument, using about 10 mg of Vincristine Sulfate. Heat the
specimen at the rate of 5 /min between ambient temperature and 200 in an atmosphere
of nitrogen at a flow rate of 40 mL/min. From the thermogram, determine the accumulated
loss in weight between ambient temperature and a point on the plateau before
decomposition is indicated (at about 160 ): it loses NMT 12.0% of its weight. [Note—In
this procedure, perform weighings rapidly with minimum exposure of the substances to air.
]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store in a freezer.
Change to read:
• USP Reference Standards 11
USP Vinblastine Sulfate RS. [Note—No Loss on Drying determination is needed for USP
Vinblastine Sulfate RS. ]
USP Vincristine Sulfate RS
USP Vincristine Sulfate (Assay) RS. [Note—It is not intended for use in Identification test A.
] USP35
USP34–NF29 Page 4585
BRIEFING
Vincristine Sulfate Injection, USP 33 Reissue page R-558 and the Interim Revision
Announcement on page 1469 of PF 36(6) [Nov.–Dec. 2010]. On the basis of comments
received, it is proposed to make the following changes:
1.
The Standard solution in Thin-Layer Chromatographic Identification Test 201 and
the Standard solution, System suitability solution, and Sample solution in the Assay
are revised to allow the use of both the current reference standard, USP Vincristine
Sulfate RS, and the new reference standard, USP Vincristine Sulfate (Assay) RS. USP
Vincristine Sulfate (Assay) RS is lyophilized vincristine sulfate in single-use vials and
is reconstituted for use. Handling the single-use vials reduces contact with the
potent cytotoxic material. The change of concentration in the Assay is supported by
validation. USP Vincristine Sulfate (Assay) RS is added to the section USP Reference
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Standards 11 .
2.
Solution C in Organic Impurities is deleted because it is a redundant preparation. It is
covered in the Note after Table 2.
3.
Because the relative retention time is for information only, “± 0.1” is removed from the
relative retention time of N-Desformylvincristine in Table 2.
(SM3: F. Mao.)
Correspondence Number—C96186

Comment deadline: March 31, 2011
Vincristine Sulfate Injection
DEFINITION
Vincristine Sulfate Injection is a sterile solution of Vincristine Sulfate in Water for Injection. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of vincristine sulfate
(C46 H56 N4 O10 ·H2 SO4 ).
[Caution—Handle Vincristine Sulfate Injection with great care because it is a potent cytotoxic
agent. ]
IDENTIFICATION
Change to read:
•
A. Thin-Layer Chromatographic Identification Test

201

USP33

Standard solution: 10 mg/mL of USP Vincristine Sulfate RS
or USP Vincristine Sulfate (Assay) RS USP35
in dichloromethane and methanol (3:1)
Sample solution: Transfer a volume of Injection, equivalent to 2 mg of vincristine sulfate,
to a small centrifuge tube. For each mL of solution add 1 drop of ammonium hydroxide.
Add 0.2 mL of dichloromethane. Place the cap on the tube, shake it vigorously for NLT 1
min, and centrifuge for 1 min. Carefully withdraw the dichloromethane layer, and transfer
to a small stoppered vial.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Fresh ether, methanol, and methylamine solution (2 in 5)
(19:2:1)
Spray reagent: Dissolve 2.0 g of ceric ammonium sulfate in 100 mL of water with heating
and stirring, and slowly add 100 mL of phosphoric acid. Filter if necessary.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatographic plate in a methanol prewash tank; for maximum sensitivity,
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dry it NMT 2 h before use. Score it about 15 cm above the points of application. Apply the
Standard solution and the Sample solution about 2.5 cm from the lower edge of the plate,
and dry thoroughly (a current of cool air may be used to help dry the spots). Place the
plate in the nonequilibrated developing chamber that contains a paper liner around the
back and sides and Developing solvent system to a depth of 2 cm. Remove the plate
when the solvent moves to the scored line (about 80 min), and discard the solvent
system. Dry the plate in a fume hood at room temperature, heat on a metal plate on a
steam bath for 15 min, and spray the plate while still hot with Spray reagent. Continue
heating the plate for 15 min to stabilize the spots.
Acceptance criteria: The RF value and the color of the principal spot from the Sample
solution correspond to those from the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP33
ASSAY
Change to read:
• Procedure
Solution A: Diethylamine and water (1:59). Adjust with phosphoric acid to a pH of 7.5.
Mobile phase: Methanol and Solution A (7:3)
Standard solution: 1 mg/mL
1.2 mg/mL USP35
of USP Vincristine Sulfate RS
or USP Vincristine Sulfate (Assay) RS

USP35

in water
System suitability solution: 1 mg/mL each of USP Vincristine Sulfate RS and USP
Vinblastine Sulfate RS in water
1 mg/mL of USP Vinblastine Sulfate RS in Standard solution USP35
Sample solution: Nominally 1 mg/mL
1.2 mg/mL USP35
from the Injection in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 297 nm
Pre-column: Porous silica gel packing
Guard column: 2- to 5-cm; packing L1
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System suitability solution
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Suitability requirements
Resolution: NLT 4.0 between vincristine sulfate and vinblastine sulfate, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vincristine sulfate
(C46 H56 N4 O10 ·H2 SO4 ) in the portion of the Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Vincristine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of vincristine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Standard solution, System suitability solution, and System suitability: Proceed as
directed in the Assay.
Solution A: Diethylamine and water (3:197). Adjust with phosphoric acid to a pH of 7.5.
Solution B: Methanol
Solution C: Prepare a suitable dilution of any preservative present in the Injection, as
identified in the labeling.
USP35

Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
38
62
12
38
62
27
8
92
29
38
62
34
38
62
Sample solution A: 1 mg/mL of vincristine sulfate from the Injection in water
Sample solution B: 0.04 mg/mL in water from Sample solution A
Chromatographic system: Proceed as directed in the Assay, except to use a Flow rate of
2 mL/min and an Injection size of 200 µL.
Analysis
Samples: Solution C,
USP35

Sample solution A and Sample solution B
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Calculate the percentage of each impurity in the portion of Injection taken:
Result = [ri/(Sri + 25rv)] × 100
r=
i peak response of each impurity from Sample solution A
r=
v peak response of vincristine from Sample solution B
Calculate the percentage of total impurities in the portion of Injection taken:
Result = [(Sri/(Sri + 25rv)] × 100
The terms in the formula are as defined above.
Acceptance criteria: See Table 2.

Name
Vincristine
N-Desformylvincristine

Table 2
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
1.4 ± 0.1
3.0
USP35

Any other individual impurity—
2.0
Total impurities
—
6.0
[Note—Make a suitable dilution of any preservative present in the Injection as identified in
the labeling, and determine the retention time. Disregard any peaks at these retention
times for the calculations of Any other individual impurity and Total impurities. ]
SPECIFIC TESTS
• Bacterial Endotoxins Test
sulfate.
• pH

85 : It contains NMT 62.5 USP Endotoxin Units/mg of vincristine

791 : 3.5–5.5

• Sterility Tests

71 : Meets the requirements

• Other Requirements: It meets the requirements under Injections

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant glass containers and store in a
refrigerator.
Change to read:
• Labeling:
The label states: “For Intravenous Use Only—Fatal If Given By Other Routes.”

(IRA 6)

Where labeled as containing more than 2 mg, it must also be labeled as a Pharmacy Bulk
Package (see Injections 1 ). The labeling directs that the drug be dispensed only in
containers enclosed in an overwrap labeled as directed below. When packaged in a
Pharmacy Bulk Package, it is exempt from the requirement under Injections

1

that the
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closure be penetrated only one time after constitution with a suitable sterile transfer
device or dispensing set, when it contains a suitable substance or mixture of substances
to prevent the growth of microorganisms.
When dispensed, the container or syringe (holding the individual dose prepared for
administration to the patient) must be enclosed in an overwrap bearing the statement: “Do
Not Remove Covering Until Moment of Injection.
For Intravenous Use Only—Fatal If Given By Other Routes.” (IRA 6)
Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Vinblastine Sulfate RS. [Note—No loss on drying determination is needed. ]
USP Vincristine Sulfate RS
USP Vincristine Sulfate (Assay) RS

USP35

USP34–NF29 Page 4586
Interim Revision Announcement: USP33–NF28 No. 6 Page 1469
BRIEFING
Vincristine Sulfate for Injection, USP 33 Reissue page R-556, and the Interim Revision
Announcement on page 1470 of PF 36(6) [Nov.–Dec. 2010]. On the basis of comments
received, it is proposed to make the following changes:
1.
The Standard solution in Thin-Layer Chromatographic Identification Test 201 and in
the test for Uniformity of Dosage Units, and the Standard solution, System
suitability solution, and Sample solution in the Assay are revised to allow the use of
both the current reference standard, USP Vincristine Sulfate RS, and the new
reference standard, USP Vincristine Sulfate (Assay) RS. USP Vincristine Sulfate
(Assay) RS is lyophilized vincristine sulfate in single-use vials and is reconstituted for
use. Handling the single-use vials reduces contact with the potent cytotoxic
material. The change of concentration in the Assay is supported by validation. USP
Vincristine Sulfate (Assay) RS is added to the section USP Reference Standards

11

.
2.
The Note under the Suitability requirement in the Assay is deleted because it does not
provide meaningful information.
3.
The concentration for the Standard solution is revised to be consistent with the
concentration for the Sample solution in the test for Uniformity of Dosage Units.
4.
The Absorbance is corrected to Analytical wavelength in the test for Uniformity of
Dosage Units.
(SM3: F. Mao.)
Correspondence Number—C96185

Comment deadline: March 31, 2011
Vincristine Sulfate for Injection
DEFINITION
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Vincristine Sulfate for Injection is a sterile mixture of Vincristine Sulfate with suitable diluents.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of vincristine sulfate
(C46 H56 N4 O10 ·H2 SO4 ).
[Caution—Handle Vincristine Sulfate for Injection with great care because it is a potent
cytotoxic agent. ]
IDENTIFICATION
Change to read:
•
A. Thin-Layer Chromatographic Identification Test

201

USP33

Standard solution: 10 mg/mL of USP Vincristine Sulfate RS
or USP Vincristine Sulfate (Assay) RS USP35
in dichloromethane and methanol (3:1)
Sample stock solution: 25 mg/mL of vincristine sulfate from Injection in water
Sample solution: 10 mg/mL of vincristine sulfate from Sample stock solution in methanol
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Fresh ether, methanol, and methylamine solution (2 in 5)
(19:2:1)
Spray reagent: Dissolve 2.0 g of ceric ammonium sulfate in 100 mL of water with heating
and stirring, and slowly add 100 mL of phosphoric acid. Filter if necessary.
Analysis: Develop the chromatographic plate in a methanol prewash tank; for maximum
sensitivity, dry it NMT 2 h before use. Score it about 15 cm above the points of
application. Apply the Sample solution and the Standard solution at points about 2.5 cm
from the lower edge of the plate, and dry thoroughly (a current of cool air may be used to
help dry the spots). Place the plate in the nonequilibrated developing chamber that
contains a paper liner around the back and sides and Developing solvent system to a
depth of about 2 cm. Remove the plate when the solvent moves to the scored line (about
80 min), and discard the solvent system. Dry the plate in a fume hood at room
temperature, heat on a metal plate on a steam bath for about 15 min, and spray the plate
while still hot with Spray reagent. Continue heating the plate for 15 min to stabilize the
spots.
Acceptance criteria: The RF value and the color of the principal spot from the Sample
solution correspond to those from the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP33
ASSAY
Change to read:
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Change to read:
• Procedure
Solution A: Diethylamine and water (1:59). Adjust with phosphoric acid to a pH of 7.5.
Mobile phase: Methanol and Solution A (70:30)
Standard solution: 1 mg/mL
1.2 mg/mL USP35
of USP Vincristine Sulfate RS
or USP Vincristine Sulfate (Assay) RS
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USP35

in water
System suitability solution: 1 mg/mL each of USP Vincristine Sulfate RS and USP
Vinblastine Sulfate RS in water
1 mg/mL of USP Vinblastine Sulfate RS in Standard solution USP35
Sample solution: 1 mg/mL
1.2 mg/mL USP35
of vincristine sulfate (from the Vincristine Sulfate for Injection) in water. [Note—Shake to
mix. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 297 nm
Pre-column: Porous silica gel packing
Guard column: 2- to 5-cm; packing L1
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between vincristine sulfate and vinblastine sulfate, System
suitability solution [Note—For a particular column, the resolution may be increased by
increasing the proportion of water in the Mobile phase. ]
USP35

Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vincristine sulfate
(C46 H56 N4 O10 ·H2 SO4 ) in the portion of Vincristine Sulfate for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Vincristine Sulfate RS in the Standard solution (mg/mL)
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C=
U nominal concentration of vincristine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Uniformity of Dosage Units, Content Uniformity 905
Buffer solution: Dissolve 6.3 g of ammonium formate in about 900 mL of water, adjust with
formic acid to a pH of 5.0 while stirring, and dilute with water to 1000 mL.
Standard solution: 40 µg/mL
Between 40 and 50 µg/mL USP35
of USP Vincristine Sulfate RS
or USP Vincristine Sulfate (Assay) RS

USP35

in Buffer solution
Sample solution: Between 40 and 50 µg/mL of vincristine sulfate in Buffer solution. [Note
—Dissolve the contents of 1 container of Vincristine Sulfate for Injection in a suitable
volume of Buffer solution. ]
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV
Cell: 1 cm
Absorbance:
Analytical wavelength: USP35

851 .)

262 nm
Blank: Buffer solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in mg, of vincristine sulfate (C46 H56 N4 O10 ·H2 SO4 ) in the container
of Vincristine Sulfate for Injection taken:
Result = (AU/AS) × CS × V × F
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Vincristine Sulfate RS in the Standard solution (µg/mL)
V= final volume of the Sample solution
F= unit conversion factor, 0.001 mg/µg
Acceptance criteria: Meets the requirements for solids
IMPURITIES
• Organic Impurities
Solution A: Diethylamine and water (3:197). Adjust with phosphoric acid to a pH of 7.5.
Solution B: Methanol
Mobile phase: See Table 1.
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
38
62
12
38
62
27
8
92
29
38
62
34
38
62
Standard solution, System suitability solution, and System suitability: Proceed as
directed in the Assay.
Sample solution A: 1 mg/mL of vincristine sulfate from Vincristine Sulfate for Injection in
water
Sample solution B: 0.04 mg/mL of vincristine sulfate from Sample solution A
Chromatographic system: Proceed as directed in the Assay, except to use a Flow rate of
2 mL/min and an Injection size of 200 µL.
Analysis
Samples: Sample solution A and Sample solution B
Calculate the percentage of each impurity in the portion of Vincristine Sulfate for Injection
taken:
Result = [ri/(Sri + 25rv)] × 100
r=
i peak response of each impurity appearing after the solvent peak from Sample solution A
r=
v peak response of vincristine from Sample solution B
Calculate the percentage of total impurities in the portion of Vincristine Sulfate for
Injection taken:
Result = [Sri/(Sri + 25rv)] × 100
The terms in the formula are as defined above.
Acceptance criteria
Individual impurities: NMT 2.0%
Total impurities: NMT 5.0%
SPECIFIC TESTS
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test
vincristine sulfate.

85 : It contains NMT 100.0 USP Endotoxin Units/mg of

• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.
• Other Requirements: It meets the requirements for Injections

1 ,

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Injections

1 , Containers for Sterile
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Solids, and store in a refrigerator.
Change to read:
• Labeling:
The label states, “For Intravenous Use Only—Fatal If Given By Other Routes”.

(IRA 6)

Where labeled as containing more than 2 mg, it must also be labeled as a Pharmacy Bulk
Package (see Injections 1 ). The labeling directs that the drug be dispensed only in
containers enclosed in an overwrap labeled as directed below. When packaged in a
Pharmacy Bulk Package, it is exempt from the requirement under Injections 1 that the
closure be penetrated only one time after constitution with a suitable sterile transfer
device or dispensing set, when it contains a suitable substance or mixture of substances
to prevent the growth of microorganisms.
When dispensed, the container or syringe (holding the individual dose prepared for
administration to the patient) must be enclosed in an overwrap bearing the statement, “Do
Not Remove Covering Until Moment of Injection.
For Intravenous Use Only—Fatal If Given By Other Routes.” (IRA 6)
• USP Reference Standards 11
USP Endotoxin RS
USP Vinblastine Sulfate RS . [Note—No loss on drying determination is needed for USP
Vinblastine Sulfate RS. ]
USP Vincristine Sulfate RS
USP Vincristine Sulfate (Assay) RS

USP35

USP34–NF29 Page 4587
Interim Revision Announcement: USP33–NF28 No. 6 Page 1470
BRIEFING
Vinorelbine Tartrate, USP 32 page 3863. On the basis of comments received, it is proposed to
make the following changes:
1.
In Identification test B, the Standard solution and the Sample solution from the Assay
procedure are used in place of those from the Organic Impurities procedure, to avoid
the retention time shifts due to the significant difference in concentration of
vinorelbine tartrate.
2.
In the Suitability requirements in the the Assay and in the Organic Impurities
procedure, the parameter for relative retention is replaced with resolution because
resolution is considered adequate for measuring the system suitability.
3.
The chemical names for vinorelbine tartrate and photodegradation product are
corrected. A nickname is added for photodegradation product.
(SM3: F. Mao.)
Correspondence Number—C90915
;
C97099
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Comment deadline: March 31, 2011
Vinorelbine Tartrate
Change to read:

C45 H54 N4 O8 ·2C4 H6 O6

1079.11

C¢-Norvincaleukoblastine,3¢,4¢-didehydro-4¢-deoxy-,[R-(R*,R*)]-2,3-dihydroxybutanedioate
(1:2) (salt);
8¢-Norvincaleukoblastine,3¢,4¢-didehydro-4¢-deoxy-,[R-(R*,R*)]-2,3-dihydroxybutanedioate
(1:2) (salt); USP35

3¢,4¢-Didehydro-4¢-deoxy-8¢-norvincaleukoblastine l-(+)-tartrate (1:2) (salt)

[125317-39-7].

DEFINITION
Vinorelbine Tartrate contains NLT 98.0% and NMT 102.0% of C45 H54 N4 O8 ·2C4 H6 O6 , calculated
on the anhydrous basis.
[Caution—Vinorelbine Tartrate is cytotoxic. Great care should be taken to prevent inhaling
particles and exposing the skin to it. ]
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Dissolve 10 mg in 5 mL of water, add 0.5 mL of 5 N sodium hydroxide, and extract
with 5 mL of methylene chloride. Filter the organic extract through anhydrous sodium
sulfate, and evaporate the organic extract to a volume of about 0.5 mL.
Change to read:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Organic Impurities
Assay. USP35
• C.
Sample solution: Equivalent to 15 mg/mL of tartaric acid in water
Analysis: To 0.1 mL of the Sample solution, add 0.1 mL of 100 mg/mL of potassium
bromide, 0.1 mL of 20 mg/mL of resorcinol, and 3 mL of sulfuric acid. Heat on a hot water
bath for 5–10 min until a dark blue color develops. Allow to cool, and pour the solution into
water.
Acceptance criteria: The color changes to red (presence of tartrate).
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ASSAY
Change to read:
• Procedure
Buffer: Dissolve 6.9 g of monobasic sodium phosphate in 900 mL of water. Adjust with
phosphoric acid to a pH of 4.2, and dilute with water to 1000 mL.
Mobile phase: Dissolve 1.22 g of sodium 1-decanesulfonate in 620 mL of methanol, and
add 380 mL of Buffer.
System suitability solution: Prepare a solution containing 1.4 mg/mL of USP Vinorelbine
Tartrate RS and 0.01 mg/mL of USP Vinorelbine Related Compound A RS in water. Expose a
portion of this solution in a suitable xenon lamp apparatus capable of supplying a dose of
1600 KJ/m2 between 310 and 800 nm at a power of 500 W/m2 for 1 h, in order to
generate an additional photodegradation product 3¢,4¢,7,8-tetradehydro-3,4¢-dideoxy-3,6epoxy-6,7-dihydro-C¢-norvincaleukoblastine
3,6-epoxy vinorelbine. USP35
Standard solution: 1.4 mg/mL of USP Vinorelbine Tartrate RS in Mobile phase
Sample solution: 1.4 mg/mL of Vinorelbine Tartrate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 267 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Relative retention
Resolution: USP35
NLT 1.1
1.5 USP35
between vinorelbine and vinorelbine related compound A, System suitability solution
Relative standard deviation: NLT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vinorelbine tartrate (C45 H54 N4 O8 ·2C4 H6 O6 ) in the portion of
Vinorelbine Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of vinorelbine from the Sample solution
rS= peak response of vinorelbine from the Standard solution
C=
S concentration of USP Vinorelbine Tartrate RS in the Standard solution (mg/mL)
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C=
U concentration of Vinorelbine Tartrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Sample solution, and System
suitability: Proceed as directed in the Assay.
Standard stock solution: Use the Standard solution as prepared in the Assay.
Standard solution: 0.28 µg/mL of vinorelbine tartrate in Mobile phase, from Standard stock
solution
Chromatographic system: Proceed as directed in the Assay, except to use a run time of
NLT three times the retention time of vinorelbine.
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Vinorelbine Tartrate taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria: See Table 1.
[NOTE—Disregard any peaks with an area less than or equal to one-half of the area of the
peak for vinorelbine in the Standard solution.]
Table 1
Name

3,6-Epoxy vinorelbinea
Vinorelbine
Vinorelbine related compound Ab
Any unspecified impurityc
Total Impuritiesd

Relative
Retention
Time
0.8
1.0
1.2
—
—

Acceptance
Criteria,
NMT (%)
0.3
—
0.2
0.2
0.7

a 3¢,4¢,7,8-tetradehydro-3,4¢-dideoxy-3,6-epoxy-6,7-dihydro-C¢-norvincaleukoblastine
3¢,4¢,7,8-Tetradehydro-3,4¢-dideoxy-3,6-epoxy-6,7-dihydro-8¢-norvincaleukoblastine.
USP35

b 4-O-Deacetylvinorelbine.
c Any individual impurity or coeluted impurities comprising an individual peak.
d Excluding 3,6-epoxy vinorelbine.
SPECIFIC TESTS
• Clarity of solution
Sample solution: Equivalent to 10 mg/mL of anhydrous vinorelbine in water from
Vinorelbine Tartrate
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Acceptance criteria: The solution is clear.
• Color of solution
Sample solution: Equivalent to 10 mg/mL of anhydrous vinorelbine in water from
Vinorelbine Tartrate
Analysis: Determine the absorbance of the Sample solution in a 1-cm cell at 420 nm in a
suitable spectrophotometer, using water as the blank.
Acceptance criteria: NMT 0.03
• pH

791 : 3.3–3.8, in a 10 mg/mL solution

• Water Determination, Method Ia

921 : NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store in a freezer.
• USP Reference Standards 11
USP Vinorelbine Tartrate RS
USP Vinorelbine Related Compound A RS
4-O-Deacetylvinorelbine.
C43 H52 N4 O7 ·2C4 H6 O6
1037.07
USP34–NF29 Page 4589
BRIEFING
Vitamin E, USP 32 page 3866. The following revisions are proposed on the basis of monograph
modernization. It is proposed to replace the packed-column GC Assay procedure with a
capillary-column GC Assay procedure. The proposed capillary-column GC procedure for the
Assay is based on analyses performed with the Agilent 30-m × 0.25-mm i.d., fused silica
capillary column bonded with a 0.25-µm film of DB-1 (G2). The typical retention times for
squalane (internal standard), alpha tocopherol, and alpha tocopheryl acetate are 4.8, 10.2,
and 11.3 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C96317

Comment deadline: March 31, 2011
Vitamin E
DEFINITION
Vitamin E is a form of alpha tocopherol (C29 H50 O2 ). It includes the following: d- or dl-alpha
tocopherol (C29 H50 O2 ); d- or dl-alpha tocopheryl acetate (C31 H52 O3 ); d- or dl-alpha
tocopheryl acid succinate (C33 H54 O5 ). It contains NLT 96.0% and NMT 102.0% of C29 H50 O2 ,
C31 H52 O3 , or C33 H54 O5 , respectively.
IDENTIFICATION
• A.
[NOTE—Use low-actinic glassware.]
Sample solutions
Alpha tocopherol: 1 mg/mL in dehydrated alcohol
Alpha tocopheryl acetate: Transfer 220 mg of d- or dl-alpha tocopheryl acetate to a
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round-bottom, glass-stoppered, 150-mL flask, and dissolve in 25 mL of dehydrated
alcohol. Add 20 mL of dilute sulfuric acid in alcohol (1 in 7), and reflux in an all-glass
apparatus for 3 h, protected from sunlight. Cool, transfer to a 200-mL volumetric flask,
and add dilute sulfuric acid in alcohol (1 in 72) to volume.
Alpha tocopheryl acid succinate: Transfer an amount of the sample, equivalent to 200
mg of alpha tocopherol, to a round-bottom, glass-stoppered, 250-mL flask, dissolve in
50 mL of dehydrated alcohol, and reflux for 1 min. While the solution is boiling, add,
through the condenser, 1 g of potassium hydroxide pellets, one at a time to avoid
overheating.
[Caution—Wear safety goggles. ]
Continue refluxing for 20 min and, without cooling, add 2 mL of hydrochloric acid
dropwise through the condenser.
[NOTE—This technique is essential to prevent oxidative action by air while the sample is in
an alkaline medium.]
Cool, and transfer the contents of the flask to a 500-mL separator, rinsing the flask with
100 mL each of water and of ether, and adding the rinsings to the separator. Shake
vigorously, allow the layers to separate, and collect each of the two layers in individual
separators. Extract the aqueous layer with two 50-mL portions of ether, and add these
extracts to the main ether extract. Wash the combined ether extracts with four 100-mL
portions of water, then evaporate the ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7 or 8 mL remain. Complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in dilute sulfuric acid in alcohol (1 in 72), transfer to a
200-mL volumetric flask, and dilute with the alcoholic sulfuric acid to volume.
Analysis
Sample: Use the appropriate Sample solution.
Add 2 mL of nitric acid with swirling to 10 mL of Sample solution, and heat at about 75
for 15 min.
Acceptance criteria: A bright red or orange color develops.
• B. Optical Rotation 781
Sample solutions
Alpha tocopherol: Dissolve 100 mg of alpha tocopherol in 50 mL of ether.
Alpha tocopheryl acetate: Transfer a volume of sample solution for Alpha tocopheryl
acetate from Identification test A, equivalent to 100 mg of the test article, to a
separator, and add 200 mL of water. Extract first with 75 mL, then with 25 mL, of ether,
and combine the ether extracts in another separator.
Alpha tocopheryl acid succinate: Transfer a volume of sample solution for Alpha
tocopheryl acid succinate from Identification test A, equivalent to 100 mg of the test
article, to a separator, and add 200 mL of water. Extract first with 75 mL, then with 25
mL, of ether, and combine the ether extracts in another separator.
Analysis
Sample: Use the appropriate Sample solution.
To the entire volume of a Sample solution, as prepared above, add 20 mL of a solution
(1 in 10) of potassium ferricyanide in sodium hydroxide solution (1 in 125), and shake for
3 min. Wash the ether solution with four 50-mL portions of water, discard the washings,
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and dry over anhydrous sodium sulfate. Evaporate the dried ether solution on a water
bath under reduced pressure or in an atmosphere of nitrogen until 7–8 mL remain, then
complete the evaporation, removing the last traces of ether without the application of
heat. Immediately dissolve the residue in 5.0 mL of isooctane, and determine the optical
rotation using as c the number of g of total tocopherols, determined in the Assay, in
each 100 mL of solution employed for the test.
Acceptance criteria
d-Isomers: NLT +24
dl-Forms: Show no optical rotation activity
• C. The retention time of the major peak for alpha tocopherol of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Delete the following:
• Alpha Tocopherol
[NOTE—Use low-actinic glassware.]
Internal standard solution: 1 mg/mL of hexadecyl hexadecanoate in n-hexane
Standard solution: 1 mg/mL of the USP Alpha Tocopherol RS in the Internal standard
solution
Sample solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopherol) in the Internal standard
solution
Interference check solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopherol) in n-hexane
System suitability solution: 1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in n-hexane
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 2-m borosilicate glass column packed with 2% to 5% liquid phase G2 on
80- to 100-mesh support S1AB utilizing either a glass-lined sample introduction system
or on-column injection
Temperature
Column: Between 245 and 265 , isothermal
Injection port: 10 higher than the column temperature
Detector: 10 higher than the column temperature
Flow rate: The flow rate of dry carrier gas is adjusted to obtain a hexadecyl
hexadecanoate peak approximately 18–20 min after sample introduction when a 2%
liquid phase column is used, or 30–32 min when a 5% liquid phase column is used.
Injection size: 2–5 µL
[Note—Chromatograms obtained exhibit relative retention times for alpha tocopherol, alpha
tocopherol acetate, and hexadecyl hexadecanoate of approximately 0.53, 0.62, and 1.0
respectively ]
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.0 between alpha tocopherol and alpha tocopheryl acetate peaks
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Interference check
Samples: Interference check solution and Internal standard solution
Chromatograph the Interference check solution to obtain a chromatogram in which the
principal peak exhibits NLT 50% of maximum recorder response. Similarly chromatograph
the Internal standard solution. If a peak observed in the Interference check solution
has the same retention time as that for hexadecyl hexadecanoate, make any necessary
correction for factors of dilution or attenuation, and determine the area due to the
interfering component that must be subtracted from the area of the internal standard
peak appearing in the Sample solution.
Calibration
Sample: Standard solution
Perform replicate injections and calculate the average of the relative response factor, F:
F = (rS/rD)(CD/CS)
rS= peak area of alpha tocopherol
rD= peak area of hexadecyl hexadecanoate
CD= concentration of hexadecyl hexadecanoate (mg/mL)
CS= concentration of USP Alpha Tocopherol RS (mg/mL)
Acceptance criteria: The relave standard deviation for F is NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alpha tocopherol in the portion of Vitamin E taken:
Result = (rU /rD) × [CD/(F × CU )] × 100
rU= peak area of alpha tocopherol
rD= peak area of hexadecyl hexadecanoate
CD= concentration of hexadecyl hexadecanoate in the Standard solution (mg/mL)
CU= concentration of Vitamin E in the Sample solution (mg/mL)
F= average relative response factor as determined in the Calibration
Acceptance criteria: 96.0%–102.0% USP35
Delete the following:
• Alpha Tocopheryl Acetate
[NOTE—Use low-actinic glassware.]
Internal standard solution, System suitability solution, and chromatographic
system: Proceed as directed in the Assay for Alpha Tocopherol.
[Note—Chromatograms obtained exhibit relative retention times for alpha tocopherol, alpha
tocopherol acetate, and hexadecyl hexadecanoate of approximately 0.53, 0.62, and 1.0
respectively, Sample solution ]
Standard solution: 1 mg/mL of the USP Alpha Tocopheryl Acetate RS in Internal standard
solution
Sample solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopheryl acetate) in the Internal
standard solution
Interference check solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopheryl acetate) in
n-hexane
System suitability
Sample: System suitability solution
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Suitability requirements
Resolution: NLT 1.0 between alpha tocopherol and alpha tocopheryl acetate peaks
Interference check
Samples: Interference check solution and Internal standard solution
Chromatograph the Interference check solution to obtain a chromatogram in which the
principal peak exhibits NLT 50% of maximum recorder response. Similarly chromatograph
the Internal standard solution. If a peak observed in the Interference check solution
has the same retention time as that for hexadecyl hexadecanoate, make any necessary
correction for factors of dilution or attenuation, and determine the area due to the
interfering component that must be subtracted from the area of the internal standard
peak appearing in the Sample solution.
Calibration
Sample: Standard solution
Perform replicate injections and calculate the average of the relative response factor, F:
F = (rS/rD)(CD/CS)
rS= peak area of alpha tocopheryl acetate
rD= peak area of hexadecyl hexadecanoate
C=
D concentration of hexadecyl hexadecanoate (mg/mL)
C=
S concentration of USP Alpha Tocopheryl Acetate RS (mg/mL)
Acceptance criteria: The relave standard deviation for F is NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alpha tocopheryl acetate in the portion of Vitamin E taken:
Result = (rU /rD) × [CD/(F × CU )] × 100
rU= peak area of alpha tocopheryl acetate
rD= peak area of hexadecyl hexadecanoate
C=
D concentration of hexadecyl hexadecanoate in the Standard solution (mg/mL)
CU= concentration of Vitamin E in the Sample solution (mg/mL)
F= average relative response factor as determined in the Calibration
Acceptance criteria: 96.0%–102.0% USP35
Delete the following:
• Alpha Tocopheryl Acid Succinate
[NOTE—Use low-actinic glassware.]
Internal standard solution, System suitability solution, and chromatographic
system: Proceed as directed in the Assay for Alpha Tocopherol.
[Note—Chromatograms obtained exhibit relative retention times for alpha tocopherol, alpha
tocopherol acid succinate, alpha tocopherol acetate, and hexadecyl hexadecanoate of
approximately 0.53, 0.54, 0.62, and 1.0 respectively ]
Standard solution: 1 mg/mL of the USP Alpha Tocopheryl Acid Succinate RS in Internal
standard solution
Sample solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopheryl acid succinate) in the
Internal standard solution
Interference check solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopheryl acid
succinate) in n-hexane

PF 37(1): Jan.-Feb. 2011

152

System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.0 between alpha tocopherol and alpha tocopheryl acetate peaks
Interference check
Samples: Interference check solution and Internal standard solution
Chromatograph the Interference check solution to obtain a chromatogram in which the
principal peak exhibits NLT 50% of maximum recorder response. Similarly chromatograph
the Internal standard solution. If a peak observed in the Interference check solution
has the same retention time as that for hexadecyl hexadecanoate, make any necessary
correction for factors of dilution or attenuation, and determine the area due to the
interfering component that must be subtracted from the area of the internal standard
peak appearing in the Sample solution.
Calibration
Sample: Standard solution
Perform replicate injections and calculate the average of the relative response factor, F:
F = (rS/rD)(CD/CS)
rS= peak area of alpha tocopheryl acid succinate
rD= peak area of hexadecyl hexadecanoate
C=
D concentration of hexadecyl hexadecanoate (mg/mL)
CS= concentration of USP Alpha Tocopheryl Acid Succinate RS (mg/mL)
Acceptance criteria: The relave standard deviation for F is NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alpha tocopheryl acid succinate in the portion of Vitamin E
taken:
Result = (rU /rD) × [CD/(F × CU )] × 100
rU= peak area of alpha tocopheryl acid succinate
rD= peak area of hexadecyl hexadecanoate
C=
D concentration of hexadecyl hexadecanoate in the Standard solution (mg/mL)
C=
U concentration Vitamin E in the Sample solution (mg/mL)
F= average of relative response factor as determined in the Calibration
Acceptance criteria: 96.0%–102.0% USP35
Add the following:
• Alpha Tocopherol
[NOTE—Use low-actinic glassware.]
Internal standard solution: 10 mg/mL of squalane in cyclohexane
System suitability solution: 0.1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in cyclohexane
Standard solution: 10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution
Sample solution: 10 mg/mL of Vitamin E (d- or dl-alpha tocopherol) in Internal standard
solution
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: GC
Detector: Flame ionization
Column: 0.25-mm x 30-m fused silica capillary, bonded with a 0.25-µm film of phase G2
Temperature
Column: 280
Injection port: 290
Detector: 290
Carrier gas: Helium
Flow rate: 1 mL/min
Split ratio: 100:1
Injection size: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate, System
suitability solution
Relative standard deviation: NMT 2.0% for ratios of alpha tocopherol to internal
standard peak responses from replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of d- or dl-alpha tocopherol (C29 H50 O2 ) in the portion of
Vitamin E taken:
Result = (RU/RS) × (CS/CU) × 100
ratio of alpha tocopherol peak response to internal standard peak response from the
R=
U Sample solution
ratio of alpha tocopherol peak response to internal standard peak response from the
R=
S Standard solution
C=
S concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
C=
U concentration of Vitamin E in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% of d- or dl-alpha tocopherol (C29 H50 O2 ) USP35
Add the following:
• Alpha Tocopheryl Acetate
[NOTE—Use low-actinic glassware.]
Internal standard solution, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay for Alpha
Tocopherol. For the Standard solution and Sample solution, substitute alpha tocopheryl
acetate for alpha tocopherol and USP Alpha Tocopheryl Acetate RS for USP Alpha
Tocopherol RS.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of d- or dl-alpha tocopheryl acetate (C31 H52 O3 ) in the portion
of Vitamin E taken:
Result = (RU/RS) × (CS/CU) × 100
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ratio of alpha tocopheryl acetate peak response to internal standard peak response
R=
U from the Sample solution
ratio of alpha tocopheryl acetate peak response to internal standard peak response
R=
S from the Standard solution
C=
S concentration of USP Alpha Tocopheryl Acetate RS in the Standard solution (mg/mL)
C=
U concentration of Vitamin E in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% of d- or dl-alpha tocopheryl acetate (C31 H52 O3 )
USP35

Add the following:
• Alpha Tocopheryl Acid Succinate
[NOTE—Use low-actinic glassware.]
Internal standard solution, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay for Alpha
Tocopherol. For the Standard solution and Sample solution, substitute alpha tocopheryl
acid succinate for alpha tocopherol and USP Alpha Tocopheryl Acid Succinate RS for USP
Alpha Tocopherol RS.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of d- or dl-alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Vitamin E taken:
Result = (RU/RS) × (CS/CU) × 100
ratio of alpha tocopheryl acid succinate peak response to internal standard peak
R=
U response from the Sample solution
ratio of alpha tocopheryl acid succinate peak response to internal standard peak
R=
S response from the Standard solution
concentration of USP Alpha Tocopheryl Acid Succinate RS in the Standard solution
C=
S (mg/mL)
C=
U concentration of Vitamin E in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% of d- or dl-alpha tocopheryl acid succinate
(C33 H54 O5 )
USP35

SPECIFIC TESTS
• Acidity
Diluent: Alcohol and ether (1:1), neutralized to phenolphthalein with 0.1 N sodium
hydroxide
Sample: 40 mg
Analysis: Dissolve the Sample in 25 mL of Diluent, add 0.5 mL of phenolphthalein TS, and
titrate with 0.10 N sodium hydroxide until the solution remains faintly pink after shaking for
30 s.
Acceptance criteria: Alpha tocopheryl acid succinate requires 18.0–19.3 mL of 0.10 N
sodium hydroxide; the other forms of Vitamin E require NMT 1.0 mL of 0.10 N sodium
hydroxide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Protect d- or dlalpha tocopherol with a blanket of an inert gas.
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• Labeling: Label Vitamin E to indicate the chemical form and to indicate whether it is the dor the dl-form. The Vitamin E activity may be expressed in terms of the equivalent amount
of d-alpha tocopherol, in mg/g, based on the following relationship between the former USP
Units1 (equal to the former International Units) and mass.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
1 In terms of USP Units, 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units; 1 mg of dl-alpha
tocopheryl acetate = 1 former USP Vitamin E unit; 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former
USP Vitamin E Unit; 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units; 1 mg of d-alpha tocopheryl
acetate = 1.36 former USP Vitamin E Units; and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP
Vitamin E Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91; 1 mg
of d-alpha tocopheryl acid succinate = 0.81; 1 mg of dl-alpha tocopherol = 0.74; 1 mg of dl-alpha tocopheryl
acetate = 0.67; and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

USP34–NF29 Page 4591
BRIEFING
Alpha Lipoic Acid, USP 32 page 1042 and page 4195 of the Second Supplement to USP 32. On
the basis of comments received, the following changes are proposed.
1.
Replace the Solvent buffer with the Mobile phase for the preparation of the Standard
solution and Sample solution in the Assay and Chromatographic Purity, Procedure 1
to address the solubility problem.
2.
Reduce the number of theoretical plates required from 15,000 to 10,000 for the
Chromatographic system in the Assay in order to address difficulties in meeting the
requirement. Add a Diluted standard solution to the System suitability in
Chromatographic Purity, Procedure 1 to address the detection limit.
3.
Add an Identification test for Infrared Absorption.
(DS: H. Dinh.)
Correspondence Number—C93669

Comment deadline: March 31, 2011
Alpha Lipoic Acid

C8 H14 O2 S2

206.33

Thioctic acid;
1,2-Dithiolane-3-pentanoic acid;
1,2-Dithiolane-3-valeric acid
[1077-28-7].
DEFINITION
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Alpha Lipoic Acid contains NLT 99.0% and NMT 101.0% of C8 H14 O2 S2 , calculated on the dried
basis.
IDENTIFICATION
Change to read:
•
A. USP35
The retention time of the peak for alpha lipoic acid of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay.
Add the following:
• B. Infrared Absorption

197K

USP35

ASSAY
Change to read:
• Procedure
Solution A:
Buffer solution:

USP35

0.68 mg/mL of monobasic potassium phosphate
Solution B: 8.3 mL of phosphoric acid in 100 mL of water
USP35

Mobile phase: Methanol, Buffer solution, and acetonitrile (58:46:9). Adjust with
phosphoric acid solution (8.3 in 100) to a pH of 3.0–3.1.
Solvent buffer: Solution A and acetonitrile (1:1). Adjust with phosphoric acid solution (8.3
in 100) to a pH of 3.5–3.7.
USP35

Standard solution: 1.0 mg/mL of USP Alpha Lipoic Acid RS in Solvent buffer
Mobile phase USP35
Sample solution: 1.0 mg/mL of Alpha Lipoic Acid in Solvent buffer
Mobile phase USP35
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 250-mm; packing L1
Column temperature: 35
Flow rate: 1.2 mL/min
Injection size: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Column efficiency: NLT 15,000
10,000 USP35
theoretical plates
Tailing factor: NMT 2 for the alpha lipoic acid peak
Relative standard deviation: NMT 2.0% for alpha lipoic acid
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. Calculate the percentage of C8 H14 O2 S2 in the
portion of Alpha Lipoic Acid taken:
Result = (rU/rS) × (CS/CU) × PS × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Alpha Lipoic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Alpha Lipoic Acid in the Sample solution (mg/mL)
PS= percentage of alpha lipoic acid in USP Alpha Lipoic Acid RS
Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition

281 : Less than 0.1%

• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Chromatographic Purity, Procedure 1
Buffer solution, Mobile phase, Standard solution, Solvent buffer,
USP35

Sample solution, and Chromatographic system: Proceed as directed in the Assay.
Diluted standard solution: Dilute the Standard solution (1 in 1000) with Mobile phase.
System suitability
Sample: Diluted standard solution
Suitability requirements
Relative standard deviation: NMT 10.0%
Signal-to-noise ratio: NLT 10
USP35

Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Alpha Lipoic Acid taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
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r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 2.0%
• Chromatographic Purity, Procedure 2
[Note—Use low actinic glassware ]
Standard solution A: 40.0 mg/mL of USP Alpha Lipoic Acid RS in dimethylformamide
Standard solution B: 20.0 mg/mL of USP Alpha Lipoic Acid RS in dimethylformamide,
prepared from the dilution of Standard solution A
Standard solution C: 10.0 mg/mL of USP Alpha Lipoic Acid RS in dimethylformamide,
prepared from the dilution of Standard solution B
Sample solution: 40.0 mg/mL of Alpha Lipoic Acid in dimethylformamide
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: n-Propyl alcohol, ethyl acetate, water, and 25% ammonia
water (40:40:10:5). Allow the chamber to become saturated for at least 1 h.
Iodine vapor saturated chamber: Transfer 4 g of iodine crystals to a small watch
glass, and place into the chromatography chamber. Allow the chamber to become
saturated for at least 2 h.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Proceed as directed in the chapter, except develop the chromatogram until the solvent
front has moved 10 cm. Remove the plate, and allow to air-dry until the ammonia
disappears completely. Heat at 50 for 20 min, cool the plate, and place in the Iodine
vapor saturated chamber until the spots are visible. The RF value for the alpha lipoic
acid spot is between 0.25 and 0.30 and for the polymeric lipoic acid spot is 0.
Acceptance criteria: No spot other than the alpha lipoic acid spot from the Sample
solution is more intense than the spot at RF = 0 from Standard solution A.
SPECIFIC TESTS
• Melting Range or Temperature

741 : 60.0 –62.0

• Optical Rotation, Specific Rotation 781S : –1.0 to +1.0
Sample solution: 50 mg/mL of Alpha Lipoic Acid, in dehydrated alcohol
• Loss on Drying
weight.

731 : Dry a sample in a vacuum at 40 for 3 h: it loses NMT 0.2% of its

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Alpha Lipoic Acid RS
1,2-Dithiolane-3-pentanoic acid.
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USP34–NF29 Page 1186
BRIEFING
Lactobionic Acid. On the basis of comments received, it is proposed to revise the Assay to
clarify the procedure for the use of the two equivalence points, and to reference the
general chapter Titrimetry 541 . Additionally, the concentration of the titrant in the
Assay will be revised from molarity (M) to normality (N) to align with USP's general practice.
Interested parties are encouraged to comment on the proposal.
(EXC: R. Lafaver.)
Correspondence Number—C94703

Comment deadline: March 31, 2011
Add the following:
Lactobionic Acid
C12 H22 O12 (acid form)
[96-82-2].

C12 H20 O11 ( -lactone)
[5965-65-1].

358.3

340.3

4-O- -galactopyranosyl-d-gluconic acid.
DEFINITION
Lactobionic Acid is a mixture in variable proportions of 4-O- -d-galactopyranosyl-d-gluconic
acid and 4-O- -d-galactopyranosyl-d-glucono-1,5-lactone. It contains NLT 98.0% and NMT
102.0%, on the anhydrous basis.
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IDENTIFICATION
• A. Infrared Absorption

197K : [Note—If the spectra obtained show differences, dissolve

the test substance and USP Lactobionic Acid RS separately in water, dry at 105 , and
record new spectra using the residues. ]
• B. Thin-Layer Chromatography 621
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Sample solution: 10 mg/mL of Lactobionic Acid
Standard solution: 10 mg/mL of USP Lactobionic Acid RS
Developing solvent: Methanol, ethyl acetate, ammonium hydroxide, and water (2:1:1:1)
Application volume: 5 µL
Spray reagent: Slowly add 10 mL of sulfuric acid to about 40 mL of water. Mix, and allow
to cool. Dilute with water to 100 mL, and mix. Add 2.5 g of ammonium molybdate and 1 g
of ceric sulfate, and shake for 15 min to dissolve.
Analysis: Develop the chromatograms until the solvent front has moved about threefourths the length of the plate, and allow to dry. Spray the plate with Spray reagent, and
allow to dry. Repeat two more times, heat at 110 for 15 min, and examine.
Acceptance criteria: The principal spot from the Sample solution is similar in position and
color to the principal spot from the Standard solution.
ASSAY
Change to read:
• Procedure
Sample solution
NF30

: Dissolve
NF30

0.350 g of Lactobionic Acid in 50 mL of carbon dioxide-free water, previously heated to 30
.
NF30

Analysis:
Dissolve the Sample in 50 mL of carbon dioxide-free water, previously heated to 30 .
Immediately titrate with 0.1 M
N NF30
sodium hydroxide and determine the two equivalence points potentiometrically.
(See Titrimetry

541 .)

NF30

Calculate the percentage of lactobionic acid in the portion of Lactobionic Acid taken:
Result = (V1/W) + [(V2

V1)/W] × 100

NF30
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1 mL of 0.1 M sodium hydroxide, equivalent to 35.83 mg of C12 H22 O12 (corresponds to
V=
1
the acid form of lactobionic acid)
W= weight of Lactobionic Acid used in the Sample solution (mg)
= 1 mL of 0.1 M sodium hydroxide, equivalent to 34.03 mg of C12 H20 O11 (corresponds to
V2
the -lactone form)
Each mL of 0.1 N sodium hydroxide consumed to the first equivalency point is equivalent to
35.83 mg of C12 H22 O12 (corresponds to the acid form), and each mL of 0.1 N sodium
hydroxide consumed between the first and second equivalency points is equivalent to
34.03 mg of C12 H20 O11 (corresponds to the

-lactone form).

Calculate the content, expressed as a percentage, of the lactobionic acid as the sum of
both results. NF30
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals 231
Thioacetamide reagent: To 0.2 mL of thioacetamide TS add 1 mL of a mixture of 5 mL of
water, 15 mL of 1 M sodium hydroxide, and 20 mL of glycerin. Heat in a water bath for 20
s. [Note—Prepare immediately before use. ]
Lead nitrate stock solution: Prepare as directed for Special Reagents under Heavy Metals.
Standard solution: On the day of use, dilute 2.0 mL of the Lead nitrate stock solution (10
ppm Pb) in water to 30 mL.
Sample solution: Dissolve 1 g of Lactobionic Acid in water to 30 mL.
Prepare the filtration apparatus by adapting the barrel of a 50-mL syringe without its
piston to a support containing, on the plate, a membrane filter of 3-µm pore size, and
above it a prefilter.
Transfer the Sample solution into the syringe barrel, put the piston in place, and then
apply an even pressure on it until the whole of the liquid has been filtered. When opening
the support and removing the prefilter, check that the membrane filter remains
uncontaminated with impurities. If this is not the case, replace it with another membrane
filter, and repeat the operation under the same conditions.
Analysis: To the prefiltrate, add 2 mL of pH 3.5 Acetate Buffer. Mix, and add 1.2 mL of
thioacetamide reagent. Mix immediately and allow to stand for 10 min, and again filter as
described above, but inverting the order of the filters, the liquid passing first through the
membrane filter before passing through the prefilter. The filtration must be carried out
slowly and uniformly by applying moderate and constant pressure to the piston of the
syringe. After complete filtration, open the support, remove the membrane filter, and dry
using filter paper. In parallel, treat the Standard solution in the same manner as the
Sample solution.
Acceptance criteria: The color of the spot from the Sample solution is not more intense
than that from the Standard solution (NMT 20 ppm).
SPECIFIC TESTS
• Water Determination, Method Ia

921

PF 37(1): Jan.-Feb. 2011

162

Sample solution:
0.50 g in a mixture of methanol and formamide (2:1)
Acceptance criteria: NMT 5.0%
• Appearance of Solution
Sample solution: 120 mg/mL of Lactobionic Acid
Standard stock solution: Pipet 24.0 mL of ferric chloride CS and 6.0 mL of cobaltous
chloride CS into a 100-mL volumetric flask. Dilute with 1% (w/v) hydrochloric acid to
volume.
Reference solution: Pipet 12.5 mL of the Standard stock solution into a 100-mL volumetric
flask. Dilute with 1% (w/v) hydrochloric acid to volume.
Acceptance criteria: The solution is clear and not more intensely colored than the
Reference solution.
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Lactobionic Acid. Allow to stand for 24 h.
Acceptance criteria: +23.0 to +29.0 (anhydrous substance)
• Reducing Sugars
Dissolve 5.0 g of Lactobionic Acid in 25 mL of water with the aid of gentle heat. Cool, and
add 20 mL of cupric citrate TS and a few glass beads. Heat so that boiling begins after 4
min, and maintain boiling for 3 min. Cool rapidly, and add 100 mL of a 2.4% solution of
glacial acetic acid and 20.0 mL of 0.025 M iodine VS.
Analysis: With continuous shaking, add 25 mL of a mixture of 6 mL of hydrochloric acid and
94 mL of water. When the precipitate has dissolved, titrate the excess of iodine with 0.05
M sodium thiosulfate VS using 1 mL of starch TS, added towards the end of the titration,
as an indicator.
Acceptance criteria: NLT 12.8 mL of 0.05 M sodium thiosulfate VS is required,
corresponding to NMT 0.2% of reducing sugars, as glucose.
• Articles of Botanical Origin, Total Ash

561 : NMT 0.2%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Lactobionic Acid RS

11

2S (NF28)

USP34–NF29 Page 1561
BRIEFING
Hydrogenated Starch Hydrolysate, page 136 of PF 35(1) [Jan.–Feb. 2009]. Because of the
serious hazards associated with the use of diethylene glycol–contaminated materials, and in
response to recommendations set forth by FDA in communication with USP [June 2009], USP
proposes to add a new Identification test. Diethylene glycol and ethylene glycol are
considered unacceptable toxic substances, and liquid Hydrogenated Starch Hydrolysate has
been identified as a material at risk for diethylene glycol or ethylene glycol adulteration.
Therefore the testing of Hydrogenated Starch Hydrolysate should demonstrate a level of
NMT 0.10% of each of these toxic substances. On the basis of comments and methods
received, it is proposed to add Identification test C for Limit of Diethylene Glycol and
Ethylene Glycol, specified for liquid products of the article. In addition, it is proposed to add
USP Diethylene Glycol RS and USP Ethylene Glycol RS to the USP Reference Standards

11
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section.
The gas chromatographic procedure in Identification test C is based on analyses performed with
the J & W Scientific DB-1701 brand of G46 column. Typical retention times for ethylene
glycol and diethylene glycol are 1.3 and 3.2 min, respectively.
(EXC: H. Wang.)
Correspondence Number—C77654

Comment deadline: March 31, 2011
Add the following:
Hydrogenated Starch Hydrolysate
Hydrogenated Polysaccharides

C12 H24 O11 (C6 H10 O5 )n
Polyglucitol;
Polyglycitol syrup
[68425-17-2].
DEFINITION
Hydrogenated Starch Hydrolysate is a mixture that contains NLT 50% of hydrogenated
polysaccharides containing more than 3 d-glucopyranosyl units terminated with a d-glucityl
unit, calculated on the anhydrous basis. Other ingredients can include sorbitol, maltitol, and
other sugar polyols.
IDENTIFICATION
• A. It meets the requirements of the test for Content of Maltitol and Sorbitol.
• B. It meets the requirements of the test for Content of Hydrogenated Polysaccharides.
• C. Limit of Diethylene Glycol and Ethylene Glycol
[NOTE—Perform this test for liquid products of Hydrogenated Starch Hydrolysate.]
Diluent: Acetone and water (96:4)
Standard stock solution: 0.5 mg/mL of USP Diethylene Glycol RS and 0.5 mg/mL of USP
Ethylene Glycol RS in Diluent
Internal standard stock solution: 0.5 mg/mL of 1,3-butanediol (internal standard) in
Diluent
Standard solution: 0.04 mg/mL of USP Diethylene Glycol RS, 0.04 mg/mL of USP Ethylene
Glycol RS, and 0.04 mg/mL of 1,3-butanediol (internal standard), in Diluent, prepared
from the Standard stock solution and the Internal standard stock solution
Sample solution: Transfer 1.0 g of Hydrogenated Starch Hydrolysate to a 25-mL
volumetric flask. Add 1.0 mL of water to the flask, and mix on a vortex mixer for 3 min.
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Add 2.0 mL of the Internal standard stock solution, and add the remaining Diluent to the
flask in three equal portions to volume. Mix the contents for about 3 min after each
addition of Diluent. Pass a portion of the supernatant layer through a nylon filter of 0.45µm pore size. Discard the first 2 mL of the filtrate, and collect the rest of the filtrate for
analysis. [Note—Acetone is used to precipitate sugar alcohols. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 15-m fused-silica capillary; 0.25-µm layer of phase G46
Temperature
Detector: 300
Injector port: 240
Column: See Table 1.
Table 1
Initial
Temperature Final
Hold Time at
Temperature
Ramp
Temperature
Final
( )
( /min)
( )
Temperature
(min)
70
—
70
2
70
50
300
5
Carrier gas: Helium
Flow rate: 3.0 mL/min
Injection size: 1.0 µL
Injection type: Split injection. The split ratio is about 10:1. [Note—A general-purpose
split/splitless, taper, glass wool, deactivated liner is used. ]
System suitability
Sample: Standard solution
[NOTE—See Table 2. Relative retention times are provided for information only, and the
standards should be used to ensure appropriate peak identification.]
Table 2
Name
Relative Retention Time
Ethylene glycol
1.0
1,3-Butanediol (internal standard)2.0
Diethylene glycol
2.5
Suitability requirements
Resolution: NLT 15 between ethylene glycol and 1,3-butanediol
Analysis
Samples: Standard solution and Sample solution
Based on the Standard solution, identify the peaks of ethylene glycol, 1,3-butanediol
(internal standard), and diethylene glycol. Compare peak area ratios of ethylene glycol to
the internal standard and of diethylene glycol to the internal standard in the Standard
solution and Sample solution, respectively.
Acceptance criteria
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Diethylene glycol: The peak area ratio of diethylene glycol to the internal standard in
the Sample solution is NMT the peak area ratio of diethylene glycol to the internal
standard in the Standard solution, corresponding to NMT 0.10% of diethylene glycol in
Hydrogenated Starch Hydrolysate.
Ethylene glycol: The peak area ratio of ethylene glycol to the internal standard in the
Sample solution is NMT the peak area ratio of ethylene glycol to the internal standard
in the Standard solution, corresponding to NMT 0.10% of ethylene glycol in
Hydrogenated Starch Hydrolysate.
ASSAY
• Content of Maltitol and Sorbitol
Mobile phase: Degassed water
Standard solution: Dissolve accurately weighed quantities of USP Maltose Monohydrate
RS, USP Maltitol RS, USP Dextrose RS, and USP Sorbitol RS in water to obtain a solution
having known concentrations of about 1.0 mg/mL for each, calculated on the anhydrous
basis.
Sample solution: Transfer a quantity of Hydrogenated Starch Hydrolysate, equivalent to
100 mg on the anhydrous basis, to a 100-mL volumetric flask. Dilute with water to volume,
and mix. Transfer approximately 10 mL of the solution into a separate container, shake the
solution for 30 s, pass through a filter of 0.45-µm or finer pore size into a suitable
autosampler vial, and seal.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.7-mm × 30-cm; packing L58
Temperature
Detector: 40
Column: 80 , controlled within ±2
Flow rate: 0.3 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
[NOTE—See Table 3 for relative retention times.]
Table 3
Name Relative Retention Time
Maltose 0.81
Maltitol 0.84
Dextrose0.94
Sorbitol 1.00
[Note—Sorbitol is the last peak to elute. ]
System suitability requirements
Relative standard deviation: NMT 2.0%, maltitol peak
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each component, maltose (PM1), maltitol (PM2), dextrose (PD),
and sorbitol (PS), in the solid portion of Hydrogenated Starch Hydrolysate taken:
Result = V × (rU/rS) × (C/W) × 100
V= volume of the Sample solution, 100 mL
peak response for the respective component (maltose, maltitol, dextrose, sorbitol) from
r=
U the Sample solution
peak response for the respective component (maltose, maltitol, dextrose, sorbitol) from
r=
S the Standard solution
concentration of the respective component (maltose, maltitol, dextrose, sorbitol) in the
C= Standard
solution (mg/mL)
=
weight
of
Hydrogenated Starch Hydrolysate that was taken to prepare the Sample
W solution (mg),
calculated on the anhydrous basis
Acceptance criteria: Less than 50% of total maltitol and sorbitol and less than 1% of total
maltose and dextrose, on the anhydrous basis
• Content of Hydrogenated Polysaccharides
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
Prepare as directed in the test for Content of Maltitol and Sorbitol.
Analysis
Samples: Standard solution and Sample solution
Inject a volume (about 50 µL) of the Sample solution, and measure all the peak areas.
The elution pattern includes the higher-molecular-weight hydrogenated polysaccharides
containing more than 11 d-glucopyranosyl units, followed by some individual peaks
representing hydrogenated polysaccharides containing NMT 10 d-glucopyranosyl units, if
this hydrogenated species is present. The higher-molecular-weight hydrogenated
polysaccharides containing more than 11 d-glucopyranosyl units can be integrated into
one peak; the relative retention time is about 0.29 relative to the peak of sorbitol. The
relative retention times for hydrogenated polysaccharides containing NMT 10 dglucopyranosyl units are given in Table 4.
Table 4
Hydrogenated Species for
Relative Retention
Degree of Polymerization (DP)
Time
Sorbitol (HDP 1)
1.00
Maltitol (HDP 2)
0.84
Maltotriitol (HDP 3)
0.72
Maltotetraitol (HDP 4)
0.64
Maltopentaitol (HDP 5)
0.58
Maltohexaitol (HDP 6)
0.53
Maltoheptaitol (HDP 7)
0.48
Maltooctaitol (HDP 8)
0.45
Maltononaitol (HDP 9)
0.42
Maltodecaitol (HDP 10)
0.40
Calculate the percentage of hydrogenated polysaccharides containing more than 3 d-
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glucopyranosyl units in the solid portion of Hydrogenated Starch Hydrolysate taken:
Result = (rU/rS) × 100
sum of peak areas of hydrogenated polysaccharides containing more than 3 dr=
U glucopyranosyl units from the Sample solution
r=
S sum of all the peak areas from the Sample solution
Acceptance criteria: NLT 50% of hydrogenated polysaccharides containing more than 3 dglucopyranosyl units, on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.15%, ignition of a quantity of Hydrogenated Starch
Hydrolysate equivalent to 1.0 g of solid, on the anhydrous basis
• Limit of Chloride
Sample solution: Transfer a quantity of Hydrogenated Starch Hydrolysate, equivalent to
25 g on the anhydrous basis, to a beaker, add 100 mL of water, and stir until the
Hydrogenated Starch Hydrolysate is completely dissolved.
Analysis: Add 1.0 mL of potassium chromate indicator solution (1 in 20) to the Sample
solution. Slowly titrate with 0.1 N silver nitrate VS until a reddish-orange color persists.
Calculate the quantity, in µg, of chloride in each g of Hydrogenated Starch Hydrolysate
taken:
Result = (F × Mr × N × V)/W
F= factor converting mg to µg, 103 µg/mg
M=r molar mass of chloride, 35.45
N= exact normality of the silver nitrate solution
V= volume of the silver nitrate solution consumed in the titration (mL)
W= weight of Hydrogenated Starch Hydrolysate taken to prepare the Sample solution (g)
Acceptance criteria: NMT 50 µg/g (ppm) of chloride
• Chloride and Sulfate, Sulfate 221 : 1.0 g of the solid portion of Hydrogenated Starch
Hydrolysate shows no more sulfate than corresponds to 0.10 mL of 0.020 N sulfuric acid:
NMT 100 µg/g (ppm) of sulfate is found.
• Limit of Nickel
[NOTE—When water is specified as the diluent, use deionized ultra-filtered water.]
Digester solution (aqua regia): Add 360 mL of hydrochloric acid and 240 mL of nitric acid
to 1200 mL of water.
Blank solution: Add 40 mL of nitric acid to a 2-L volumetric flask, dilute with water to
volume, and mix well.
Internal standard solution: Transfer 2.0 mL of commercially prepared yttrium reference
standard solution (1000 ppm) to a 1-L volumetric flask, dilute with Blank solution to
volume, and mix well. The Internal standard solution contains 2 µg/mL of yttrium.
Standard stock solution: [Note—Prepare this solution fresh every two months. ]
Quantitatively dilute an accurately measured volume of a commercially prepared nickel ICP
standard (1000 ppm) with Blank solution to obtain a solution containing 10 µg/mL of nickel
(Standard stock solution 10 ppm).
Standard solutions: [Note—Prepare these solutions fresh weekly. ] Separately pipet 1.0
mL, 2.0 mL, and 4.0 mL of Standard stock solution, respectively, into three 200-mL
volumetric flasks. Dilute the content in each flask with Blank solution to volume, and mix
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well. These are, respectively, the Standard nickel solution 50 ppb, Standard stock solution
100 ppb, and Standard nickel solution 200 ppb.
Sample solution: Transfer a quantity of Hydrogenated Starch Hydrolysate, equivalent to
10.0 g on the anhydrous basis, into a 125-mL conical flask. Add 40 mL of Digester
solution, and place on a hot plate. Heat the solution for about 20 min, being careful to
prevent the solution from boiling over. Pull the sample off the hot plate just before it turns
a dark caramel color. [Note—Do not overburn the sample. ] Transfer the flask's contents
into a clean, dry, 50-mL volumetric flask with washings of Blank solution. Dilute with Blank
solution to volume. Filter the sample into a 15-mL centrifuge tube, using a 10-mL BD
syringe fitted with a syringe filter of 0.45-µm pore size.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively Coupled Plasma–Optical Emission Spectroscopy (ICP–OES) configured
in an axial optical alignment
Detector: Set a UV detector to scan nickel at 232.005 nm and yttrium at 371.029 nm,
and set the sample read time to 10 s minimum and 50 s maximum.
Analysis
Samples: Blank solution, Standard solutions, and Sample solution
Take three replicate scans with the integration set to one point per peak. Set forward
power from the RF generator to 1500 watts. The argon plasma feed gas flows at 15 L/min
with the auxiliary gas (shear gas) set to flow at 0.5 L/min. Use a gem cone nebulizer with
a nebulization gas flow rate of 0.55 L/min. Deliver the sample to the spray chamber with a
multichannel peristaltic pump set to deliver sample at a rate of 1.00 mL/min. Add the
Internal standard solution in-line via a mixing block between the sample probe and the
spray chamber. Flush the samples through the system for 30 s at a rate of 4.0 mL/min
prior to analysis. Program a 60-s read delay into the sampling routine to allow for fluid flow
equilibration after the high-speed flush, prior to the first analytical read of the sample.
Between samples, wash the pumping system by flushing the Blank solution for 30 s at a
rate of 4.0 mL/min.
Instrument performance must be verified to conform to the manufacturer’s specifications
for resolution and sensitivity. Before analyzing samples, the instrument must pass a
suitable performance check.
Generate the calibration curve using the Blank solution, Standard nickel solution 50 ppb,
Standard stock solution 100 ppb, and Standard nickel solution 200 ppb as follows. Scan
the Internal standard solution while running the Blank solution to measure the intensity of
the yttrium emission. Hold this value constant throughout the remainder of the test.
Separately scan the Blank solution, Standard nickel solution 50 ppb, Standard stock
solution 100 ppb, and Standard nickel solution 200 ppb for nickel and yttrium. [Note—Add
the Internal standard solution via an in-line mixing chamber. ] Normalize the yttrium
intensity to the value of the Internal standard solution. Apply this normalization factor to
the nickel intensity, which is then referred to as the corrected nickel intensity. Construct
a calibration curve by plotting the corrected nickel intensity versus the known
concentrations, in ng/mL, of the nickel: the linear regression coefficient is NLT 0.999.
Similarly, analyze the Sample solution on the ICP. Plot the intensity of the emission of the
Sample solution on the calibration curve. Obtain the concentration of nickel, C, in ng/mL,
in the Sample solution through the calibration curve.
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Calculate the content, in µg/g, of nickel in the solid portion of Hydrogenated Starch
Hydrolysate taken:
Result = F × V × (C/W)
F= factor converting ng to µg, 10 3 µg/ng
V= volume of the Sample solution, 50 mL
C= concentration of nickel in the Sample solution (ng/mL)
W
= weight of Hydrogenated Starch Hydrolysate calculated on the anhydrous basis (g)
Acceptance criteria: Nickel content is NMT 1 µg/g (ppm).
• Limit of Reducing Sugars
Analysis: Dissolve a quantity of Hydrogenated Starch Hydrolysate, equivalent to 1.0 g on
the anhydrous basis, in 6 mL of water with the aid of gentle heat, if necessary. Cool, and
add 20.0 mL of cupric citrate TS and a few glass beads. Heat so that boiling begins after
4 min, and maintain boiling for 3 min. Cool rapidly, and add 40 mL of diluted acetic acid, 60
mL of water, and 20.0 mL of 0.05 N iodine VS. With continuous shaking, add 25 mL of a
mixture of 6 mL of hydrochloric acid and 94 mL of water. When the precipitate has
dissolved, titrate the excess of iodine with 0.05 N sodium thiosulfate VS, using 2 mL of
starch TS as an indicator, added toward the end of the titration.
Acceptance criteria: NLT 12.8 mL of 0.05 N sodium thiosulfate, corresponding to NMT 1%
of reducing sugars
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The total
aerobic microbial count does not exceed 1000 cfu/g, and the total combined molds and
yeasts count does not exceed 100 cfu/g. It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
• pH

791 : 3.0–7.0, in a 20% (w/w) solution in freshly boiled and cooled water.

• Water Determination, Method I 921 : NLT 90% and NMT 110% of the value stated on the
label.
For dried powder product: NMT 6.0%
For liquid product: Within ±1.5 units of the labeled value
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements
specified for liquid product; store in a cool and dry place for dried powder product protect
from moisture for dried powder product.
• Labeling: Label it to indicate Water content, as the percentage of water, for liquid product.
• USP Reference Standards 11
USP Dextrose RS
USP Diethylene Glycol RS
USP Ethylene Glycol RS
USP Maltitol RS
USP Maltose Monohydrate RS
USP Sorbitol RS
NF30

BRIEFING
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17 Prescription Container Labeling. This proposed new general test chapter provides
information on prescription container labeling. On May 18, 2007, the USP Safe Medication Use
Expert Committee established an Advisory Panel to (1) determine optimal prescription label
content and format to promote safe medication use by critically reviewing factors that promote
or distract from patient understanding of prescription medication instructions and (2) create
universal prescription label standards for format/appearance and content/language.
In November 2009, the Health Literacy and Prescription Container Labeling Advisory Panel
presented its recommendations to the Safe Medication Use Expert Committee, which then
requested that USP develop patient-centered label standards for the format, appearance,
content, and language of prescription medication instructions to promote patient
understanding. Those recommendations formed the basis of this general test chapter.
(NSL: S. Becker.)
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PRESCRIPTION CONTAINER LABELING
INTRODUCTION

Medication misuse has resulted in more than 1 million adverse drug events per year in the
United States (1). Patients’ best source (and often only source) of information regarding the
medications they have been prescribed is on the prescription container label (2–6). Although
other written information and oral counseling sometimes may be available (2–4,6–13), the
prescription container label must fulfill the professional obligations of the prescriber and
pharmacist. These obligations include giving the patient the most essential information needed
to understand how to safely and appropriately use the medication and to adhere to the
prescribed medication regimen (2,3,13–15).
Inadequate understanding of prescription directions for use and auxiliary information on
dispensed containers is widespread (2–12,14,16–18). Studies have found that 46% of patients
misunderstood one or more dosage instructions (14), and 56% misunderstood one or more
auxiliary warnings (17). The problem of misunderstanding is particularly troublesome in patients
with low or marginal literacy (2,3,5,6,8,9,12,15,17). In one study, patients with low literacy
were 34 times more likely to misinterpret prescription medication warning labels (17). However,
even patients with adequate literacy often misunderstand common prescription directions and
warnings (2,6,9,15,17). In addition, there is great variability in the actual auxiliary warning and
supplemental instructional information applied by individual practitioners to the same
prescription. The specific evidence to support a given auxiliary statement often is unclear, and
patients often ignore such information (2,3,7,15,17,18). The essential need for, and benefit of,
auxiliary label information (both text and icons) in improving patient understanding about safe
and appropriate use of their medications versus explicit simplified language alone require further
study (2–5,7,13–15,17–19).
Lack of universal standards for labeling on dispensed prescription containers is a root cause for
patient misunderstanding, nonadherence, and medication errors (1–9,12,13,15,17,18,20).
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PRESCRIPTION CONTAINER LABEL STANDARDS TO PROMOTE PATIENT UNDERSTANDING
Organize the prescription label in a patient-centered manner: Information shall be
organized in a way that best reflects how most patients seek out and understand medication
instructions. Prescription container labeling should feature only the most important patient
information needed for safe and effective understanding and use (2–5,7,6,11,13,14,16,18,20–
23).
Emphasize instructions and other information important to patients: Prominently display
information that is critical for patients’ safe and effective use of the medicine. Place at the top
of the label the patient’s name, drug name and strength, and explicit clear directions for use in
simple language.
Other less critical but important content (e.g., pharmacy name and phone number, prescriber
name, fill date, refill information, expiration date, prescription number, drug quantity, product
description, and evidence-based auxiliary information) should not supersede critical patient
information. Such less critical information should be placed away from dosing instructions (e.g.,
at the bottom of the label or in another less prominent location) because it distracts patients,
which can impair their recognition and understanding (2–6,11–16,18).
Simplify language: Language on the label should be clear, simplified, concise, and familiar, and
should be used in a standardized manner. Only common terms and sentences should be used.
Do not use unfamiliar words (including Latin terms) or unclarified medical jargon.
Whenever available and appropriate to the patient context, standardized patient-centered
translations of common prescribing directions to patients (SIG) should be used. Use of
readability formulas and software is not recommended to simplify short excerpts of text like
those on prescription labels. The principles established by Doak, Doak, and Root for maintaining
simple language can facilitate the simplification process (24). Consumer feedback also should be
sought (2–6,9,12–15,17,18,25,26–28).
Give explicit instructions: Instructions for use shall clearly separate the dose itself from the
timing of each dose in order to explicitly convey the number of dosage units to be taken and
when (e.g., specific time periods each day such as morning and evening or at breakfast and
dinner). Instructions should use numeric rather than alphabetic characters for numbers (e.g.,
write, “Take 2 tablets in the morning and 2 tablets in the evening” rather than “Take two
tablets twice daily”).
Whenever available, use standardized directions (e.g., write “Take 1 tablet in the morning and
1 tablet in the evening” or “Take 1 tablet at breakfast and 1 tablet at dinner” if the prescription
reads b.i.d.). Vague instructions based on dosing intervals such as twice daily or 3 times daily,
or hourly intervals such as every 12 hours, generally should be avoided because such
instructions are implicit rather than explicit, they may involve numeracy skills, and patient
interpretation may vary from prescriber intent. Although instructions that use specific hourly
times (e.g., 8 a.m. and 10 p.m.) are more easily understood than implicit vague instructions,
dosing by precise hours of the day is less readily understood and may present greater
adherence issues than more general time frames such as in the morning, in the evening, after
breakfast, with lunch, or at bedtime.
Ambiguous directions such as “take as directed” should be avoided unless clear and
unambiguous supplemental instructions and counseling are provided (e.g., directions for use
that will not fit on the prescription container label). A clear statement referring the patient to
such supplemental materials should be included on the container label (2–4,6,12–15,29).
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Include purpose for use: Determine what the patient prefers, and include the purpose of the
medication on the label unless the patient prefers that it not appear. Confidentiality and FDA
approval for intended use (e.g., labeled versus off-label use) may limit inclusion of the purpose
on labels. Current evidence supports inclusion of purpose-for-use language in clear, simple
terms (e.g., “for high blood pressure” rather than “for hypertension”) (2–4,13,14).
Limit auxiliary information: Auxiliary information on the prescription container label should be
evidence-based on simple explicit language that is minimized to avoid distracting patients with
nonessential information. Most patients, particularly those with low literacy, pay little attention
to auxiliary information. The information should be presented in a standardized manner and
should be critical for patient understanding and safe medication use (e.g., warnings and critical
administration alerts). Icons are frequently misunderstood by patients. In addition, icons that
provide abstract imagery for messages that are difficult to visually depict may be ineffective at
improving understanding compared with simplified text alone. Use only icons for which there is
evidence that they improve patient understanding about correct use. Because of the limited
space on the container, use only those icons shown in consumer testing to improve
understanding beyond simple explicit text alone. Evidence-based auxiliary information, both text
and icons, should be standardized so that it is applied consistently and does not depend on
individual practitioner choice (2–6,13–15,17–19).
Address limited English proficiency: Whenever possible, prescription container labeling
should be provided in an individual’s preferred language. Otherwise there is a risk of
misinterpretation of instructions by patients with limited English proficiency, that could lead to
medication errors and adverse health outcomes.
Translations of prescription medication labels should be produced using a high-quality
translation process. If a high-quality translation process cannot be provided, labels should be
printed in English and translated by trained interpreter services whenever possible to ensure
patient comprehension. The use of computer-generated translations should be limited to
programs with demonstrated quality because dosage instructions can be inconsistent and
potentially hazardous. Standardized translated instructions and technology advances are
needed to ensure the accuracy and safety of prescription container labeling for patients with
low English proficiency (2,3,30,31).
Improve readability: Labels should be designed and formatted so they are easy to read.
Currently no strong evidence supports the superiority in legibility of serif versus sans serif
typefaces, so simple uncondensed fonts of either type can be used (2–4,20,22,2–37).
Optimize typography by using the following techniques:
High-contrast print (e.g., black print on white background).
Simple, uncondensed familiar fonts with sufficient space within letters and between
letters (e.g., Times Roman or Arial).
Sentence case (i.e., punctuated like a sentence in English: initial capital followed by
lower-case words except proper nouns).
Large font size (e.g., minimum 12-point Times Roman or 11-point Arial) for critical
information. Note that point size is not the actual size of the letter, so two fonts with
the same nominal point size can have different actual letter sizes. X-height, the height
of the lower-case x in typeface, has been used as a more accurate indicator of
apparent size than point size. For example, for a given point size, the x-height and
apparent size of Arial are actually bigger than those for Times Roman. Do not use type
smaller than 10-point Times Roman or equivalent size of another font. Older adults often
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experience declines in visual acuity.
Adequate white space between lines of text (25%–30% of the point size).
White space to distinguish sections on the label such as directions for use versus
pharmacy information.
Horizontal text only.
Other measures that can also improve readability include the following:
If possible, minimize the need to turn the container in order to read lines of text.
Never truncate critical information.
Highlighting, bolding, and other typographical cues should preserve readability (e.g.,
high-contrast print and light color for highlighting) and should emphasize patient-centric
information or information that facilitates adherence (e.g., refill ordering).
Limit the number of colors used for highlighting (e.g., no more than one or two).
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BRIEFING
401 Fats and Fixed Oils, USP 32 page 150 and page 3941 of the 1st Supplement to USP
32–NF 27. On the basis of comments and data received, it is proposed to make the following
revisions:
1.
2.

Correct an error in the calculation formula in the Ester Value section.
Specify the preparation for 0.5 N Methanolic sodium hydroxide solution in the Fatty
Acid Composition section.
3.
Update the preparations of Standard solutions, Test solution 2, and Blank solution 2
in the Trace Metals section.
4.
In the Sterol Composition section, the term “Alcoholic Potassium TS 2” will be used
with 2 N alcoholic potassium hydroxide, because the preparation for 2 N alcoholic
potassium hydroxide was specified in PF 36(3) [May–June 2010] as Alcoholic Potassium
Hydroxide TS 2. Inclusion of footnotes for some special devices is also made.
(GCCA: H. Wang.)

Correspondence Number—C95686

Comment deadline: March 31, 2011
401

FATS AND FIXED OILS

The following definitions and general procedures apply to fats, fixed oils, waxes, resins,
balsams, and similar substances.
PREPARATION OF SPECIMEN
If a specimen of oil shows turbidity owing to separated stearin, warm the container in a water
bath at 50 until the oil is clear, or if the oil does not become clear on warming, pass it through
dry filter paper in a funnel contained in a hot-water jacket. Mix thoroughly, and weigh at one
time as many portions as are needed for the various determinations, using preferably a bottle
having a pipet dropper, or a weighing buret. Keep the specimen melted, if solid at room
temperature, until the desired portions of specimen are withdrawn.
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SPECIFIC GRAVITY
Determine the specific gravity of a fat or oil as directed under Specific Gravity

841 .

MELTING TEMPERATURE
Determine the melting temperature as directed for substances of Class II (see Melting Range or
Temperature

741 ).
ACID VALUE (FREE FATTY ACIDS)

The acidity of fats and fixed oils in this Pharmacopeia may be expressed as the number of mL of
0.1 N alkali required to neutralize the free acids in 10.0 g of substance. Acidity is frequently
expressed as the acid value, which is the number of mg of potassium hydroxide required to
neutralize the free acids in 1.0 g of the substance. Unless otherwise directed in the individual
monograph, use Method I.
Method I
Procedure—Unless otherwise directed, dissolve about 10.0 g of the substance, accurately
weighed, in 50 mL of a mixture of equal volumes of alcohol and ether (which has been
neutralized to phenolphthalein with 0.1 N potassium hydroxide or 0.1 N sodium hydroxide, unless
otherwise specified) contained in a flask. If the test specimen does not dissolve in the cold
solvent, connect the flask with a suitable condenser and warm slowly, with frequent shaking,
until the specimen dissolves. Add 1 mL of phenolphthalein TS, and titrate with 0.1 N potassium
hydroxide VS or 0.1 N sodium hydroxide VS until the solution remains faintly pink after shaking
for 30 seconds. Calculate either the acid value or the volume of 0.1 N alkali required to
neutralize 10.0 g of specimen (free fatty acids), whichever is appropriate. Calculate the Acid
Value by the formula:
56.11V × N/W
in which 56.11 is the molecular weight of potassium hydroxide; V is the volume, in mL; N is the
normality of the potassium hydroxide solution or the sodium hydroxide solution; and W is the
weight, in g, of the sample taken.
If the volume of 0.1 N potassium hydroxide VS or 0.1 N sodium hydroxide VS required for the
titration is less than 2 mL, a more dilute titrant may be used, or the sample size may be
adjusted accordingly. The results may be expressed in terms of the volume of titrant used or in
terms of the equivalent volume of 0.1 N potassium hydroxide or 0.1 N sodium hydroxide.
If the oil has been saturated with carbon dioxide for the purpose of preservation, gently reflux
the alcohol-ether solution for 10 minutes before titration. The oil may be freed from carbon
dioxide also by exposing it in a shallow dish in a vacuum desiccator for 24 hours before weighing
the test specimens.
Method II
Procedure—Prepare 125 mL of a solvent mixture consisting of equal volumes of isopropyl
alcohol and toluene. Before use, add 2 mL of a 1% solution of phenolphthalein in isopropyl
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alcohol to the 125-mL mixture, and neutralize with alkali to a faint but permanent pink color.
Weigh accurately the appropriate amount of well-mixed liquid sample indicated in the table
below, and dissolve it in the neutralized solvent mixture. If the test specimen does not dissolve
in the cold solvent, connect the flask with a suitable condenser and warm slowly, with frequent
shaking, until the specimen dissolves. Shake vigorously while titrating with 0.1 N potassium
hydroxide VS or 0.1 N sodium hydroxide VS to the first permanent pink of the same intensity as
that of the neutralized solvent before mixing with the sample. Calculate the Acid Value as
indicated in Method I.
Acid Value
0–1
1–4
4–15
15–74.9
75.0

Sample Weight (g)
20
10
2.5
0.5
0.1

Change to read:
ESTER VALUE
The Ester Value is the number of mg of potassium hydroxide required to saponify the esters in
1.0 g of the substance. If the Saponification Value and the Acid Value have been determined,
the difference between these two represents the Ester Value, i.e., Ester Value = Saponification
Value – Acid Value.
Procedure—Place 1.5 to 2 g of the substance, accurately weighed, in a tared, 250-mL flask,
add 20 to 30 mL of neutralized alcohol, and shake. Add 1 mL of phenolphthalein TS, and titrate
with 0.5 N alcoholic potassium hydroxide VS until the free acid is neutralized. Add 25.0 mL of
0.5 N alcoholic potassium hydroxide VS, and proceed as directed under Saponification Value,
beginning with “Heat the flask” and omitting the further addition of phenolphthalein TS.
Calculate the Ester Value by the formula:
[56.11(VT
[56.11(VB

VB)N]/W
VT)N]/W

USP35

in which 56.11 is the molecular weight of potassium hydroxide; VB and VT are the volumes, in
mL, of 0.5 N hydrochloric acid consumed in the blank test and in the actual test, respectively;
N is the exact normality of the hydrochloric acid; and W is the weight, in g, of the substance
taken for the test.
HYDROXYL VALUE
The Hydroxyl Value is the number of mg of potassium hydroxide equivalent to the hydroxyl
content of 1.0 g of the substance.
Pyridine–Acetic Anhydride Reagent—Just before use, mix 3 volumes of freshly opened or
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freshly distilled pyridine with 1 volume of freshly opened or freshly distilled acetic anhydride.
Procedure—Transfer a quantity of the substance, determined by reference to the
accompanying table and accurately weighed, to a glass-stoppered, 250-mL conical flask, and
add 5.0 mL of Pyridine–Acetic Anhydride Reagent. Transfer 5.0 mL of Pyridine–Acetic Anhydride
Reagent to a second glass-stoppered, 250-mL conical flask to provide the reagent blank. Fit
both flasks with suitable glass-jointed reflux condensers, heat on a steam bath for 1 hour, add
10 mL of water through each condenser, and heat on the steam bath for 10 minutes more.
Cool, and to each add 25 mL of butyl alcohol, previously neutralized to phenolphthalein TS with
0.5 N alcoholic potassium hydroxide, by pouring 15 mL through each condenser and, after
removing the condensers, washing the sides of both flasks with the remaining 10-mL portions.
To each flask add 1 mL of phenolphthalein TS, and titrate with 0.5 N alcoholic potassium
hydroxide VS, recording the volume, in mL, consumed by the residual acid in the test solution
as T and that consumed by the blank as B. In a 125-mL conical flask, mix about 10 g of the
substance, accurately weighed, with 10 mL of freshly distilled pyridine, previously neutralized to
phenolphthalein TS, add 1 mL of phenolphthalein TS, and titrate with 0.5 N alcoholic potassium
hydroxide VS, recording the volume, in mL, consumed by the free acid in the test specimen as
A. Calculate the Hydroxyl Value by the formula:
(56.11N/W)[B + (WA/C)

T]

in which W and C are the weights, in g, of the substances taken for the acetylation and for the
free acid determination, respectively; N is the exact normality of the alcoholic potassium
hydroxide; and 56.11 is the molecular weight of potassium hydroxide. If the Acid Value for the
test substance is known, calculate the Hydroxyl Value by the formula:
(56.11N/W)[B – T] + Acid Value
in which W is the weight, in g, of the substance taken for the acetylation; N is the exact
normality of the alcoholic potassium hydroxide; and 56.11 is the molecular weight of potassium
hydroxide.
Hydroxyl Value
Range
0 to 20
20 to 50
50 to 100
100 to 150
150 to 200
200 to 250
250 to 300
300 to 350

Weight of
Test Specimen, g
10
5
3
2
1.5
1.25
1.0
0.75

IODINE VALUE
The Iodine Value represents the number of g of iodine absorbed, under the prescribed
conditions, by 100 g of the substance. Unless otherwise specified in the individual monograph,
determine the Iodine Value by Method I.
Method I (Hanus Method)
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Procedure—Transfer an accurately weighed quantity of sample, as determined from the
accompanying table, into a 250-mL iodine flask, dissolve it in 10 mL of chloroform, add 25.0 mL
of iodobromide TS, insert the stopper in the vessel securely, and allow it to stand for 30
minutes protected from light, with occasional shaking. Then add, in the order named, 30 mL of
potassium iodide TS and 100 mL of water, and titrate the liberated iodine with 0.1 N sodium
thiosulfate VS, shaking thoroughly after each addition of thiosulfate. When the iodine color
becomes quite pale, add 3 mL of starch TS, and continue the titration with 0.1 N sodium
thiosulfate VS until the blue color is discharged. Perform a blank test at the same time with the
same quantities of the same reagents and in the same manner (see Residual Titrations
). Calculate the Iodine Value from the formula:
[126.90(VB

541

VS)N]/(10W)

in which 126.90 is the atomic weight of iodine; VB and VS are the volumes, in mL, of 0.1 N
sodium thiosulfate VS consumed by the blank test and the actual test, respectively; N is the
exact normality of the sodium thiosulfate VS; and W is the weight, in g, of the substance taken
for the test. [Note—If more than half of the iodobromide TS is absorbed by the portion of the
substance taken, repeat the determination, using a smaller portion of the substance under
examination. ]
Sample Weights
Iodine Value
Weight in g,
Expected
±0.1
<5
3.0
5–20
1.0
21–50
0.4
51–100
0.2
101–150
0.13
151–200
0.1
Method II
Potassium Iodide Solution—Dissolve 10.0 g of potassium iodide in water to make 100 mL.
Store in light-resistant containers.
Starch Indicator Solution—Mix 1 g of soluble starch with sufficient cold water to make a thin
paste. Add, while stirring, to 100 mL of boiling water. Mix, and cool. Use only the clear solution.
Procedure—Melt the sample, if it is not already liquid. [Note—The temperature during melting
should not exceed the melting point of the sample by more than 10 . ] Pass through two pieces
of filter paper to remove any solid impurities and the last traces of moisture. The filtration may
be performed in an air oven at 100 but should be completed within 5 minutes ± 30 seconds.
The sample must be absolutely dry. All glassware must be absolutely clean and completely dry.
After filtration, allow the filtered sample to achieve a temperature of 68 to 71 ± 1 before
weighing the sample. Once the sample has achieved a temperature of 68 to 71 ± 1 ,
immediately weigh the sample into a 500-mL iodine flask, using the weights and weighing
accuracy noted in the accompanying table. [Note—The weight of the substance must be such
that there will be an excess of iodochloride TS of 50% to 60% of the amount added, that is,
100% to 150% of the amount absorbed. ] Add 15 mL of a fresh mixture of cyclohexane and
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glacial acetic acid (1:1), and swirl to dissolve the sample. Add 25.0 mL of iodochloride TS,
insert the stopper securely in the flask, and swirl to mix. Allow it to stand at 25 ± 5 , protected
from light, with occasional shaking, for 1.0 or 2.0 hours, depending on the Iodine Value (IV) of
the sample: IV less than 150, 1.0 hour; IV equal to or greater than 150, 2.0 hours. Then, within
3 minutes after the indicated reaction time, add, in the order named, 20 mL of Potassium Iodide
Solution and 150 mL of recently boiled and cooled water, and mix. Within 30 minutes, titrate
the liberated iodine with 0.1 N sodium thiosulfate VS, while stirring by mechanical means after
each addition of thiosulfate. When the yellow iodine color has almost disappeared, add 1 to 2
mL of Starch Indicator Solution, and continue the titration with 0.1 N sodium thiosulfate VS
until the blue color is discharged. Perform a blank test at the same time with the same
quantities of the same reagents and in the same manner (see Residual Titrations
Calculate the Iodine Value as indicated in Method I.

541 ).

PEROXIDE VALUE
The Peroxide Value is the number that expresses, in milliequivalents of active oxygen, the
quantity of peroxide contained in 1000 g of the substance. [Note—This test must be performed
promptly after sampling to avoid oxidation of the test specimen. ]
Procedure—Unless otherwise directed, place about 5 g of the substance, accurately weighed,
in a 250-mL conical flask fitted with a ground-glass stopper. Add 30 mL of a mixture of glacial
acetic acid and chloroform (3:2), shake to dissolve, and add 0.5 mL of saturated potassium
iodide solution. Shake for exactly 1 minute, and add 30 mL of water. Titrate with 0.01 N sodium
thiosulfate VS, adding the titrant slowly with continuous shaking, until the yellow color is
almost discharged. Add 5 mL of starch TS, and continue the titration, shaking vigorously, until
the blue color is discharged. Perform a blank determination under the same conditions. [Note
—The volume of titrant used in the blank determination must not exceed 0.1 mL. ] Calculate
the Peroxide Value by the formula:
[1000 (VT – VB) N]/W
in which VT and VB are the volumes, in mL, of 0.01 N sodium thiosulfate consumed in the actual
test and in the blank test, respectively; N is the exact normality of the sodium thiosulfate
solution; and W is the weight, in g, of the substance taken for the test.
SAPONIFICATION VALUE
The Saponification Value is the number of mg of potassium hydroxide required to neutralize the
free acids and saponify the esters contained in 1.0 g of the substance.
Procedure—Place 1.5 g to 2 g of the substance in a tared, 250-mL flask, weigh accurately,
and add to it 25.0 mL of 0.5 N alcoholic potassium hydroxide. Heat the flask on a steam bath,
under a suitable condenser to maintain reflux for 30 minutes, frequently rotating the contents.
[Note—Reflux time can be up to 90 minutes to ensure complete saponification, depending on
the type of ester to be tested. ] Then add 1 mL of phenolphthalein TS, and titrate the excess
potassium hydroxide with 0.5 N hydrochloric acid VS. Perform a blank determination under the
same conditions (see Residual Titrations under Titrimetry

541 ). The titration also can be
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carried out potentiometrically. Calculate the Saponification Value by the formula:
[56.11(VB – VT)N]/W
in which 56.11 is the molecular weight of potassium hydroxide; VT and VB are the volumes, in
mL, of 0.5 N hydrochloric acid consumed in the actual test and in the blank test, respectively;
N is the exact normality of the hydrochloric acid; and W is the weight, in g, of the substance
taken for the test.
If the oil has been saturated with carbon dioxide for the purpose of preservation, expose it in a
shallow dish in a vacuum desiccator for 24 hours before weighing the test specimens.
UNSAPONIFIABLE MATTER
The term “Unsaponifiable Matter” in oils or fats, refers to those substances that are not
saponifiable by alkali hydroxides but are soluble in the ordinary fat solvents, and to products of
saponification that are soluble in such solvents.
Procedure—Transfer about 5.0 g of the oil or fat, accurately weighed, to a 250-mL conical
flask, add 50 mL of an alcoholic potassium hydroxide solution prepared by dissolving 12 g of
potassium hydroxide in 10 mL of water and diluting this solution with alcohol to 100 mL, and
heat the flask on a steam bath under a suitable condenser to maintain reflux for 1 hour, swirling
frequently. Cool to a temperature below 25 , and transfer the contents of the flask to a
separator having a polytetrafluoroethylene stopcock, rinsing the flask with two 50-mL portions
of water that are added to the separator (do not use grease on stopcock). Extract with three
100-mL portions of ether, combining the ether extracts in another separator containing 40 mL
of water. Gently rotate or shake the separator for a few minutes. [Note—Violent agitation may
result in the formation of a difficult-to-separate emulsion. ] Allow the mixture to separate, and
discard the lower aqueous phase. Wash the ether extract with two additional 40-mL portions of
water, and discard the lower aqueous phase. Wash the ether extract successively with a 40mL portion of potassium hydroxide solution (3 in 100) and a 40-mL portion of water. Repeat this
potassium hydroxide solution-water wash sequence three times. Wash the ether extract with
40-mL portions of water until the last washing is not reddened by the addition of 2 drops of
phenolphthalein TS. Transfer the ether extract to a tared flask, and rinse the separator with 10
mL of ether, adding the rinsings to the flask. Evaporate the ether on a steam bath, and add 6
mL of acetone to the residue. Remove the acetone in a current of air, and dry the residue at
105 until successive weighings differ by not more than 1 mg. Calculate the percentage of
unsaponifiable matter in the portion of oil or fat taken by the formula:
100(WR/WS)
in which WR is the weight, in g, of the residue; and WS is the weight, in g, of the oil or fat
taken for the test.
Dissolve the residue in 20 mL of alcohol, previously neutralized to the phenolphthalein endpoint,
add phenolphthalein TS, and titrate with 0.1 N alcoholic sodium hydroxide VS to the first
appearance of a faint pink color that persists for not less than 30 seconds. If the volume of 0.1
N alcoholic sodium hydroxide required is greater than 0.2 mL, the separation of the layers was
incomplete; the residue weighed cannot be considered as “unsaponifiable matter,” and the test
must be repeated.
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SOLIDIFICATION TEMPERATURE OF FATTY ACIDS
Preparation of the Fatty Acids—Heat 75 mL of glycerin–potassium hydroxide solution (made
by dissolving 25 g of potassium hydroxide in 100 mL of glycerin) in an 800-mL beaker to 150 ,
and add 50 mL of the clarified fat, melted if necessary. Heat the mixture for 15 minutes with
frequent stirring, but do not allow the temperature to rise above 150 . Saponification is
complete when the mixture is homogeneous, with no particles clinging to the beaker at the
meniscus. Pour the contents of the beaker into 500 mL of nearly boiling water in an 800-mL
beaker or casserole, add slowly 50 mL of dilute sulfuric acid (made by adding water and sulfuric
acid (3:1)), and heat the solution, with frequent stirring, until the fatty acids separate cleanly
as a transparent layer. Wash the acids with boiling water until free from sulfuric acid, collect
them in a small beaker, place on a steam bath until the water has settled and the fatty acids
are clear, filter into a dry beaker while hot, and dry at 105 for 20 minutes. Place the warm
fatty acids in a suitable container, and cool in an ice bath until they congeal.
Test for Complete Saponification—Place 3 mL of the dry acids in a test tube, and add 15 mL
of alcohol. Heat the solution to boiling, and add an equal volume of 6 N ammonium hydroxide. A
clear solution results.
Procedure—Using an apparatus similar to the “Congealing Temperature Apparatus” specified
therein, proceed as directed for Procedure under Congealing Temperature 651 , reading
“solidification temperature” for “congealing point” (the terms are synonymous). The average of
not less than four consecutive readings of the highest point to which the temperature rises is
the solidification temperature of the fatty acids.
Change to read:
FATTY ACID COMPOSITION
Standard Solution—Prepare an ester mixture of known composition containing the esters
required in the individual monograph. This Standard Solution may contain other components.
[Note—Ester mixtures are available commercially from Nu-Chek-Prep, Inc., P.O. Box 295,
Elysian, MN 56028. Typical Nu-Chek-Prep ester mixtures useful in this test include Nu-Chek 17A
and Nu-Chek 19A. ] Nu-Chek mixture 17A has the following composition:
Percentage
1.0
4.0
3.0
3.0
3.0
3.0
45.0
15.0
3.0
20.0

Fatty Acid Ester
methyl myristate
methyl palmitate
methyl stearate
methyl arachidate
methyl behenate
methyl lignocerate
methyl oleate
methyl linoleate
methyl linolenate
methyl erucate

Carbon-chain Length
14
16
18
20
22
24
18
18
18
22

No. of
Double Bonds
0
0
0
0
0
0
1
2
3
1

PF 37(1): Jan.-Feb. 2011

183

Nu-Chek mixture 19A has the following composition:
Percentage
7.0
5.0
48.0
15.0
7.0
3.0
12.0
3.0

Fatty Acid Ester
methyl caprylate
methyl caprate
methyl laurate
methyl myristate
methyl palmitate
methyl stearate
methyl oleate
methyl linoleate

Carbon-chain Length
8
10
12
14
16
18
18
18

No. of
Double Bonds
0
0
0
0
0
0
1
2

0.5 N Methanolic sodium hydroxide solution—Dissolve 2 g of sodium hydroxide in 100 mL of
methanol. USP35

Test Solution—[Note—If fatty acids containing more than two double bonds are present in the
test specimen, remove air from the flask by purging it with nitrogen for a few minutes. ]
Transfer about 100 mg of the test specimen to a 50-mL conical flask fitted with a suitable
water-cooled reflux condenser and a magnetic stir bar. Add 4 mL of 0.5 N methanolic sodium
hydroxide solution, 0.5 N Methanolic sodium hydroxide solution, USP35
and reflux until fat globules disappear (usually 5 to 10 minutes). Add 5 mL of a solution
prepared by dissolving 14 g of boron trifluoride in methanol to make 100 mL, swirl to mix, and
reflux for 2 minutes. Add 4 mL of chromatographic n-heptane through the condenser, and reflux
for 1 minute. Cool, remove the condenser, add about 15 mL of saturated sodium chloride
solution, shake, and allow the layers to separate. Pass the n-heptane layer through 0.1 g of
anhydrous sodium sulfate (previously washed with chromatographic n-heptane) into a suitable
flask. Transfer 1.0 mL of this solution to a 10-mL volumetric flask, dilute with chromatographic
n-heptane to volume, and mix.
System Suitability Solution—Transfer about 20 mg each of stearic acid, palmitic acid, and
oleic acid to a 25-mL conical flask fitted with a suitable water-cooled reflux condenser and a
magnetic stir bar, and proceed as directed for Test Solution, beginning with “Add 5 mL of a
solution prepared by dissolving”.
Chromatographic System (see Chromatography

621 )—The gas chromatograph is

equipped with a flame-ionization detector, maintained at a temperature of about 260 , a
splitless injection system, and a 0.53-mm × 30-m fused-silica capillary column bonded with a
1.0-µm layer of phase G16. The chromatograph is programmed to maintain the column
temperature at 70 for about 2 minutes after injection, then to increase the temperature at the
rate of 5 per minute to 240 , and finally to maintain this temperature for 5 minutes. The
injection port temperature is maintained at about 220 . The carrier gas is helium with a linear
velocity of about 50 cm per second.
Chromatograph the System Suitability Solution, and record the peak responses as directed for
Procedure: the relative retention times are about 0.87 for methyl palmitate, 0.99 for methyl
stearate, and 1.0 for methyl oleate; the resolution, R, between methyl stearate and methyl
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oleate is not less than 1.5; and the relative standard deviation of the peak area responses for
the palmitate and stearate peaks for replicate injections is not more than 6.0%. The relative
standard deviation of the peak area response ratio of the palmitate to stearate peaks from
these replicate injections is not more than 1.0%.
Procedure—Separately inject equal volumes (about 1 µL) of the Standard Solution and the
Test Solution into the chromatograph, record the chromatograms, identify the fatty acid ester
peaks in the chromatogram of the Test Solution by comparing the retention times of these
peaks with those obtained in the chromatogram of the Standard Solution, and measure the
peak areas for all of the fatty acid ester peaks in the chromatogram obtained from the Test
Solution. Calculate the percentage of each fatty acid component in the test specimen by the
formula:
100(A/B)
in which A is the area of the peak response obtained for each individual fatty acid ester
component; and B is the sum of the peak areas of all of the peaks, excluding the solvent peak,
in the chromatogram obtained from the Test Solution.
OMEGA-3 FATTY ACIDS DETERMINATION AND PROFILE
The following procedure may be used for the determination of eicosapentaenoic acid (EPA)
(C20:5 n-3), docosahexaenoic acid (DHA) (C22:6 n-3) and total omega-3 acids obtained from
fish, plant, or microbial sources in bulk oils and encapsulated oil. Protect the solutions from
actinic light, oxidizing agents, oxidation catalysts, and air.
Content of EPA and DHA
USP Reference Standards 11 —USP Docosahexaenoic Acid Ethyl Ester RS. USP
Eicosapentaenoic Acid Ethyl Ester RS. USP Methyl Tricosanoate RS.
Antioxidant Solution—Dissolve an accurately weighed quantity of butylated hydroxytoluene in
2,2,4-trimethylpentane to obtain a solution having a concentration of 0.05 mg per mL.
Internal Standard Solution—Transfer an accurately weighed quantity of USP Methyl
Tricosanoate RS to a volumetric flask. Dissolve in Antioxidant Solution, and dilute with the same
solvent to obtain a solution having a concentration of about 7.0 mg per mL. [Note—Guard the
solution against evaporation during usage. ]
Approx. Sum
EPA + DHA
30%–50%
50%–70%
70%–80%

Amount of Sample
to Be Weighed
0.4–0.5 g
0.3 g
0.25 g

Test Solution 1 (for triglycerides)—In a 10-mL volumetric flask, dissolve the mass of sample to
be examined, according to the table above, in Antioxidant Solution, and dilute with the same
solution to volume. Transfer 2.0 mL of this solution to a glass tube, and evaporate the solvent
with a gentle stream of nitrogen. Add 1.5 mL of a 2% (w/v) solution of sodium hydroxide in
methanol, cap tightly with a polytetrafluoroethylene-lined cap, mix, and heat in a boiling water
bath for 7 minutes. Cool, add 2 mL of boron trichloride–methanol solution (120 g in 1000 mL of
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methanol), cover with nitrogen, cap tightly, mix, and heat in a boiling water bath for 30
minutes. Cool to 40 to 50 , add 1 mL of 2,2,4-trimethylpentane, cap, and mix on a vortex
mixer or shake vigorously for at least 30 seconds. Immediately add 5 mL of saturated sodium
chloride solution containing 1 volume of sodium chloride and 2 volumes of water. [Note—Shake
from time to time. Before use, decant the solution from any undissolved substance, and filter if
necessary. ] Cover with nitrogen, cap, and mix on a vortex mixer or shake thoroughly for at
least 15 seconds. Allow the upper layer to become clear, and transfer to a separate tube.
Shake the methanol layer once more with 1 mL of 2,2,4-trimethylpentane, and combine the
2,2,4-trimethylpentane extracts. Wash the combined extracts with two quantities, 1 mL each,
of water, and dry over anhydrous sodium sulfate.
Test Solution 2 (for triglycerides)—Transfer the equivalent amount of sample used to prepare
Test Solution 1 to a 10-mL volumetric flask, and dissolve in and dilute with Internal Standard
Solution to volume. Then proceed as directed in Test Solution 1, starting with “Transfer 2.0
mL”.
Test Solution 3 (for ethyl esters)—In a 10-mL volumetric flask, dissolve the mass of sample to
be examined, according to the table above, in the Internal Standard Solution, and dilute with
the same solution to volume.
Test Solution 4 (for ethyl esters)—Transfer the equivalent amount of sample used to prepare
Test Solution 3 to a 10-mL volumetric flask, and dissolve in and dilute with Antioxidant Solution
to volume.
Standard Solution 1—Transfer 0.10 g each of USP Docosahexaenoic Acid Ethyl Esters RS and
USP Eicosapentaenoic Acid Ethyl Esters RS, accurately weighed, to a 10-mL volumetric flask,
and dissolve in and dilute with Internal Standard Solution to volume.
Standard Solution 2—Transfer 2.0 mL of Standard Solution 1 to a glass tube, and evaporate
the solvent with a gentle stream of nitrogen. Then proceed as directed for Test Solution 1
starting with, “Add 1.5 mL”.
System Suitability Solution 1—Transfer 0.30 g of methyl palmitate, 0.30 g of methyl
stearate, 0.30 g of methyl arachidate, and 0.30 g of methyl behenate, accurately weighed, to
a 10-mL volumetric flask, and dissolve in and dilute with Antioxidant Solution to volume.
System Suitability Solution 2—Transfer 55.0 mg of docosahexaenoic acid methyl ester and
about 5.0 mg of tetracos-15-enoic acid (nervonic acid) methyl ester, accurately weighed, to a
10-mL volumetric flask, and dissolve in and dilute with Antioxidant Solution to volume.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is
equipped with a flame-ionization detector and a 0.25-mm × 25-m fused silica capillary column
coated with a 0.2-µm film of G16. The temperature of the detector is maintained at 270 and
that of the injection port at 250 . The column temperature is initially set at 170 for 2 minutes,
then increased at a rate of 3 per minute to 240 , and is maintained at this temperature for 2.5
minutes. The carrier gas is helium with a split flow ratio of 1:200 and a flow rate of about 1 mL
per minute. [Note—If splitless injection mode is used, solutions should be further diluted 1 in
200. ] Chromatograph System Suitability Solution 1 and System Suitability Solution 2, and
record the peak responses as directed for Procedure: using System Suitability Solution 1, the
area percent increases in the following order; methyl palmitate, methyl stearate, methyl
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arachidate, methyl behenate; the difference between the percent area of methyl palmitate and
that of methyl behenate is less than 2.0 area percent units; using System Suitability Solution 2,
the resolution, R, between docosahexaenoic acid methyl ester and tetracos-15-enoic acid
methyl ester is not less than 1.2. [Note—In addition to the above system suitability
requirements, the following is required for the analysis of triglycerides but not for ethyl esters. ]
For triglycerides, chromatograph Standard Solution 1 and Standard Solution 2, and record the
peak responses as directed for Procedure: the derivatization efficiency for the conversion of
fatty acid ethyl ester to the fatty acid methyl ester is not less than 90.0% for each (DHA and
EPA).
Procedure—Separately inject duplicate equal volumes (about 1 µL) of Standard Solution 1,
Standard Solution 2, Test Solution 1 (for triglycerides), Test Solution 2 (for triglycerides), Test
Solution 3 (for ethyl esters), and Test Solution 4 (for ethyl esters) into the chromatograph,
record the chromatograms, and measure the peak responses. Identify the retention time for the
internal standard peak by comparing the chromatograms for Test Solution 1 and Test Solution 2
(for triglycerides) and by comparing the chromatograms for Test Solution 3 and Test Solution 4
(for ethyl esters). Calculate the percentage of EPA or DHA in the triglyceride taken by the
formula:
100F(C/W)(RU/RS)
in which F is the factor to express the content of DHA (F = 0.921) and of EPA (F = 0.915) as
free fatty acids; C is the concentration, in mg per mL, of either DHA or EPA in Standard
Solution 2; W is the weight, in mg, of the sample taken to prepare Test Solution 1; RS is the
ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 2; and RU is the corrected peak response of either EPA or
DHA relative to the internal standard in the chromatogram of Test Solution 1 calculated as
follows:
(rU2/rT2

rU1/rT1) × rT2

in which rU2 is the peak response of any peak at the locus of the internal standard in the
chromatogram of Test Solution 2; rU1 is the peak response of any peak at the locus of the
internal standard in the chromatogram of Test Solution 1; rT1 is the peak response of EPA or
DHA in the chromatogram of Test Solution 1; and rT2 is the peak response of EPA or DHA in the
chromatogram of Test Solution 2. Calculate the percentage of EPA or DHA in the ethyl ester
taken by the formula:
100F(C/W)(RU/RS)
in which F is the factor to express the content of DHA (F = 0.921) and of EPA (F = 0.915) as
free fatty acids; C is the concentration, in mg per mL, of either DHA or EPA in Standard
Solution 1; W is the weight, in mg, of the sample taken to prepare Test Solution 3; RS is the
ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 1; and RU is the corrected peak response of either EPA or
DHA relative to the internal standard in the chromatogram of Test Solution 3, calculated as
follows:
(rU2/rT2

rU1/rT1) × rT2

in which rU2 is the peak response of any peak at the locus of the internal standard in the
chromatogram of Test Solution 3; rU1 is the peak response of any peak at the locus of the
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internal standard in the chromatogram of Test Solution 4; rT1 is the peak response of EPA or
DHA in the chromatogram of Test Solution 4; and rT2 is the peak response of EPA or DHA in the
chromatogram of Test Solution 3.
Content of Total Omega-3 Acids
Calculate the content of the total omega-3 acids by the formula:
EPA + DHA + ((An

3

× (EPA + DHA))/(AEPA + ADHA))

in which EPA is the content of EPA, in mg per g, obtained from the test for Content for EPA and
DHA; DHA is the content of DHA, in mg per g, obtained from test for Content of EPA and DHA;
An 3 is the sum of the areas of the peaks corresponding to C18:3 n-3, C18:4 n-3, C20:4 n-3,
C21:5 n-3, and C22:5 n-3 methyl esters in the chromatogram obtained with Test Solution 1 for
triglycerides or the corresponding ethyl esters in the chromatogram obtained with Test Solution
3; AEPA is the area of the peak corresponding to the EPA methyl ester in the chromatogram
obtained with Test Solution 1 for triglycerides or the peak corresponding to the EPA ethyl ester
in the chromatogram obtained with Test Solution 3 for ethyl esters; and ADHA is the area of the
peak corresponding to the DHA methyl ester in the chromatogram obtained with Test Solution 1
for triglycerides or the peak corresponding to the DHA ethyl ester in the chromatogram
obtained with Test Solution 3.
WATER AND SEDIMENT IN FIXED OILS
Apparatus—The preferred centrifuge has a diameter of swing (d = distance from tip to tip of
whirling tubes) of 38 to 43 cm and is operated at a speed of about 1500 rpm. If a centrifuge of
different dimensions is used, calculate the desired rate of revolution by the formula:

The centrifuge tubes are pear-shaped, and are shaped to accept closures. The total capacity
of each tube is about 125 mL. The graduations are clear and distinct, reading upward from the
bottom of the tube according to the scale shown in the accompanying table.
Volume (mL)
0 to 3
3 to 5
5 to 10
10 to 25
25 to 50
50 to 100

Scale Division (mL)
0.1
0.5
1.0
5.0
25.0
50.0

Procedure—Place 50.0 mL of benzene in each of two centrifuge tubes, and to each tube add
50.0 mL of the oil, warmed if necessary to re-incorporate separated stearin, and mixed
thoroughly at 25 . Insert the stopper tightly into the tubes, and shake them vigorously until
the contents are mixed thoroughly, then immerse the tubes in a water bath at 50 for 10
minutes. Centrifuge for 10 minutes. Read the combined volume of water and sediment at the
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bottom of each tube. Centrifuge repeatedly for 10-minute periods until the combined volume of
water and sediment remains constant for 3 consecutive readings. The sum of the volumes of
combined water and sediment in the two tubes represents the percentage, by volume, of water
and sediment in the oil.
ANISIDINE VALUE
The Anisidine Value is defined as 100 times the optical density measured in a 1-cm cell of a
solution containing 1 g of the substance to be examined in 100 mL of a mixture of solvents and
reagents according to the method described below. [Note—Carry out the operations as rapidly
as possible, avoiding exposure to actinic light. ]
Test Solution A—Dissolve 0.500 g of the substance to be examined in isooctane, and dilute
with the same solvent to 25.0 mL.
Test Solution B—To 5.0 mL of Test Solution A add 1.0 mL of a 2.5 g per L solution of panisidine in glacial acetic acid, shake, and store protected from light.
Standard Solution—To 5.0 mL of isooctane add 1.0 mL of a 2.5 g per L solution of p-anisidine
in glacial acetic acid, shake, and store protected from light.
Procedure—Measure the absorbance of Test Solution A at 350 nm using isooctane as the
blank. Measure the absorbance of Test Solution B at 350 nm exactly 10 minutes after its
preparation, using the Standard Solution as the compensation liquid. Calculate the Anisidine
Value from the expression:
25(1.2As

Ab)/m

in which As is the absorbance of Test Solution B at 350 nm; Ab is the absorbance of Test
Solution A at 350 nm; and m is the weight, in g, of the substance to be examined in Test
Solution A.
TOTAL OXIDATION VALUE (TOTOX)
Total Oxidation Value is defined by the formula:
2PV + AV
in which PV is the Peroxide Value, and AV is the Anisidine Value.
Change to read:
TRACE METALS
Apparatus
The apparatus typically consists of the following:
Digestion Flasks—Use a polytetrafluoroethylene flask with a volume of about 120 mL, fitted
with an airtight closure, a valve to adjust the pressure inside the container, and a
polytetrafluoroethylene tube to allow the release of gas.
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System—Make the flask airtight, using the same torsional force for each of them.
Microwave Oven—It has a magnetron frequency of 2450 MHz, with a selectable output from 0
to 630 ± 70 W in 1% increments, a programmable digital computer, a polytetrafluoroethylenecoated microwave cavity with a variable speed exhaust fan, a rotating turntable drive system,
and exhaust tubing to vent fumes.
Atomic Absorption Spectrometer—It is equipped with a hollow-cathode lamp as the source
of radiation and a deuterium lamp as a background corrector; the system is fitted with the
following:
1. A graphite furnace as the atomization device for cadmium, copper, iron, lead, nickel,
and zinc.
2. An automated continuous-flow hydride vapor generation system for arsenic and
mercury.
General Procedure
[Caution—When using closed high-pressure digestion vessels and microwave laboratory
equipment, the safety precautions and operating instructions given by the manufacturer must
be followed. ]
NOTE—If an alternative apparatus is used, adjustment of the instrument parameters may be
necessary.
Cleaning—Clean all the glassware and laboratory equipment with a 10 mg per mL solution of
nitric acid before use.
Trace Metal–Free Nitric Acid—Nitric acid meets the requirements with the maximum values for
arsenic (As), cadmium (Cd), copper (Cu), iron (Fe), mercury (Hg), lead (Pb), nickel (Ni), and
zinc (Zn) equal to 0.005, 0.005, 0.001, 0.02, 0.002, 0.001, 0.005, and 0.01 ppm, respectively.
Trace Metal–Free Hydrochloric Acid—Hydrochloric acid meets the requirements with the
maximum values for As, Cd, Cu, Fe, Hg, Pb, Ni, and Zn equal to 0.005, 0.003, 0.003, 0.05,
0.005, 0.001, 0.004, and 0.005 ppm, respectively.
Trace Metal–Free Sulfuric Acid—Sulfuric acid meets the requirements with the maximum
values for As, Cd, Cu, Fe, Hg, Pb, Ni, and Zn equal to 0.005, 0.002, 0.001, 0.05, 0.005, 0.001,
0.002, and 0.005 ppm, respectively.
Test Stock Solution—In a digestion flask place about 0.5 g of fatty oil, accurately weighed, as
indicated in each individual monograph. Add 6 mL of Trace Metal–Free Nitric Acid and 4 mL of
Trace Metal–Free Hydrochloric Acid. Close the flask.
Blank Stock Solution—Mix 6 mL of Trace Metal–Free Nitric Acid and 4 mL of Trace Metal–Free
Hydrochloric Acid in a digestion flask.
Test Solution 1—Place the digestion flask containing the Test Stock Solution in the microwave
oven. Carry out the digestion in three steps according to the following program: 80% power for
15 minutes, 100% power for 5 minutes, and 80% power for 20 minutes.
At the end of the cycle allow the flask to cool. Add 4 mL of Trace Metal–Free Sulfuric Acid to
the flask. Repeat the digestion program. After completing the digestion, allow the flask to cool
to room temperature. Open the digestion flask, and transfer the clear, colorless solution
obtained into a 50-mL volumetric flask. Rinse the digestion flask with two quantities, 15 mL
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each, of water, and collect the rinsings in the volumetric flask. Add 1.0 mL of a 10 mg per mL
solution of magnesium nitrate and 1.0 mL of a 100 mg per mL solution of ammonium dihydrogen
phosphate to the volumetric flask. Dilute with water to volume, and mix. This solution is Test
Solution 1.
Blank Solution 1—Place the digestion flask containing Blank Stock Solution in the microwave
oven. Proceed as directed under Test Solution 1 beginning with “Carry out the digestion in
three steps according to the following program”.
Direct Calibration—[Note—Concentrations of the standard solutions will depend on the metal
contents of the test substance. ] For routine measurements, three standard solutions, Blank
Solution 1, and Test Solution 1 are prepared and examined.
Use Test Solution 1 and Blank Solution 1 as prepared above or as indicated in the monograph.
Prepare not fewer than three standard solutions containing all the metal elements to be tested.
The expected absorbance value in Test Solution 1 for each metal element should be within its
corresponding calibrated absorbance range, preferably in the middle of the calibrated
absorbance range. Any reagents used in the preparation of Test Solution 1 are added at the
same concentration to the standard solutions.
Introduce each of the solutions into the instrument using the same number of replicates for
each of the solutions to obtain a steady reading.
Prepare a calibration curve from the mean of the readings obtained with the standard solutions
by plotting the means as a function of concentration. Determine the concentration of the
element in Test Solution 1 from the curve obtained.
Standard Additions—Add to at least four identical volumetric flasks equal volumes of Test
Solution 1, as prepared above or as indicated in the monograph. Add to all but one of the flasks
progressively larger volumes of a standard solution containing a known concentration of the
test element to produce a series of solutions containing steadily increasing concentrations of
that element known to give responses in the linear part of the curve. Dilute the contents of
each flask with the solvent specified in the monograph to volume, and mix. The flask without an
addition of standard solution is labeled as the test solution.
Introduce each of the solutions into the instrument, using the same number of replicates for
each of the solutions, to obtain a steady reading.
Plot the absorbances of the standard solutions and the test solution versus the added quantity
of test element. [Note—The test solution should be plotted as if it had a content of added test
element equivalent to 0 mg or µg. ] Extrapolate the line joining the points on the graph until it
meets the concentration axis. The distance between this point and the intersection of the axes
represents the concentration of test element in the test solution.
Specific Tests
cadmium (cd), copper (cu), iron (fe), lead (pb), nickel (ni), and zinc (zn)
Standard Stock Solution—Prepare a solution containing known concentrations of 5 µg per mL
for each test element.
Standard Solutions—In three identical 10-mL volumetric flasks, introduce 10, 20, and 40 µL of
Standard Stock Solution, respectively. To each flask, add 0.1 mL of a 10 mg per mL solution of
magnesium nitrate and 0.1 mL of a 100 mg per mL solution of ammonium dihydrogen phosphate,
0.6 mL of Trace Metal–Free Nitric Acid, 0.4 mL of Trace Metal–Free Hydrochloric Acid, and 0.4
mL of Trace Metal–Free Sulfuric Acid, and mix. USP35
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To each flask, add 5.0 mL of Test Solution 1, dilute with water to volume, and mix.
Test Solution 2—In a 10-mL volumetric flask, add 0.1 mL of a 10 mg per mL solution of
magnesium nitrate and 0.1 mL of a 100 mg per mL solution of ammonium dihydrogen phosphate,
0.6 mL of Trace Metal–Free Nitric Acid, 0.4 mL of Trace Metal–Free Hydrochloric Acid, and 0.4
mL of Trace Metal–Free Sulfuric Acid, and mix. To the flask USP35
add 5.0 mL of Test Solution 1, dilute with water to volume, and mix.
Blank Solution 2—In a 10-mL volumetric flask, add 0.1 mL of a 10 mg per mL solution of
magnesium nitrate and 0.1 mL of a 100 mg per mL solution of ammonium dihydrogen phosphate,
0.6 mL of Trace Metal–Free Nitric Acid, 0.4 mL of Trace Metal–Free Hydrochloric Acid, and 0.4
mL of Trace Metal–Free Sulfuric Acid, and mix. To the flask USP35
add 5.0 mL of Blank Solution 1, dilute with water to volume, and mix.
Procedure—Measure the content of Cd, Cu, Fe, Pb, Ni, and Zn using a suitable graphite
furnace atomic absorption spectrophotometer. Concomitantly determine the absorbances of
Blank Solution 2, the Standard Solutions, and Test Solution 2 at least three times each. The
absorbance value of Blank Solution 2 is subtracted from the value obtained using the Standard
Solutions and Test Solution 2. Proceed as directed in the Standard Additions method in General
Procedure above. See Table 1 for instrumental parameters that may be used.

Wavelength (nm)
Slit (nm)
Lamp current (mA)
Ignition temperature ( )

Table 1
Cd
Cu
228.8
324.8
0.5
0.5
6
7
800
800

Fe
248.3
0.2
5
800

Pb
283.5
0.5
5
800

Ni
232
0.2
10
800

Zn
213.9
0.5
7
800

Atomization temperature ( )

1800

2300

2300

2200

2500

2000

Background corrector
Nitrogen flow (L per minute)

on
3

off
3

off
3

off
3

off
3

off
3

ARSENIC AND MERCURY
Measure the content of arsenic and mercury against their standard solutions of arsenic or
mercury at a known concentration using the Direct Calibration method from the section General
Procedure above, with an automated continuous-flow hydride vapor generation system.
For 1 ppm arsenic specification limit and 1 ppm mercury specification limit, prepare three
working calibration solutions having known concentrations of 5 ng per mL, 10 ng per mL, and 20
ng per mL for each test element, respectively.
The absorbance value of the blank solution is automatically subtracted from the value obtained
using the test solution.
Arsenic—
Blank Solution 3—Add 1.0 mL of a 200 mg per mL solution of potassium iodide to 19.0 mL of
Blank Solution 1 prepared above. Allow this solution to stand at room temperature for about 50
minutes or at 70 for about 4 minutes.
Test Solution 3—Add 1.0 mL of a 200 mg per mL solution of potassium iodide to 19.0 mL of Test
Solution 1 prepared above. Allow this solution to stand at room temperature for about 50
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minutes or at 70 for about 4 minutes.
Acid Reagent 1: Trace Metal–Free Hydrochloric Acid.
Reducing Reagent 1: a 6 mg per mL solution of sodium tetrahydroborate in a 5 mg per mL
solution of sodium hydroxide.
The instrumental parameters in Table 2 may be used.
Mercury—
Blank Solution 4—Proceed as directed for Blank Solution 3.
Test Solution 4—Proceed as directed for Test Solution 3.
Acid Reagent 2: a 515 mg per mL solution of Trace Metal–Free Hydrochloric Acid.
Reducing Reagent 2: a 10 mg per mL solution of stannous chloride in a 200 mg per mL solution
of Trace Metal–Free Hydrochloric Acid.
The instrumental parameters in Table 2 may be used.
Table 2
Wavelength (nm)
Slit width (nm)
Lamp current (mA)
Acid reagent flow rate (mL per
minute)
Reducing reagent flow rate (mL per minute)
Flow rate for the blank, standard, test solutions (mL per
minute)
Absorption cell
Background corrector
Nitrogen flow rate (L per minute)

As
193.7
0.2
10

Hg
253.7
0.5
4

1.0
1.0

1.0
1.0

7.0
Quartz
(heated)
off
0.1

7.0
Quartz
(unheated)
off
0.1

Change to read:
STEROL COMPOSITION
Separation of the Sterol Fraction
Reference Solution A—Dissolve an accurately weighed quantity of cholesterol in chloroform to
obtain a solution of 5% (w/v).
Developing Solvent System: a mixture of toluene and acetone (95:5) or a mixture of hexane
and ether (65:35).
Test Solution A—Weigh accurately 5 g of the test substance into a 250-mL flask. Add 50 mL
of 2 N alcoholic potassium hydroxide alcoholic potassium hydroxide TS 2 (2 N alcoholic
potassium hydroxide), USP35
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and heat to gentle boiling with continuous vigorous stirring until saponification takes place (the
solution becomes clear). Continue heating for a further 20 minutes, and add 50 mL of water
from the top of the condenser. Cool the flask to approximately 30 . Transfer the contents of
the flask to a 500-mL separating funnel with several rinses of water, amounting in all to about
50 mL. Add approximately 80 mL of ether, shake vigorously for approximately 30 seconds, and
allow to settle. [Note—Any emulsion can be destroyed by adding small quantities of ethyl or
methyl alcohol by means of a spray. ] Separate the lower aqueous phase, and collect it into a
second separating funnel. Perform two further extractions on the water–alcohol phase in the
same way, using 60 to 70 mL of ether on each occasion. Pool the ether extracts into a single
separating funnel, and wash with water, 50 mL at a time, until the wash water is no longer
alkaline to phenolphthalein. Dry the ether phase with anhydrous sodium sulfate, and filter on
anhydrous sodium sulfate into a previously weighed 250-mL flask, washing the funnel and filter
with small quantities of ether. Distill the ether down to a few mL, and bring to dryness under a
slight vacuum or in a stream of nitrogen. Complete the drying at 100 for approximately 15
minutes, and then weigh after cooling in a desiccator. Dissolve the unsaponifiables so obtained
in chloroform to obtain a solution having a concentration of approximately 5%.
Test Solution B—Treat 5 g of canola oil in the same way as prescribed for the test substance
in Test Solution A, beginning with “Add 50 mL of 2 N alcoholic potassium hydroxide alcoholic
potassium hydroxide TS 2 (2 N alcoholic potassium hydroxide)”. USP35
Test Solution C—Treat 5 g of sunflower oil in the same way as prescribed for the test
substance in Test Solution A, beginning with “Add 50 mL of 2 N alcoholic potassium hydroxide
alcoholic potassium hydroxide TS 2 (2 N alcoholic potassium hydroxide)”. USP35
Procedure—Immerse the thin-layer chromatographic plate (see Chromatography 621 ), 20cm × 20-cm silica gel on polyester with a layer thickness of 200 µm and particle size of 5–17
µm, 1 USP35
completely in the 0.2 N alcoholic potassium hydroxide for 10 seconds, then allow to dry in a
fume cupboard for 2 hours, and finally place at 100 for 1 hour. [Note—Remove from the
validated heating device, and keep the plate in a desiccator until required for use. The plates
must be used within 15 days. Thin-layer chromatographic plates without requiring the
preconditioning are also commercially available. ] Use a separate plate for each test solution.
Place a mixture of toluene and acetone (95:5) or a mixture of hexane and ether (65:35) in the
chamber to a depth of approximately 1 cm. Close the chamber with the appropriate cover, and
leave for at least 30 minutes. Strips of filter paper dipping into the eluent may be placed on the
internal surfaces of the chamber. [Note—The developing mixture should be replaced for every
test to ensure reproducible elution conditions. ] Apply 0.3 mL of Test Solution A approximately 2
cm from the lower edge in a streak which is as thin and as uniform as possible. In line with the
streak, place 2 to 3 µL of Reference Solution A at one end of the plate. Develop the
chromatograms in an equilibrated chamber with the Developing Solvent System until the solvent
front reaches approximately 1 cm from the upper edge of the plate. Remove the plate from the
developing chamber, and evaporate the solvent under a current of hot air [Note—Avoid
excessive heat. ] or by leaving the plate for a short while under a hood. Spray the plate with a
0.2% alcoholic solution of 2,7-dichlorofluorescein, and examine in UV light at 254 nm. [Note
—The plates pretreated with UV indicator are also commercially available and used equivalently.
] In each of the plates, mark the limits of the sterol band identified through being aligned with
the stain obtained from Reference Solution A along the edges of the fluorescence, and
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additionally include the area of the zones 2 to 3 mm above and below the visible zones
corresponding to Reference Solution A. Remove the silica gel in the marked area into a filter
funnel with a G3 porous septum. 2 USP35
Add 10 mL of hot chloroform, mix carefully with the metal spatula, filter under vacuum, and
collect the filtrate in the conical flask attached to the filter funnel. Wash the residue in the
funnel three times with ether, about 10 mL each time, and collect the filtrate in the same flask
attached to the funnel. Evaporate the filtrate to a volume of 4 to 5 mL, transfer the residual
solution to a previously weighed 10-mL test tube with a tapering bottom and a sealing stopper,
and evaporate to dryness by mild heating in a gentle stream of nitrogen. Dissolve the residue in
a few drops of acetone, and evaporate again to dryness. Place at 105 for approximately 10
minutes, allow to cool in a desiccator, and weigh.
Treat Test Solution B and Test Solution C the same way as directed for Test Solution A.
Determination of the Sterols
Test Solution D—To the test tube containing the sterol fraction separated from the test
substance by thin-layer chromatography, add a freshly prepared mixture of anhydrous pyridine,
hexamethyldisilazane, and chlorotrimethylsilane (9:3:1) [Note—This reagent is also commercially
available and used equivalently. ] in the ratio of 50 µL for every mg of sterols, avoiding any
uptake of moisture. Insert the stopper into the test tube, and shake carefully until the sterols
are completely dissolved. Allow it to stand for at least 15 minutes at ambient temperature, and
centrifuge for a few minutes if necessary. Use the supernatant. [Note—The slight opalescence
that may form is normal and does not cause an anomaly. However, the formation of a white
floc or the appearance of a pink color is indicative of the presence of moisture or deterioration
of the reagent. If these occur, the test must be repeated. ]
Reference Solution E—To 9 parts of the sterols separated from canola oil by thin-layer
chromatography, add 1 part of cholesterol. Treat the mixture in the same way as directed for
Test Solution D.
Reference Solution F—Treat the sterols separated from sunflower oil by thin-layer
chromatography in the same way as directed for Test Solution D.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is
equipped with a flame-ionization detector and a glass or fused-silica capillary column of length
20 to 30 m, internal diameter 0.25 to 0.32 mm, entirely coated with a 0.10- to 0.30-µm layer of
stationary phase G27 or G36. The injection port temperature is maintained at 280 , the
detector temperature is maintained at 290 , and the column temperature is maintained at 260
± 5 . The carrier gas is either helium with a linear velocity of 20 to 35 cm per second or
hydrogen with a linear velocity of 30 to 50 cm per second. A split ratio of 1:50 to 1:100 is
used. Chromatograph Reference Solution E and Reference Solution F, and record the peak
responses as directed for Procedure: the retention time should be 20 ± 5 minutes for sitosterol, and all the sterols present must be separated. The chromatogram obtained with
Reference Solution E shows four principal peaks corresponding to cholesterol, brassicasterol,
campesterol, and

-sitosterol; and the chromatogram obtained with Reference Solution F

shows four principal peaks corresponding to campesterol, stigmasterol,
stigmastenol. The retention times of the sterols with reference to

-sitosterol, and D7-

-sitosterol are given in

PF 37(1): Jan.-Feb. 2011

195

Table 3.
Table 3. Relative Retention Times of Sterols for Two Different Columns
Identification
G36 Column
G27 Column
Cholesterol
0.67
0.63
Brassicasterol
0.73
0.71
24-Methylene-cholesterol
0.82
0.80
Campesterol
0.83
0.81
Campestanol
0.85
0.82
Stigmasterol
0.88
0.87
D7-Campesterol
0.93
0.92
D5,23-Stigmastadienol
0.95
0.95
Clerosterol
0.96
0.96
-Sitosterol
1.00
1.00
Sitostanol
D5-Avenasterol
D5,24-Stigmastadienol
D7-Stigmastenol
D7-Avenasterol

1.02
1.03
1.08
1.12
1.16

1.02
1.03
1.08
1.12
1.16

Procedure—Separately inject equal volumes (about 1 µL) of Test Solution D, Reference
Solution E, and Reference Solution F into the chromatograph, record the chromatograms, and
measure the peak areas for the sterols. Calculate the percentage of each individual sterol in
the sterol fraction of the test substance taken by the formula:
100(A/S)
in which A is the area of the peak due to the sterol component to be determined, and S is the
sum of the areas of the peaks due to the components indicated in Table 3.
1 A commercial TLC plate may be obtained from Sigma-Aldrich, catalog #z122785. USP35
2 A commercial product may be obtained from Kimble/Kontes as a filter, buchner with fritted disc, Kimax
28400-152. USP35
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RESIDUAL SOLVENTS
INTRODUCTION
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This general chapter applies to existing drug substances, excipients, and products. All
substances and products are subject to relevant control of solvents likely to be present in a
substance or product.
Where the limits to be applied comply with those given below, tests for residual solvents are
not generally mentioned in specific monographs because the solvents employed may vary from
one manufacturer to another.
The objective of this general chapter is to provide acceptable amounts of residual solvents in
pharmaceuticals for the safety of the patient. The general chapter recommends the use of less
toxic solvents and describes levels considered to be toxicologically acceptable for some residual
solvents.
For pharmacopeial purposes, residual solvents in pharmaceuticals are defined as organic volatile
chemicals that are used or produced in the manufacture of drug substances or excipients, or in
the preparation of drug products. The residual solvents are not completely removed by
practical manufacturing techniques. Appropriate selection of the solvent for the synthesis of a
drug substance or an excipient may enhance the yield, or determine characteristics such as
crystal form, purity, and solubility. Therefore, the solvent may sometimes be a critical element
in the synthetic process. This general chapter does not address solvents deliberately used as
excipients nor does it address solvates. However, the content of solvents in such products
should be evaluated and justified.
Because residual solvents do not provide therapeutic benefit, they should be removed, to the
extent possible, to meet ingredient and product specifications, good manufacturing practices,
or other quality-based requirements. Drug products should contain no higher levels of residual
solvents than can be supported by safety data. Solvents that are known to cause
unacceptable toxicities (Class 1, Table 1) should be avoided in the production of drug
substances, excipients, or drug products unless their use can be strongly justified in a riskbenefit assessment. Solvents associated with less severe toxicity (Class 2, Table 2) should be
limited in order to protect patients from potential adverse effects. Ideally, less toxic solvents
(Class 3, Table 3) should be used where practical. The complete list of solvents included in this
general chapter is given in Appendix 1. These tables and the list are not exhaustive. For the
purposes of this Pharmacopeia, when a manufacturer has received approval from a competent
regulatory authority for the use of a new solvent not currently listed in this general chapter, it
is the responsibility of that manufacturer to notify the USP regarding the identity of this
solvent, the approved residual solvent limit in the article, and the appropriate test procedure
for this residual solvent in the article. The USP will then address this topic in the individual
monograph. When a new solvent has been approved through the ICH process, this new solvent
will be added to the appropriate list in this general chapter. At that time consideration will be
given for removal of the specific solvent test requirement in the individual monograph.
Testing of drug substances, excipients, and drug products for residual solvents should be
performed when production or purification processes are known to result in the presence of
such residual solvents. It is only necessary to test for residual solvents that are used or
produced in the manufacture or purification of drug substances, excipients, or products.
Although manufacturers may choose to test the drug product, a cumulative procedure may be
used to calculate the residual solvent levels in the drug product from the levels in the
ingredients used to produce the drug product. If the calculation results in a level equal to or
below that provided in this general chapter, no testing of the drug product for residual solvents
need be considered. If, however, the calculated level is above the recommended level, the drug
product should be tested to ascertain whether the formulation process has reduced the
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relevant solvent level to within the acceptable amount. A drug product should also be tested if
a residual solvent is used during its manufacture.
For the purposes of this Pharmacopeia, when a manufacturer has received approval from a
competent regulatory authority for a higher level of residual solvent, it is the responsibility of
that manufacturer to notify the USP regarding the identity of this solvent and the approved
residual solvent limit in the article. The USP will then address this topic in the individual
monograph.
See Appendix 2 for additional background information related to residual solvents.
CLASSIFICATION OF RESIDUAL SOLVENTS BY RISK ASSESSMENT
The term “tolerable daily intake” (TDI) is used by the International Program on Chemical Safety
(IPCS) to describe exposure limits of toxic chemicals and the term “acceptable daily intake”
(ADI) is used by the World Health Organization (WHO) and other national and international
health authorities and institutes. The term “permitted daily exposure” (PDE) is defined as a
pharmaceutically acceptable intake of residual solvents to avoid confusion of differing values
for ADIs of the same substance.
Residual solvents assessed in this general chapter are listed in Appendix 1 by common names
and structures. They were evaluated for their possible risk to human health and placed into one
of three classes as follows:
Residual
Solvent
Class

Class 1

Class 2

Class 3

Assessment
Solvents to be avoided
Known human carcinogens
Strongly suspected human carcinogens
Environmental hazards
Solvents to be limited
Nongenotoxic animal carcinogens or possible causative agents of other
irreversible toxicity, such as neurotoxicity or teratogenicity.
Solvents suspected of other significant but reversible toxicities.
Solvents with low toxic potential
Solvents with low toxic potential to humans; no health-based exposure limit is
needed. [Note—Class 3 residual solvents have PDEs of 50 mg or more per day.
]*

* For residual solvents with PDEs of more than 50 mg per day, see the discussion in the
section Class 3 under Limits of Residual Solvents.
METHODS FOR ESTABLISHING EXPOSURE LIMITS
The method used to establish permitted daily exposures for residual solvents is presented in
Appendix 3.
For articles that are designated “for veterinary use only”, higher levels for the PDE and
concentration limit may be justified in exceptional cases based upon the actual daily dose,
actual target species, and relevant toxicological data and considering consumer safety impact.
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For the purpose of this Pharmacopeia, when a manufacturer has received approval from a
competent regulatory authority for a higher limit, it is the responsibility of that manufacturer to
notify the USP regarding the approved residual solvent limit in the article and the justification.
The USP will then address this topic in the individual monograph.
OPTIONS FOR DESCRIBING LIMITS OF CLASS 2 RESIDUAL SOLVENTS
Two options are available when setting limits for Class 2 residual solvents.
Option 1
The concentration limits in ppm stated in Table 2 are used. They were calculated using
equation (1) below by assuming a product weight of 10 g administered daily.
Concentration (ppm) = (1000 µg/mg x PDE)/dose
Here, PDE is given in terms of mg per day, and dose is given in g per day.
These limits are considered acceptable for all drug substances, excipients, and drug products.
Therefore, this option may be applied if the daily dose is not known or fixed. If all drug
substances and excipients in a formulation meet the limits given in Option 1, these components
may be used in any proportion. No further calculation is necessary provided the daily dose does
not exceed 10 g. Products that are administered in doses greater than 10 g per day are to be
considered under Option 2.
Option 2
It is not necessary for each component of the drug product to comply with the limits given in
Option 1. The PDE in terms of mg per day as stated in Table 2 can be used with the known
maximum daily dose and equation (1) above to determine the concentration of residual solvent
allowed in a drug product. Such limits are considered acceptable provided that it has been
demonstrated that the residual solvent has been reduced to the practical minimum. The limits
should be realistic in relation to analytical precision, manufacturing capability, and reasonable
variation in the manufacturing process. The limits should also reflect contemporary
manufacturing standards.
Option 2 may be applied by adding the amounts of a residual solvent present in each of the
components of the drug product. The sum of the amounts of solvent per day should be less
than that given by the PDE.
Consider an example of the application of Option 1 and Option 2 to acetonitrile concentration in
a drug product. The permitted daily exposure to acetonitrile is 4.1 mg per day; thus, the Option
1 limit is 410 ppm. The maximum administered daily weight of a drug product is 5.0 g, and the
drug product contains two excipients. The composition of the drug product and the calculated
maximum content of residual acetonitrile are given in the following table.

Component
Drug substance
Excipient 1

Amount in
Formulation
(g)
0.3
0.9

Acetonitrile
Content
(ppm)
800
400

Daily
Exposure
(mg)
0.24
0.36
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Excipient 2
Drug product

3.8
5.0

800
728

3.04
3.64

Excipient l meets the Option 1 limit, but the drug substance, excipient 2, and drug product do
not meet the Option 1 limit. Nevertheless, the drug product meets the Option 2 limit of 4.1 mg
per day and thus conforms to the acceptance criteria in this General Chapter.
Consider another example using acetonitrile as the residual solvent. The maximum administered
daily weight of a drug product is 5.0 g, and the drug product contains two excipients. The
composition of the drug product and the calculated maximum content of residual acetonitrile
are given in the following table.

Component
Drug substance
Excipient 1
Excipient 2
Drug product

Amount in
Formulation
(g)
0.3
0.9
3.8
5.0

Acetonitrile
Content
(ppm)
800
2000
800
1016

Daily
Exposure
(mg)
0.24
1.80
3.04
5.08

In this example, the drug product meets neither the Option 1 nor the Option 2 limit according to
this summation. The manufacturer could test the drug product to determine if the formulation
process reduced the level of acetonitrile. If the level of acetonitrile was not reduced to the
allowed limit during formulation, the product fails to meet the solvent limits as described in this
chapter and the manufacturer of the drug product should take other steps to reduce the
amount of acetonitrile in the drug product. In some instances the manufacturer may have
received approval from a competent regulatory authority for such a higher level of residual
solvent. If this is the case, it is the responsibility of that manufacturer to notify the USP
regarding the identity of this solvent and the approved residual solvent limit in the article. The
USP will then address this topic in the individual monograph.
ANALYTICAL PROCEDURES
Residual solvents are typically determined using chromatographic techniques such as gas
chromatography. Compendial methods for testing for residual solvent content are described
under the Identification, Control, and Quantification of Residual Solvents section of this general
chapter. The General Notices discuss the use of other methods in special circumstances (see
Procedures in Tests and Assays). If Class 3 solvents are present, a nonspecific method such as
loss on drying may be used.
REPORTING LEVELS OF RESIDUAL SOLVENTS
Manufacturers of pharmaceutical products need certain information about the content of
residual solvents in drug substances or excipients in order to meet the criteria of this general
chapter. The following statements are given as acceptable examples of the information that
could be provided from a supplier of drug substances or excipients to a pharmaceutical
manufacturer. The supplier might choose one of the following as appropriate:
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Only Class 3 solvents are likely to be present. Loss on drying is less than 0.5%.
Only Class 2 solvents X, Y, ... are likely to be present. All are below the Option 1 limit.
(Here the supplier would name the Class 2 solvents represented by X, Y, ...)
Only Class 2 solvents X, Y, ... and Class 3 solvents are likely to be present. Residual
Class 2 solvents are below the Option 1 limit and residual Class 3 solvents are below
0.5%.
The phrase “likely to be present” as used in the above examples refers to the solvent used or
produced in the final manufacturing step and to solvents that are used or produced in earlier
manufacturing steps and not removed consistently by a validated process.
If Class 1 solvents are likely to be present, they should be identified and quantified. If solvents
of Class 2 or 3 are present at greater than their Option 1 limits or 0.5%, respectively, they
should be identified and quantified.
Change to read:
LIMITS OF RESIDUAL SOLVENTS
Ethylene Oxide
[Note—The test for ethylene oxide is conducted only where specified in the individual
monograph. ] The standard solution parameters and the procedure for determination are
described in the individual monograph. Unless otherwise specified in the individual monograph,
the limit is 10 µg per g.
USP35

Class 1 (solvents to be avoided)
Class 1 residual solvents (Table 1) should not be employed in the manufacture of drug
substances, excipients, and drug products because of the unacceptable toxicities or
deleterious environmental effects of these residual solvents. However, if their use in order to
produce a medicinal product with a significant therapeutic advance is unavoidable, their levels
should be restricted as shown in Table 1, unless otherwise stated in the individual monograph.
The solvent 1,1,1-trichloroethane is included in Table 1 because it is an environmental hazard.
The stated limit of 1500 ppm is based on a review of safety data.
When Class 1 residual solvents are used or produced in the manufacture or purification of a
drug substance, excipient, or drug product and are not removed by the process, these solvents
should be identified and quantified. The procedures described in the Identification, Control, and
Quantification of Residual Solvents section of this general chapter are to be applied wherever
possible. Otherwise an appropriate validated procedure is to be employed.
Table 1. Class 1 Residual Solvents
(solvents that should be avoided)
Concentration
Solvent
Limit (ppm)
Concern
Benzene
2
Carcinogen
Carbon tetrachloride
4
Toxic and environmental hazard
1,2-Dichloroethane
5
Toxic
1,1-Dichloroethene
8
Toxic

PF 37(1): Jan.-Feb. 2011

1,1,1-Trichloroethane

201

1500

Environmental hazard

Class 2
Class 2 residual solvents (Table 2) should be limited in drug substances, excipients, and drug
products because of the inherent toxicities of the residual solvents. PDEs are given to the
nearest 0.1 mg per day, and concentrations are given to the nearest 10 ppm. The stated
values do not reflect the necessary analytical precision of the determination procedure.
Precision should be determined as part of the procedure validation.
If Class 2 residual solvents are present at greater than their Option 1 limits, they should be
identified and quantified. The procedures described in the Identification, Control, and
Quantification of Residual Solvents section of this general chapter are to be applied wherever
possible. Otherwise an appropriate validated procedure is to be employed.
[Note—The following Class 2 residual solvents are not readily detected by the headspace
injection conditions described in the Identification, Control, and Quantification of Residual
Solvents section of this general chapter: formamide, 2-ethoxyethanol, 2-methoxyethanol,
ethylene glycol, N-methylpyrrolidone, and sulfolane. Other appropriate validated procedures are
to be employed for the quantification of these residual solvents. Such procedures shall be
submitted to the USP for review and possible inclusion in the relevant individual monograph. In
addition, USP Residual Solvent Class 2—Mixture C RS can be used to develop an alternative
procedure. ]
Table 2. Class 2 Residual Solvents
PDE
Concentration
Solvent
(mg/day)
Limit (ppm)
Acetonitrile
4.1
410
Chlorobenzene
3.6
360
Chloroform
0.6
60
Cyclohexane
38.8
3880
1,2-Dichloroethene
18.7
1870
1,2-Dimethoxyethane
1.0
100
N,N-Dimethylacetamide
10.9
1090
N,N-Dimethylformamide
8.8
880
1,4-Dioxane
3.8
380
2-Ethoxyethanol
1.6
160
Ethylene glycol
6.2
620
Formamide
2.2
220
Hexane
2.9
290
Methanol
30.0
3000
2-Methoxyethanol
0.5
50
Methylbutylketone
0.5
50
Methylcyclohexane
11.8
1180
Methylene chloride
6.0
600
N-Methylpyrrolidone
5.3
530
Nitromethane
0.5
50
Pyridine
2.0
200
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Sulfolane
1.6
160
Tetrahydrofuran
7.2
720
Tetralin
1.0
100
Toluene
8.9
890
Trichloroethylene
0.8
80
*
Xylene
21.7
2170
* Usually 60% m-xylene, 14% p-xylene, 9% o-xylene with 17% ethyl benzene.
Class 3
Class 3 residual solvents (Table 3) may be regarded as less toxic and of lower risk to human
health than Class 1 and Class 2 residual solvents. Class 3 includes no solvent known as a
human health hazard at levels normally accepted in pharmaceuticals. However, there are no
long-term toxicity or carcinogenicity studies for many of the residual solvents in Class 3.
Available data indicate that they are less toxic in acute or short-term studies and negative in
genotoxicity studies.
It is considered that amounts of these residual solvents of 50 mg per day or less
(corresponding to 5000 ppm or 0.5% under Option 1) would be acceptable without justification.
Higher amounts may also be acceptable provided they are realistic in relation to manufacturing
capability and good manufacturing practice. For the purposes of this Pharmacopeia, when a
manufacturer has received approval from a competent regulatory authority for such a higher
level of residual solvent, it is the responsibility of that manufacturer to notify the USP regarding
the identity of this solvent and the approved residual solvent limit in the article. The USP will
then address this topic in the individual monograph. If a Class 3 solvent limit in an individual
monograph is greater than 50 mg per day, that residual solvent should be identified and
quantified. The procedures described in the Identification, Control, and Quantification of
Residual Solvents section of this general chapter, with appropriate modifications to the
standard solutions, are to be applied wherever possible. Otherwise an appropriate validated
procedure is to be employed.
Table 3. Class 3 Residual Solvents
(limited by GMP or other quality-based requirements in drug substances, excipients, and drug
products)
Acetic acid
Heptane
Acetone
Isobutyl acetate
Anisole
Isopropyl acetate
1-Butanol
Methyl acetate
2-Butanol
3-Methyl-1-butanol
Butyl acetate
Methylethylketone
tert-Butylmethyl ether Methylisobutylketone
Cumene
2-Methyl-l-propanol
Dimethyl sulfoxide
Pentane
Ethanol
1-Pentanol
Ethyl acetate
1-Propanol
Ethyl ether
2-Propanol
Ethyl formate
Propyl acetate
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Formic acid
Other Residual Solvents
The residual solvents listed in Table 4 may also be of interest to manufacturers of drug
substances, excipients, or drug products. However, no adequate toxicological data on which to
base a PDE was found.
Table 4. Other Residual Solvents
(for which no adequate toxicological data was found)
1,1-Diethoxypropane Methyl isopropyl ketone
1,1-Dimethoxymethane Methyltetrahydrofuran
2,2-Dimethoxypropane Solvent hexane
Isooctane
Trichloroacetic acid
Isopropyl ether
Trifluoroacetic acid
Change to read:
IDENTIFICATION, CONTROL, AND QUANTIFICATION OF RESIDUAL SOLVENTS
Whenever possible, the substance under test needs to be dissolved to release the residual
solvent. Because the USP deals with drug products, as well as active ingredients and
excipients, it may be acceptable that in cases some of the components of the formulation will
not dissolve completely. In those cases, the drug product may first need to be pulverized into a
fine powder so that any residual solvent that may be present can be released. This operation
should be as fast as possible to prevent the loss of volatile solvents during the procedure.
NOTE—The organic-free water specified in the following procedures produces no significantly
interfering peaks when chromatographed.
Class 1 and Class 2 Residual Solvents
The following procedures are useful to identify and quantify residual solvents when the
information regarding which solvents are likely to be present in the material is not available.
When the information about the presence of specific residual solvents is available, only
Procedure C is needed to quantify the amount of residual solvents present. A flow diagram for
the application of the residual solvent limit tests is shown in Figure 1.
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Figure 1. Diagram relating to the identification of residual solvents and the application of limit
tests.
WATER-SOLUBLE ARTICLES
Procedure A—
Class 1 Standard Stock Solution— [Note—When transferring solutions, place the tip of the
pipet just below the surface of the liquid, and mix. ] 1S (USP33)
Transfer 1.0 mL of USP Class 1 Residual Solvents Mixture RS to a 100-mL volumetric flask,
previously filled with about 1S (USP33)
9 mL of dimethyl sulfoxide, dilute with water to volume, and mix. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask, previously filled with about 50 mL of water, 1S (USP33)
dilute with water to volume, and mix. Transfer 10 mL of this solution to a 100-mL volumetric
flask, previously filled with about 50 mL of water, 1S (USP33)
dilute with water to volume, and mix.
Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard Stock Solution to an
appropriate headspace vial containing 5.0 mL of water (place the tip of the pipet just below
the surface of the liquid for dispensing), 1S (USP33)
apply the stopper, cap, and mix.
Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Residual Solvents Class 2—Mixture A
RS to a 100-mL volumetric flask, dilute with water to volume, and mix. This is Class 2 Standard
Stock Solution A. Transfer 1.0 mL of USP Residual Solvents Class 2—Mixture B RS to a 100-mL
volumetric flask, dilute with water to volume, and mix. This is Class 2 Standard Stock Solution
B.
Class 2 Mixture A Standard Solution—Transfer 1.0 mL of Class 2 Standard Stock Solution A to
an appropriate headspace vial, add 5.0 mL of water, apply the stopper, cap, and mix.
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Class 2 Mixture B Standard Solution—Transfer 5.0 mL of Class 2 Standard Stock Solution B to
an appropriate headspace vial, add 1.0 mL of water, apply the stopper, cap, and mix.
Test Stock Solution—Transfer about 250 mg of the article under test, accurately weighed, to a
25-mL volumetric flask, dissolve in and dilute with water to volume, and mix.
Test Solution—Transfer 5.0 mL of Test Stock Solution to an appropriate headspace vial, add 1.0
mL of water, apply the stopper, cap, and mix.
Class 1 System Suitability Solution—Transfer 1.0 mL of Class 1 Standard Stock Solution to an
appropriate headspace vial, add 5.0 mL of Test Stock Solution, apply the stopper, cap, and mix.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is equipped
with a flame-ionization detector and a 0.32-mm × 30-m fused-silica column coated with a 1.8µm layer of phase G43 or a 0.53-mm × 30-m wide-bore column coated with a 3.0-µm layer of
phase G43. The carrier gas is nitrogen or helium with a linear velocity of about 35 cm per
second, and a split ratio of 1:5. [Note—The split ratio can be modified in order to optimize
sensitivity. ] The column temperature is maintained at 40 for 20 minutes, then raised at a rate
of 10 per minute to 240 , and maintained at 240 for 20 minutes. The injection port and
detector temperatures are maintained at 140 and 250 , respectively. Chromatograph the Class
1 Standard Solution, Class 1 System Suitability Solution, and Class 2 Mixture A Standard
Solution, and record the peak responses as directed for Procedure: the signal-to-noise ratio of
1,1,1-trichloroethane in the Class 1 Standard Solution is not less than 5; the signal-to-noise
ratio of each peak in the Class 1 System Suitability Solution is not less than 3; and the
resolution, R, between acetonitrile and methylene chloride in the Class 2 Mixture A Standard
Solution is not less than 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (following one of
the headspace operating parameter sets described in Table 5 below) equal volumes of
headspace (about 1.0 mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard
Solution, Class 2 Mixture B Standard Solution, and the Test Solution into the chromatograph,
record the chromatograms, and measure the responses for the major peaks. If a peak response
of any peak, other than a peak for 1,1,1-trichloroethane, in the Test Solution is greater than or
equal to a corresponding peak in either the Class 1 Standard Solution or either of the two Class
2 Mixture Standard Solutions, or a peak response of 1,1,1-trichloroethane is greater than or
equal to 150 times the peak response corresponding to 1,1,1-trichloroethane in the Class 1
Standard Solution, proceed to Procedure B to verify the identity of the peak; otherwise the
article meets the requirements of this test.
Table 5. Headspace Operating Parameters
Headspace Operating
Parameter Sets
Equilibration temperature ( )

1
80

2
105

3
80

Equilibration time (min.)
Transfer-line temperature ( ) (if appropriate)

60
85

45
110

45
105
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80–90

105–115

80–90

Carrier gas: nitrogen or helium at an appropriate pressure
Pressurization time (s) (if appropriate)

60

60

60

Injection volume (mL)*

1

1

1

* Or follow the instrument manufacturer's recommendations, as long as the method criteria are
met. Injecting less than this amount is allowed as long as adequate sensitivity is achieved.
Procedure B—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 2 Standard Stock Solutions,
Class 2 Mixture A Standard Solution, Class 2 Mixture B Standard Solution, Test Stock Solution,
Test Solution, and Class 1 System Suitability Solution—Prepare as directed for Procedure A.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is equipped
with a flame-ionization detector and a 0.32-mm × 30-m fused-silica column coated with a
0.25-µm layer of phase G16 or a 0.53-mm × 30-m wide-bore column coated with a 0.25-µm
layer of phase G16. The carrier gas is nitrogen or helium with a linear velocity of about 35 cm
per second and a split ratio of 1:5. [Note—The split ratio can be modified in order to optimize
sensitivity. ] The column temperature is maintained at 50 for 20 minutes, then raised at a rate
of 6 per minute to 165 , and maintained at 165 for 20 minutes. The injection port and
detector temperatures are maintained at 140 and 250 , respectively. Chromatograph the Class
1 Standard Solution and the Class 1 System Suitability Solution, and record the peak responses
as directed for Procedure: the signal-to-noise ratio of benzene in the Class 1 Standard Solution
is not less than 5; the signal-to-noise ratio of each peak in the Class 1 System Suitability
Solution is not less than 3; and the resolution, R, between acetonitrile and cis-dichloroethene in
the Class 2 Mixture A Standard Solution is not less than 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (following one of
the headspace operating parameter sets described in Table 5) equal volumes of headspace
(about 1.0 mL) of the Class 1 Standard Solution, the Class 2 Mixture A Standard Solution, the
Class 2 Mixture B Standard Solution, and the Test Solution into the chromatograph, record the
chromatograms, and measure the responses for the major peaks. If the peak response(s) in the
Test Solution of the peak(s) identified in Procedure A is/are greater than or equal to a
corresponding peak(s) in either the Class 1 Standard Solution or either of the two Class 2
Mixture Standard Solutions, proceed to Procedure C to quantify the peak(s); otherwise the
article meets the requirements of this test.
Procedure C—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 2 Standard Stock Solution A,
Class 2 Mixture A Standard Solution, Test Stock Solution, Test Solution, and Class 1 System
Suitability Solution—Prepare as directed for Procedure A.
Standard Stock Solution— 1S (USP33)
[Note—Prepare a separate Standard Stock Solution 1S (USP33)
for each peak identified and verified by Procedures A and B. For the Class 1 solvents other than
1,1,1-trichloroethane, prepare the first dilution as directed for the first dilution under Class 1
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Standard Stock Solution in Procedure A. ] Transfer an accurately measured volume of each
individual USP Reference Standard corresponding to each residual solvent peak identified and
verified by Procedures A and B to a suitable container, and dilute quantitatively, and stepwise if
necessary, with water to obtain a solution having a final concentration of 1/20 of the value
stated in Table 1 or 2 (under Concentration Limit).
Standard Solution—Transfer 1.0 mL of this solution to an appropriate headspace vial, add 5.0
mL of water, apply the stopper, cap, and mix. 1S (USP33)

Spiked Test Solution—[Note—Prepare a separate Spiked Test Solution for each peak identified
and verified by Procedures A and B. ] Transfer 5.0 mL of Test Stock Solution to an appropriate
headspace vial, add 1.0 mL of the Standard Stock Solution, 1S (USP33)
apply the stopper, cap, and mix.
Chromatographic System (see Chromatography 621 )— [Note—If the results of the
chromatography from Procedure A are found to be inferior to those found with Procedure B, the
Chromatographic System from Procedure B may be substituted. ] The gas chromatograph is
equipped with a flame-ionization detector and a 0.32-mm × 30-m fused-silica column coated
with a 1.8-µm layer of phase G43 or a 0.53-mm × 30-m wide-bore column coated with a 3.0µm layer of phase G43. The carrier gas is nitrogen or helium with a linear velocity of about 35
cm per second, and a split ratio of 1:5. [Note—The split ratio can be modified in order to
optimize sensitivity. ] The column temperature is maintained at 40 for 20 minutes, then raised
at a rate of 10 per minute to 240 , and maintained at 240 for 20 minutes. The injection port
and detector temperatures are maintained at 140 and 250 , respectively. Chromatograph the
Class 1 Standard Solution, the Class 1 System Suitability Solution, and the Class 2 Mixture A
Standard Solution, and record the peak responses as directed for Procedure: the signal-tonoise ratio of 1,1,1-trichloroethane in the Class 1 Standard Solution is not less than 5; the
signal-to-noise ratio of each peak in the Class 1 System Suitability Solution is not less than 3;
and the resolution, R, between acetonitrile and methylene chloride in the Class 2 Mixture A
Standard Solution is not less than 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (following one of
the headspace operating parameters described in Table 5) equal volumes of headspace (about
1.0 mL) of the Standard Solution, the Test Solution, and the Spiked Test Solution into the
chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the amount, in ppm, of each residual solvent found in the article under test by the
formula:
5(C/W)[rU /(rST

rU)]

in which C is the concentration, in µg per mL, of the appropriate USP Reference Standard in the
Standard Stock Solution; W is the weight, in g, of the article under test taken to prepare the
Test Stock Solution; and rU and rST are the peak responses of each residual solvent obtained
from the Test Solution and the Spiked Test Solution, respectively.
WATER-INSOLUBLE ARTICLES
Procedure A— [Note—Dimethyl sulfoxide may be substituted as an alternative solvent to
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dimethylformamide. ]
Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1 Residual Solvents Mixture RS
to a 100-mL volumetric flask previously filled with about 80 mL of dimethylformamide, dilute with
dimethylformamide to volume, and mix. Transfer 1.0 mL of this solution to a 100-mL volumetric
flask, previously filled with about 80 mL of dimethylformamide, dilute with dimethylformamide to
volume, and mix (reserve a portion of this solution for the Class 1 System Suitability Solution).
Transfer 1.0 mL of this solution to a 10-mL volumetric flask, dilute with dimethylformamide to
volume, and mix.
Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard Stock Solution to an
appropriate headspace vial, containing 5.0 mL of water, apply the stopper, cap, and mix.
Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Residual Solvents Class 2—Mixture A
RS to a 100-mL volumetric flask, previously filled with about 80 mL of dimethylformamide, dilute
with dimethylformamide to volume, and mix. This is Class 2 Standard Stock Solution A. Transfer
0.5 mL of USP Residual Solvents Class 2—Mixture B RS to a 10-mL volumetric flask, dilute with
dimethylformamide to volume, and mix. This is Class 2 Standard Stock Solution B.
Class 2 Mixture A Standard Solution—Transfer 1.0 mL of Class 2 Standard Stock Solution A to
an appropriate headspace vial containing 5.0 mL of water, apply the stopper, cap, and mix.
Class 2 Mixture B Standard Solution—Transfer 1.0 mL of Class 2 Standard Stock Solution B to
an appropriate headspace vial containing 5.0 mL of water, apply the stopper, cap, and mix.
Test Stock Solution—Transfer about 500 mg of the article under test, accurately weighed, to a
10-mL volumetric flask, dissolve in and dilute with dimethylformamide to volume, and mix.
Test Solution—Transfer 1.0 mL of Test Stock Solution to an appropriate headspace vial,
containing 5.0 mL of water, apply the stopper, cap, and mix.
Class 1 System Suitability Solution—Mix 5 mL of Test Stock Solution with 0.5 mL of the
intermediate dilution reserved from Class 1 Standard Stock Solution. Transfer 1.0 mL of this
solution to an appropriate headspace vial, containing 5.0 mL of water, apply the stopper, cap,
and mix.
Chromatographic System (see Chromatography 621 —The gas chromatograph is equipped
with a flame-ionization detector and a 0.53-mm × 30-m wide-bore column coated with a 3.0µm layer of phase G43. The carrier gas is helium with a linear velocity of about 35 cm per
second and a split ratio of 1:3. [Note—The split ratio can be modified in order to optimize
sensitivity. ] The column temperature is maintained at 40 for 20 minutes, then raised at a rate
of 10 per minute to 240 , and maintained at 240 for 20 minutes. The injection port and
detector temperatures are maintained at 140 and 250 , respectively. Chromatograph the Class
1 Standard Solution, Class 1 System Suitability Solution, and Class 2 Mixture A Standard
Solution, and record the peak responses as directed for Procedure: the signal-to-noise ratio of
1,1,1-trichloroethane in the Class 1 Standard Solution is not less than 5; the signal-to-noise
ratio of each peak in the Class 1 System Suitability Solution is not less than 3; and the
resolution, R, between acetonitrile and methylene chloride in the Class 2 Mixture A Standard
Solution is not less than 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
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runs to eliminate any potential condensation of solvents. ] Separately inject (use headspace
operating parameters in column 3 of Table 5 with a vial pressure of 10 psi) equal volumes of
headspace (about 1.0 mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard
Solution, Class 2 Mixture B Standard Solution, and Test Solution into the chromatograph, record
the chromatograms, and measure the responses for the major peaks. If a peak response of any
peak, other than a peak for 1,1,1-trichloroethane, in the Test Solution is greater than or equal
to a corresponding peak in either the Class 1 Standard Solution or either of the two Class 2
Mixture Standard Solutions, or a peak response of 1,1,1-trichloroethane is greater than or equal
to 150 times the peak response corresponding to 1,1,1-trichloroethane in the Class 1 Standard
Solution, proceed to Procedure B to verify the identity of the peak; otherwise the article meets
the requirements of this test.
Procedure B—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 1 System Suitability Solution,
Class 2 Standard Stock Solutions, Class 2 Mixture A Standard Solution, and Class 2 Mixture B
Standard Solution, Test Stock Solution, and Test Solution—Proceed as directed for Procedure
A.
Chromatographic System—Proceed as directed for Procedure B under Water-Soluble Articles
with a split ratio of 1:3. [Note—The split ratio can be modified in order to optimize sensitivity. ]
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (use headspace
operating parameters in column 3 of Table 5 with a vial pressure of 10 psi) equal volumes of
headspace (about 1.0 mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard
Solution, Class 2 Mixture B Standard Solution, and Test Solution into the chromatograph, record
the chromatograms, and measure the responses for the major peaks. If the peak response(s) in
Test Solution of the peak(s) identified in Procedure A is/are greater than or equal to a
corresponding peak(s) in either the Class 1 Standard Solution or any of the two Class 2 Mixture
Standard Solutions, proceed to Procedure C to quantify the peak(s); otherwise the article
meets the requirements of this test.
Procedure C—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 1 System Suitability Solution,
Class 2 Standard Stock Solution A, and Class 2 Mixture A Standard Solution—Proceed as
directed for Procedure A.
Standard Stock Solution— [Note—Prepare a separate Standard Stock Solution 1S (USP33)
for each peak identified and verified by Procedures A and B. For the Class 1 solvents other
than 1,1,1-trichloroethane, prepare the first dilution as directed for the first dilution under Class
1 Standard Stock Solution in Procedure A. 1S (USP33)
] Transfer an accurately measured volume of each individual USP Reference Standard
corresponding to each residual solvent peak identified and verified by Procedures A and B to a
suitable container, and dilute quantitatively, and stepwise if necessary, with water to obtain a
solution having a final concentration of 1/20 of the value stated in Table 1 or Table 2 (under
Concentration Limit).
Standard Solution—Transfer 1.0 mL of the Standard Stock Solution to an appropriate headspace
vial, containing 5.0 mL of water, apply the stopper, cap, and mix.
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Test Stock Solution—Proceed as directed for Procedure A.
Test Solution—Transfer 1.0 mL of the Test Stock Solution to an appropriate headspace vial,
containing 5.0 mL of water, apply the stopper, cap, and mix.
Spiked Test Solution— [Note—Prepare a separate Spiked Test Solution for each peak identified
and verified by Procedures A and B. ] Transfer 1.0 mL of Test Stock Solution to an appropriate
headspace vial, add 1 mL of Standard Stock Solution and 4.0 mL of water, apply the stopper,
cap, and mix.
Chromatographic System—Proceed as directed for Procedure C under Water-Soluble Articles.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (use headspace
operating parameters in column 3 of Table 5 with a vial pressure of 10 psi) equal volumes of
headspace (about 1.0 mL) of the Standard Solution, Test Solution, and Spiked Test Solution
into the chromatograph, record the chromatograms, and measure the responses for the major
peaks. Calculate the amount, in ppm, of each residual solvent found in the article under test by
the formula:
10(C/W)[rU/(rST

rU)]

in which C is the concentration, in µg per mL, of the appropriate USP Reference Standard in the
Standard Stock Solution; W is the weight, in g, of the article under test taken to prepare the
Test Stock Solution; and rU and rST are the peak responses of each residual solvent obtained
from Test Solution and Spiked Test Solution, respectively.
Class 3 Residual Solvents
If Class 3 solvents are present, the level of residual solvents may be determined as directed
under Loss on Drying 731 when the monograph for the article under test contains a loss on
drying procedure specifying an upper limit of no more than 0.5% (per Option 1), 1S (USP33)
or a specific determination of the solvent may be made. If there is no loss on drying procedure
in the monograph for the article under test or if a Class 3 solvent limit in an individual
monograph is greater than 50 mg per day (corresponding to 5000 ppm or 0.5% under Option 1),
the individual Class 3 residual solvent or solvents present in the article under test should be
identified and quantified, and the procedures as described above, with appropriate
modifications to the standard solutions, are to be applied wherever possible. Otherwise an
appropriate validated procedure is to be employed. USP Reference Standards, where available,
should be used in these procedures.
GLOSSARY
Acceptable daily intake (ADI): The maximum acceptable intake of toxic chemicals per day. This
term is used by the World Health Organization (WHO).
Genotoxic carcinogens: Carcinogens that produce cancer by affecting genes or chromosomes.
Lowest-observed-effect level (LOEL): The lowest dose of a substance in a study or group of
studies that produces biologically significant increases in frequency or severity of any effects in
exposed humans or animals.
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Modifying factor: A factor determined by professional judgment of a toxicologist and applied to
bioassay data so that the data can be safely related to humans.
Neurotoxicity: The ability of a substance to cause adverse effects on the nervous system.
No-observed-effect level (NOEL): The highest dose of a substance at which there are no
biologically significant increases in frequency or severity of any effects in exposed humans or
animals.
Permitted daily exposure (PDE): The maximum acceptable intake per day of a residual solvent
in pharmaceutical products.
Reversible toxicity: The occurrence of harmful effects that are caused by a substance and that
disappear after exposure to the substance ends.
Strongly suspected human carcinogen: A substance for which there is no epidemiological
evidence of carcinogenesis but for which there are positive genotoxicity data and clear
evidence of carcinogenesis in rodents.
Teratogenicity: The occurrence of structural malformations in a developing fetus when a
substance is administered during pregnancy.
Tolerable daily intake (TDI): Tolerable daily exposure to toxic chemicals. Term used by the
International Program on Chemical Safety (IPCS).
APPENDIX 1. LIST OF RESIDUAL SOLVENTS INCLUDED IN THIS GENERAL CHAPTER
Solvent
Other Names
Structure
Class
Acetic acid
Ethanoic acid
CH3 COOH
Class 3
Acetone
2-Propanone
CH3 COCH3
Class 3
Propan-2-one
Acetonitrile
CH3 CN
Class 2
Anisole
Methoxybenzene
Class 3

Benzene

Benzol

1-Butanol

n-Butyl alcohol
Butan-1-ol
sec-Butyl alcohol
Butan-2-ol
Acetic acid butyl ester
2-Methoxy-2-methylpropane
Tetrachloromethane

2-Butanol
Butyl acetate
tert-Butylmethyl ether
Carbon tetrachloride

Class 1

CH3 (CH2 )3 OH

Class 3

CH3 CH2 CH(OH)CH3

Class 3

CH3 COO(CH2 )3 CH3
(CH3 )3 COCH3
CCl4

Class 3
Class 3
Class 1
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Chlorobenzene

Class 2

Chloroform
Cumene

Trichloromethane
Isopropylbenzene
(1-Methylethyl)benzene

Cyclohexane

Hexamethylene

1,2-Dichloroethane

sym-Dichloroethane
Ethylene dichloride
Ethylene chloride
1,1-Dichloroethene
1,1-Dichloroethylene
Vinylidene chloride
1,2-Dichloroethene
1,2-Dichloroethylene
Acetylene dichloride
1,2-Dimethoxyethane
Ethyleneglycol dimethyl ether
Monoglyme
Dimethyl cellosolve
N,N-Dimethylacetamide DMA
N,N-Dimethylformamide DMF
Dimethyl sulfoxide
Methylsulfinylmethane
Methyl sulfoxide
DMSO

CHCl3

Class 2
Class 3

Class 2

CH2 ClCH2 Cl

Class 1

H2 C=CCl2

Class 1

ClHC=CHCl

Class 2

H3 COCH2 CH2 OCH3

Class 2

CH3 CON(CH3 )2
HCON(CH3 )2
(CH3 )2 SO

Class 2
Class 2
Class 3
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1,4-Dioxane

p-Dioxane
[1,4]Dioxane

Ethanol
2-Ethoxyethanol
Ethyl acetate
Ethylene glycol

Ethyl alcohol
Cellosolve
Acetic acid ethyl ester
1,2-Dihydroxyethane
1,2-Ethanediol
Diethyl ether
Ethoxyethane
1,1¢-Oxybisethane
Formic acid ethyl ester
Methanamide

Ethyl ether

Ethyl formate
Formamide
Formic acid
Heptane
Hexane
Isobutyl acetate
Isopropyl acetate
Methanol
2-Methoxyethanol
Methyl acetate
3-Methyl-1-butanol

Methylbutylketone

n-Heptane
n-Hexane
Acetic acid isobutyl ester
Acetic acid isopropyl ester
Methyl alcohol
Methyl cellosolve
Acetic acid methyl ester
Isoamyl alcohol
Isopentyl alcohol
3-Methylbutan-1-ol
2-Hexanone
Hexan-2-one

Class 2

CH3 CH2 OH
CH3 CH2 OCH2 CH2 OH
CH3 COOCH2 CH3
HOCH2 CH2 OH
CH3 CH2 OCH2 CH3
HCOOCH2 CH3
HCONH2
HCOOH
CH3 (CH2 )5 CH3
CH3 (CH2 )4 CH3
CH3 COOCH2 CH(CH3 )2
CH3 COOCH(CH3 )2
CH3 OH
CH3 OCH2 CH2 OH
CH3 COOCH3
(CH3 )2 CHCH2 CH2 OH
CH3 (CH2 )3 COCH3

Class
Class
Class
Class

3
2
3
2

Class 3

Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class

3
2
3
3
2
3
3
2
2
3
3

Class 2
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Methylcyclohexane

Cyclohexylmethane

Methylene chloride
Methylethylketone

Dichloromethane
2-Butanone
MEK
Butan-2-one
4-Methylpentan-2-one
4-Methyl-2-pentanone
MIBK
Isobutyl alcohol
2-Methylpropan-1-ol
1-Methylpyrrolidin-2-one
1-Methyl-2-pyrrolidinone

Methyl isobutyl ketone

2-Methyl-1-propanol
N-Methylpyrrolidone

Nitromethane
Pentane
1-Pentanol

1-Propanol
2-Propanol
Propyl acetate

n-Pentane
Amyl alcohol
Pentan-1-ol
Pentyl alcohol
Propan-1-ol
Propyl alcohol
Propan-2-ol
Isopropyl alcohol
Acetic acid propyl ester

Class 2

CH2 Cl2
CH3 CH2 COCH3

Class 2
Class 3

CH3 COCH2 CH(CH3 )2

Class 3

(CH3 )2 CHCH2 OH

Class 3
Class 2

CH3 NO2
CH3 (CH2 )3 CH3
CH3 (CH2 )3 CH2 OH

Class 2
Class 3
Class 3

CH3 CH2 CH2 OH

Class 3

(CH3 )2 CHOH

Class 3

CH3 COOCH2 CH2 CH3

Class 3
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Pyridine

Class 2

Sulfolane

Tetrahydrothiophene 1,1-dioxide

Class 2

Tetrahydrofuran

Tetramethylene oxide
Oxacyclopentane

Class 2

Tetralin

1,2,3,4-Tetrahydronaphthalene

Class 2

Toluene

Methylbenzene

Class 2

1,1,1-Trichloroethane
Trichloroethylene

Methylchloroform
1,1,2-Trichloroethene

CH3 CCl3
HClC=CCl2

Class 1
Class 2
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Dimethylbenzene
Xylol

Class 2

* Usually 60% m-xylene, 14% p-xylene, 9% o-xylene with 17% ethyl benzene.
APPENDIX 2. ADDITIONAL BACKGROUND
A2.1. Environmental Regulation of Organic Volatile Solvents
Several of the residual solvents frequently used in the production of pharmaceuticals are listed
as toxic chemicals in Environmental Health Criteria (EHC) monographs and in the Integrated Risk
Information System (IRIS). The objectives of such groups as the International Programme on
Chemical Safety (IPCS), the United States Environmental Protection Agency (EPA), and the
United States Food and Drug Administration (FDA) include the determination of acceptable
exposure levels. The goal is maintenance of environmental integrity and protection of human
health against the possible deleterious effects of chemicals resulting from long-term
environmental exposure. The procedures involved in the estimation of maximum safe exposure
limits are usually based on long-term studies. When long-term study data are unavailable,
shorter term study data can be used with modification of the approach, such as use of larger
safety factors. The approach described therein relates primarily to long-term or lifetime
exposure of the general population in the ambient environment (i.e., ambient air, food, drinking
water, and other media).
A2.2. Residual Solvents in Pharmaceuticals
Exposure limits in this General Chapter are established by referring to methodologies and
toxicity data described in EHC and IRIS monographs. However, the following specific
assumptions about residual solvents to be used in the synthesis and formulation of
pharmaceutical products should be taken into account in establishing exposure limits.
1. Patients (not the general population) use pharmaceuticals to treat their diseases or for
prophylaxis to prevent infection or disease.
2. The assumption of lifetime patient exposure is not necessary for most pharmaceutical
products but may be appropriate as a working hypothesis to reduce risk to human
health.
3. Residual solvents are unavoidable components in pharmaceutical production and will
often be a part of medicinal products.
4. Residual solvents should not exceed recommended levels except in exceptional
circumstances.
5. Data from toxicological studies that are used to determine acceptable levels for residual
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solvents should have been generated using appropriate protocols such as those
described, for example, by the Organization for Economic Cooperation and Development
(OECD), EPA, and the FDA Red Book.
APPENDIX 3. PROCEDURES FOR ESTABLISHING EXPOSURE LIMITS
The Gaylor-Kodell method of risk assessment (Gaylor, D. W. and Kodell, R. L. Linear
Interpolation Algorithm for Low Dose Assessment of Toxic Substance. Journal of Environmental
Pathology and Toxicology, 4:305, 1980) is appropriate for Class 1 carcinogenic solvents. Only in
cases where reliable carcinogenicity data are available should extrapolation by the use of
mathematical models be applied to setting exposure limits. Exposure limits for Class 1 residual
solvents could be determined with the use of a large safety factor (i.e., 10,000 to 100,000)
with respect to the no-observed-effect level (NOEL). Detection and quantification of these
residual solvents should be performed by state-of-the-art analytical techniques.
Acceptable exposure levels in this General Chapter for Class 2 residual solvents were
established by calculation of PDE values according to the procedures for setting exposure limits
in pharmaceuticals (page 5748 of PF 15(6) [Nov.–Dec. 1989]), and the method adopted by
IPCS for Assessing Human Health Risk of Chemicals (Environmental Health Criteria 170, WHO,
1994). These procedures are similar to those used by the U.S. EPA (IRIS) and the U.S. FDA
(Red Book) and others. The method is outlined here to give a better understanding of the origin
of the PDE values. It is not necessary to perform these calculations in order to use the PDE
values presented in Table 2 of this document.
PDE is derived from the no-observed-effect level (NOEL), or the lowest-observed effect level
(LOEL), in the most relevant animal study as follows:
PDE = (NOEL × Weight Adjustment)/(F1 × F2 × F3 × F4 × F5)

(1)

The PDE is derived preferably from a NOEL. If no NOEL is obtained, the LOEL may be used.
Modifying factors proposed here, for relating the data to humans, are the same kind of
“uncertainty factors” used in Environmental Health Criteria (Environmental Health Criteria 170,
WHO, Geneva, 1994) and “modifying factors” or “safety factors” in Pharmacopeial Forum. The
assumption of 100 percent systemic exposure is used in all calculations regardless of route of
administration.
The modifying factors are as follows:
F1 = A factor to account for extrapolation between species
F1 = 2 for extrapolation from dogs to humans
F1 = 2.5 for extrapolation from rabbits to humans
F1 = 3 for extrapolation from monkeys to humans
F1 = 5 for extrapolation from rats to humans
F1 = 10 for extrapolation from other animals to humans
F1 = 12 for extrapolation from mice to humans
F1 takes into account the comparative surface area to body weight ratios for the species
concerned and for man. Surface area (S) is calculated as:
S = kM0.67

(2)

in which M = body weight, and the constant k has been taken to be 10. The body weights used
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in the equation are those shown below in Table A3.-1.
F2 A factor of 10 to account for variability between individuals. A factor of 10 is generally
= given for all organic solvents, and 10 is used consistently in this General Chapter.
F3 A variable factor to account for toxicity studies of short-term exposure.
=
F3 1 for studies that last at least one half-lifetime (1 year for rodents or rabbits; 7 years
= for cats, dogs, and monkeys).
F3 1 for reproductive studies in which the whole period of organogenesis is covered.
=
F3 2 for a 6-month study in rodents, or a 3.5-year study in nonrodents.
=
F3 5 for a 3-month study in rodents, or a 2-year study in nonrodents.
=
F3 10 for studies of a shorter duration.
=
In all cases, the higher factor has been used for study durations between the time points (e.g.,
a factor of 2 for a 9-month rodent study).
F4 A factor that may be applied in cases of severe toxicity, e.g., nongenotoxic
= carcinogenicity, neurotoxicity, or teratogenicity. In studies of reproductive toxicity, the
following factors are used:
F4 = 1 for fetal toxicity associated with maternal toxicity
F4 = 5 for fetal toxicity without maternal toxicity
F4 = 5 for a teratogenic effect with maternal toxicity
F4 = 10 for a teratogenic effect without maternal toxicity
F5 = A variable factor that may be applied if the no-effect
level was not established.
When only a LOEL is available, a factor of up to 10 can be used depending on the severity of
the toxicity. The weight adjustment assumes an arbitrary adult human body weight for either
sex of 50 kilograms (kg). This relatively low weight provides an additional safety factor against
the standard weights of 60 kg or 70 kg that are often used in this type of calculation. It is
recognized that some adult patients weigh less than 50 kg; these patients are considered to be
accommodated by the built-in safety factors used to determine a PDE. If the solvent was
present in a formulation specifically intended for pediatric use, an adjustment for a lower body
weight would be appropriate.
As an example of the application of this equation, consider a toxicity study of acetonitrile in
mice that is summarized in Pharmeuropa, Vol. 9, No. 1, Supplement, April 1997, page S24. The
NOEL is calculated to be 50.7 mg kg–1 day–1. The PDE for acetonitrile in this study is calculated
as follows:
PDE = (50.7 mg kg 1 day 1 × 50 kg)/(12 × 10 × 5 × 1 × 1) = 4.22 mg day 1
In this example,
F1 = 12 to account for the extrapolation from mice to humans
F2 = 10 to account for differences between individual humans
F3 = 5 because the duration of the study was only 13 weeks
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F4 = 1 because no severe toxicity was encountered
F5 = 1 because the no-effect level was determined
A3.-1. Values Used in the Calculations in This Document
Rat body weight
425 g
Pregnant rat body weight
330 g
Mouse body weight
28 g
Pregnant mouse body weight
30 g
Guinea-pig body weight
500 g
Rhesus monkey body weight
2.5 kg
Rabbit body weight (pregnant or not) 4 kg
Beagle dog body weight
11.5 kg
Rat respiratory volume
290 L/day
Mouse respiratory volume
43 L/day
Rabbit respiratory volume
1440 L/day
Guinea-pig respiratory volume
430 L/day
Human respiratory volume
28,800 L/day
Dog respiratory volume
9000 L/day
Monkey respiratory volume
1150 L/day
Mouse water consumption
5 mL/day
Rat water consumption
30 mL/day
Rat food consumption
30 g/day
The equation for an ideal gas, PV = nRT, is used to convert concentrations of gases used in
inhalation studies from units of ppm to units of mg/L or mg/m3. Consider as an example the rat
reproductive toxicity study by inhalation of carbon tetrachloride (molecular weight 153.84)
summarized in Pharmeuropa, Vol. 9, No. 1, Supplement, April 1997, page S9.
The relationship 1000 L = 1 m3 is used to convert to mg/ m3.
USP34–NF29 Page 171
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OPTICAL ROTATION

Many pharmaceutical substances are optically active in the sense that they rotate an incident
plane of polarized light so that the transmitted light emerges at a measurable angle to the
plane of the incident light. This property is characteristic of some crystals and of many
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pharmaceutical liquids or solutions of solids. Where the property is possessed by a liquid or by a
solute in solution, it is generally the result of the presence of one or more asymmetric centers,
usually a carbon atom with four different substituents. The number of optical isomers is 2n,
where n is the number of asymmetric centers. Polarimetry, the measurement of optical rotation,
of a pharmaceutical article may be the only convenient means for distinguishing optically active
isomers from each other and thus is an important criterion of identity and purity.
Substances that may show optical rotatory power are chiral. Those that rotate light in a
clockwise direction as viewed towards the light source are dextrorotatory, or (+) optical
isomers. Those that rotate light in the opposite direction are called levorotatory or (–) optical
isomers. (The symbols d- and l-, formerly used to indicate dextro- and levorotatory isomers, are
no longer sanctioned owing to confusion with D- and L-, which refer to configuration relative to
D-glyceraldehyde. The symbols R and S and and are also used to indicate configuration,
the arrangement of atoms or groups of atoms in space.)
The physicochemical properties of nonsuperimposable chiral substances rotating plane polarized
light in opposite directions to the same extent, enantiomers, are identical, except for this
property and in their reactions with other chiral substances. Enantiomers often exhibit profound
differences in pharmacology and toxicology, owing to the fact that biological receptors and
enzymes themselves are chiral. Many articles from natural sources, such as amino acids,
proteins, alkaloids, antibiotics, glycosides, and sugars, exist as chiral compounds. Synthesis of
such compounds from nonchiral materials results in equal numbers of the enantiomers,
racemates. Racemates have a net null optical rotation, and their physical properties may differ
from those of the component enantiomers. Use of stereoselective or stereospecific synthetic
methods or separation of racemic mixtures can be used to obtain individual optical isomers.
Measurement of optical rotation is performed using a polarimeter.* The general equation used in
polarimetry is:

where [ ] is the specific rotation at wavelength

, t is the temperature, a is the observed

rotation in degrees ( ), l is the pathlength in decimeters, and c is the concentration of the
analyte in g per 100 mL. Thus, [ ] is 100 times the measured value, in degrees ( ), for a
solution containing 1 g in 100 mL, measured in a cell having a pathlength of 1.0 decimeter
under defined conditions of incident wavelength of light and temperature. For some
Pharmacopeial articles, especially liquids such as essential oils, the optical rotation requirement
is expressed in terms of the observed rotation, a, measured under conditions defined in the
monograph.
Historically, polarimetry was performed using an instrument where the extent of optical rotation
is estimated by visual matching of the intensity of split fields. For this reason, the D-line of the
sodium lamp at the visible wavelength of 589 nm was most often employed. Specific rotation
determined at the D-line is expressed by the symbol:
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and much of the data available are expressed in this form. Use of lower wavelengths, such as
those available with the mercury lamp lines isolated by means of filters of maximum
transmittance at approximately 578, 546, 436, 405, and 365 nm in a photoelectric polarimeter,
has been found to provide advantages in sensitivity with a consequent reduction in the
concentration of the test compound. In general, the observed optical rotation at 436 nm is
about double and at 365 nm about three times that at 589 nm. Reduction in the concentration
of the solute required for measurement may sometimes be accomplished by conversion of the
substance under test to one that has a significantly higher optical rotation. Optical rotation is
also affected by the solvent used for the measurement, and this is always specified.
It is now common practice to use other light sources, such as xenon or tungsten halogen, with
appropriate filters, because these may offer advantages of cost, long life, and broad
wavelength emission range, over traditional light sources.

Specific Rotation—The reference Specific rotation 781S in a monograph signifies that
specific rotation is to be calculated from observed optical rotations in the Test solution or
Sample solution USP35
obtained as directed therein. Unless otherwise directed, measurements of optical rotation are
made at 589 nm at 25 . Where a photoelectric polarimeter is used, a single measurement,
corrected for the solvent blank, is made. Where a visual polarimeter is employed, the average
of no fewer than five determinations, corrected for the reading of the same tube with a solvent
blank, is used. Temperature, which applies to the solution or the liquid under test, should be
maintained within 0.5 of the stated value. Use the same cell for sample and blank. Maintain
the same angular orientation of the cell in each reading. Place the cell so that the light passes
through it in the same direction each time. Unless otherwise specified, specific rotation is
calculated on the dried basis where Loss on drying is specified in the monograph or on the
anhydrous basis where Water is specified.
Optical rotation of solutions should be determined within 30 minutes of preparation. In the case
of substances known to undergo racemization or mutarotation, care should be taken to
standardize the time between adding the solute to the solvent and introduction of the solution
into the polarimeter tube.

Angular Rotation—The reference Angular rotation 781A in a monograph signifies, unless
otherwise directed, that the optical rotation of the neat liquid is measured in a 1.0-dm tube at
589 nm at 25 , corrected for the reading of the dry empty tube.
* Suitable calibrators are available from the Office of Standard Reference Materials, National Institute of
Standards and Technology (NIST), Gaithersburg, MD 20899, as current lots of Standard Reference Materials,
Dextrose and Sucrose. Alternatively, calibration may be checked using a Polarization Reference Standard,
which consists of a plate of quartz mounted in a holder perpendicular to the light path. These standards are
available, traceable to NIST, from Rudolph Research Analytical, 354 Route 206, Flanders, NJ 07836, or from
Rudolph Instruments, Inc., 40 Pier Lane, Fairfield, NJ 07004-2113.

USP34–NF29 Page 320
BRIEFING
823 Radiopharmaceuticals for Positron Emission Tomography—Compounding, USP
32 page 365. Since the original publication of this chapter, technological, marketplace, and
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regulatory changes have necessitated revision. This general chapter is being revised in its
entirety to represent current compendial thinking about the preparation of positron emission
tomography (PET) drugs as well as the recent announcement by the Food and Drug
Administration (FDA) recognizing the standards in 823 in USP 32 as an alternative standard
for current good manufacturing practice (CGMP) for investigational and research PET drugs.
The proposed revision incorporates the concepts and rationale outlined in a Stimuli article,
“Revision of USP General Chapter Radiopharmaceuticals for Positron Emission Tomography—
Compounding

823 ” in this issue of Pharmacopeial Forum.

This revised general chapter provides a framework for the preparation of PET drugs for
human administration as required according to (1) state-regulated practice of medicine and
compounding pharmacy, (2) an approved investigational new drug (IND) application (see 21 CFR
312), and (3) research uses with the approval of a Radioactive Drug Research Committee
(RDRC; see 21 CFR 361.1).
The primary goal of the revision is to provide more flexibility in the production of PET drugs
for investigational and research uses. Appropriate provisions have been proposed in the revised
823 to ensure drug identity, strength, quality, purity, and patient safety are not
compromised.
It is proposed to revise the current title Radiopharmaceuticals for Positron Emission
Tomography—Compounding to Positron Emission Tomography Drugs for Compounding,
Investigational, and Research Uses. The proposed revision is organized into twelve sections
that mirror the final PET CGMP rule and guidance issued by the FDA. The revision of this general
chapter will be supplemented by a future informational general chapter that will provide
additional descriptions of certain concepts, technologies, and procedures related to PET drugs.
The changes will serve the needs of patients, research subjects, medical institutions, clinical
researchers, pharmaceutical companies, commercial PET drug producers, and all members of the
PET community.
(GC PA: R. Ravichandran.)
Correspondence Number—C88390

Comment deadline: March 31, 2011
Change T o Read:
823 RADIOPHARMACEUTICALS
FOR POSITRON EMISSION
TOMOGRAPHY—COMPOUNDING POSITRON EMISSION TOMOGRAPHY DRUGS FOR
COMPOUNDING, INVESTIGATIONAL, AND RESEARCH USES USP35
Change to read:
Physicians frequently prescribe special formulations of noncommercially available drugs for
patient care. Upon receipt of a prescription for such a preparation, pharmacists (or other
qualified individuals working under the authority and supervision of a physician) compound the
drug formulation and dispense it to the patient. For convenience, a limited bulk quantity of the
special formulation may be compounded in anticipation of future dispensing requirements. Such
medical and pharmacy practices are regulated by state boards of medicine and pharmacy.
Physicians who prescribe a drug that must be compounded extemporaneously bear the
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professional responsibility to base its use on sound scientific and medical evidence. Pharmacists
and physicians who compound (or oversee the compounding of) drug preparations on
prescription orders, bear the professional responsibility to ensure that the preparation meets
prescribed and appropriate standards of strength, quality, and purity.
Radiopharmaceuticals administered for positron emission tomography (PET) procedures typically
incorporate radionuclides that possess very short physical half-lives, T ½ (e.g., T ½ of 18F =
109.7 minutes, of 11C = 20.4 minutes, of 13N = 9.96 minutes, and of 15O = 2.03 minutes). As a
result, these radionuclides are usually produced using particle acceleration techniques (e.g.,
cyclotron) at or within close proximity to the site where the PET procedure will be conducted.
The radionuclides may then be synthetically incorporated into the final PET radiopharmaceutical
for subsequent patient administration.
The following requirements address the compounding of PET radiopharmaceuticals for human
use (see also Automated Radiochemical Synthesis Apparatus

1015 ).

Control of Components, Materials, and Supplies
The following activities are to be established and performed. A designated person shall be
responsible for ensuring that these activities are carried out and completed properly.
(1) Establish written specifications for
the identity, purity, and quality of components (including ingredients, reagents, target
solutions, and gases); the identity and quality of containers and closures, and other
materials (e.g., transfer lines, purification devices, membrane filters) that come into
contact with the final PET radiopharmaceutical; and the identity, purity, and quality of
analytical supplies (e.g., solvents, chromatography columns, and reference materials),
sterility test media, endotoxin test reagents, and other supplies intended for use in PET
radiopharmaceutical quality control procedures; and
the appropriate storage (i.e., based on heat, light, and humidity considerations) of
components, containers and closures, materials and supplies used for the compounding
of PET radiopharmaceuticals.
(2) Log-in each lot of shipments of components, containers and closures, materials, and
supplies used for the compounding of PET radiopharmaceuticals, and record the date of receipt,
quantity received, manufacturer, lot number, and expiration date. If no expiration date is
designated by the manufacturer, an expiration date is to be assigned to the component,
material, or supply based on knowledge of its physical and chemical properties and prior
experience with its use. For organic substrates, reactants, and reagent materials that are
potentially susceptible to degradation or to a change in composition, the expiration date is
based on the component's documented evidence of stability.
(3) Determine that each batch of components, containers and closures, materials, and supplies
used for the compounding of PET radiopharmaceuticals are in compliance with established
written specifications. A reliable manufacturer is routinely used as the source of a given
product. Certification of compliance with the specifications for containers, closures, and
materials marketed commercially for the intended purpose(s) may be accomplished by
inspection of the product labeling and/or inspection of the certificate of analysis provided by
the manufacturer. Certification of compliance with the specifications for other components and
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materials used in the compounding of PET radiopharmaceuticals may be accomplished by
inspection of the certificate of analysis provided by the manufacturer. The identities of each lot
of components, containers and closures, and materials used in the compounding of PET
radiopharmaceuticals are to be verified by defined procedures, tests, and/or documented
certificates of analysis, as appropriate.
(4) Store components, containers and closures, materials, and supplies used for the
compounding of PET radiopharmaceuticals in a controlled access area according to established
storage conditions.
Compounding Procedure Verification
The following activities are to be established or performed. A designated, qualified, and trained
person shall be responsible for ensuring that these activities are carried out and properly
completed by qualified and trained personnel.
(1) Written acceptance criteria for the identity, purity, and quality of each PET
radiopharmaceutical being compounded. If a USP monograph exists for a particular PET, then
these standards are the minimum acceptance criteria (see Official and Official Articles under
the General Notices and Requirements).
(2) Written and verified procedures for the compounding of each PET radiopharmaceutical that
incorporate, for each PET radiopharmaceutical intended for parenteral administration,
sterile membrane filtration (0.22 µm);
incorporate, for each PET radiopharmaceutical intended for inhalation, particulate
filtration (0.45 µm); and
are routinely updated and verified as changes in the compounding procedures are
implemented or are reviewed and verified at a minimum of once a year to ensure that
they are current. A master file of written compounding procedures currently used for
each PET radiopharmaceutical is to be maintained within the PET facility. Copies of
outdated compounding procedures shall also be retained, separate from the master file,
for review purposes.
(3) Appropriate controls over computer and related automated equipment to ensure that
changes in compounding software are instituted only by authorized personnel, that such
changes are documented and verified, and that only current versions of the software are
available and used in PET radiopharmaceutical compounding procedures. A diskette copy and
printout of current computer software programs used in the compounding of each PET
radiopharmaceutical is to be maintained within a master file located in the PET facility. Copies
of outdated computer software programs shall also be retained, separate from the master file,
for review purposes.
(4) Verification studies to ensure that the written compounding procedures, computer software
program, equipment, and facilities result in a PET radiopharmaceutical that meets established
acceptance criteria. Such verification studies must
include documented evaluations of the radiochemical identity and purity, radionuclidic
identity and purity, specific activity, sterility (for parenteral agents), bacterial
endotoxins (for parenteral agents), pH, osmolality (for parenteral agents), if
appropriate, appearance, stereochemical purity (for applicable compounds), potential
organic volatile impurities, other toxic chemicals that may have been used during the
synthesis or purification procedure, effective concentration of a stabilizer (if any),
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chemical purity of the PET radiopharmaceutical [Note—Evaluations for chemical purity
must include analyses for the presence of starting materials, known intermediates, byproducts, and known degradation products ], and equivalency of initial and final subbatches (for PET radiopharmaceuticals with radionuclides having a T ½ < 20.0 minutes).
For purposes of this chapter, “sub-batch” is defined as a quantity of PET drug product
having uniform character and quality, within specified limits, that is produced during one
succession of multiple irradiations, using a given synthesis and/or purification operation;
and
be signed, and dated, and retained as an indication that the compounding procedures,
equipment, and facilities have resulted in a PET radiopharmaceutical that meets
established acceptance criteria.
Whenever there is a change in the compounding procedures, computer software program, or
component specifications that has the potential to alter the identity, quality, or purity of the
drug product, verification procedures and studies must be conducted. Verification studies on a
minimum of three consecutive batches, which show that the product meets acceptance
critera, are to be performed prior to the approval, for human use, of new or revised
compounding procedures for a given PET radiopharmaceutical. For routine verified processes
that are being used with consistent success, a minimum of one verification study that shows
the product meets acceptance criteria must be conducted on an annual basis.
Stability Testing and Expiration Dating
Written specifications for the expiration dating and storage conditions of each PET
radiopharmaceutical are to be established based on the results of stability testing and specific
activity considerations. The stability test specimen must be taken from the product stored in
the container and closure system specified for storing the product. The PET
radiopharmaceutical must meet all acceptance criteria at expiry. Whenever there is a change in
the compounding procedures, computer software program, or component specifications that
has the potential to affect the stability of the drug product, stability testing must be
conducted.
PET Radiopharmaceutical Compounding for Human Use
The following are to be performed according to established written procedures and
documented. A designated, qualified, and trained person shall be responsible for ensuring that
these activities are carried out and completed properly by qualified and trained personnel.
(1) Inspect the compounding and dispensing area and all equipment for cleanliness and
suitability immediately before use. Before initiating compounding and dispensing activities,
extraneous materials and labels must be removed from involved areas and equipment. For PET
radiopharmaceuticals intended for parenteral administration, all manipulations of components,
containers and closures, and materials distal to sterile membrane filtration must be performed
using an appropriate aseptic technique in an appropriately controlled environment.
(2) Ensure the correct identity, quantity, and suitability of components, containers and
closures, and other materials used in compounding the PET radiopharmaceutical.
(3) Label all subdivided components used in the compounding procedure for identity and
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traceability.
(4) Label the final PET radiopharmaceutical container or dispensing-administration assembly
prior to initiating the compounding procedure. The following information must appear on the
label or labeling attached to the final container or dispensing-administration assembly: the
identity of the PET radiopharmaceutical, and added substances (e.g., stabilizers and
preservatives), an assigned batch or lot number, and the required warning (e.g., radioactive)
statements or symbols. The final PET radiopharmaceutical shall also be labeled to include the
total radioactivity and radioactive concentration at the stated time of calibration, the
expiration time and date, and any required or applicable warning statements (e.g., “CautionRadioactive Material”, “Do not use if cloudy or contains particulate matter”) and/or the
radioactivity symbol.
(5) Compound the PET radiopharmaceutical according to current, verified procedures. A written
record must be maintained for each batch (i.e., the material produced during a single synthesis
and purification) of the compounded PET radiopharmaceutical. This written record includes
lot numbers, manufacturer identities, expiration dates, and quantities of all components,
containers and closures, and materials used in the compounding procedure;
a description of the individual compounding procedures to be followed;
the initials of the responsible individual indicating that the compounding procedure for
the batch is an accurate reproduction of the current, verified compounding procedure;
the initials of the responsible individual indicating that critical steps and processes in
the compounding procedure were completed [Note—Critical steps in automated
compounding processes shall be monitored through direct observation (if possible,
considering visual or radiation exposure constraints) or via computer or other feedback
mechanisms ];
documentation of the investigation of any unplanned deviations in, or unexpected
results of, verified compounding procedures or processes, including documentation of
the outcome of the investigation;
the percent yield calculated on the basis of the known or expected decay-corrected
amount of the starting radionuclide that is synthetically incorporated into the final
radiopharmaceutical;
raw analytical data on each batch of compounded PET radiopharmaceutical; and
the date and the signature of the individual assuming overall responsibility for, and
adherence to, the verified compounding procedure.
Quality Control
The following are to be performed according to established, written procedures and
documented. A designated, qualified, and trained person shall be responsible for ensuring that
these activities are carried out and completed properly by qualified and trained personnel.
(1) Establish, in writing, the quality control tests to be performed on individual batches of the
PET radiopharmaceutical, the analytical procedures, and the corresponding acceptance criteria.
For PET radiopharmaceuticals labeled with a nuclide having a T ½ 20.0 minutes, the
following quality control procedures are to be performed on each batch (i.e., the
material produced during a single synthesis and purification operation) prior to release:
measurement of the pH of parenteral and oral dosage forms; visual inspection of
parenteral and oral dosage forms; determination of the radiochemical purity and identity

PF 37(1): Jan.-Feb. 2011

227

of all dosage forms; determination of the radionuclidic identity of all dosage forms; and
assessment of the specific activity of PET radiopharmaceuticals with mass-dependent
localization or toxicity concerns; and evidence of compliance with the established
acceptance criteria for residual solvents and other toxic chemicals used during the
synthesis or purification procedures.
For PET radiopharmaceuticals labeled with a nuclide having a T ½ < 20.0 minutes, a
batch is defined as all related sub-batches of the PET radiopharmaceutical compounded
during a given day. The following quality control procedures are to be performed on an
initial quality control sub-batch of each such PET radiopharmaceutical prior to release
for human use of subsequent sub-batches: measurement of the pH of parenteral and
oral dosage forms; visual inspection of parenteral and oral dosage forms; determination
of the radiochemical purity and identity of all dosage forms; determination of
radionuclidic identity of all dosage forms; and assessment of the specific activity of PET
radiopharmaceuticals with mass-dependent localization or toxicity concerns; and
evidence of compliance with the established acceptance criteria for residual solvents
and other toxic chemicals used or produced during the synthesis or purification
procedures.
For each batch of PET radiopharmaceutical intended for parenteral administration,
perform a membrane filter integrity test immediately after completion of product
filtration. This post-filtration integrity test is to be completed prior to release of the
batch for human use, except in the case of 15O water, where it may be necessary to
release the batch prior to completion of the post-filtration integrity test. In this case,
the test is completed as soon as possible after release of the batch.
For PET radiopharmaceuticals intended for parenteral administration, perform an inprocess 20-minute endotoxin “limit test” (i.e., incorporating positive controls in the
range of 5 EU per mL to 175 EU/V, where V is the maximum volume of injection) on each
batch (T ½ 20.0 minutes) or quality control sub-batch (T ½ < 20.0 minutes) of the
radiopharmaceutical prior to release, for human use, of the batch or subsequent subbatches.
For PET radiopharmaceuticals intended for parenteral administration, a standard 60minute bacterial endotoxin test must be performed on each batch (T ½ 20.0 minutes)
or quality control sub-batch (T ½ < 20.0 minutes) of the radiopharmaceutical. Endotoxin
testing may also be performed using other recognized procedures (see Bacterial
Endotoxins Test

85 ). Regardless of which test is utilized, an assessment of the

bacterial endotoxins should be performed prior to release of each batch (T ½ 20.0
minutes) or quality control sub-batch (T ½ < 20.0 minutes) of the radiopharmaceutical
before release for human use of the batch or subsequent sub-batches.
Sterility tests for each PET radiopharmaceutical intended for parenteral administration
are performed on each batch (T ½ 20.0 minutes) or quality control sub-batch (T ½ <
20.0 minutes). Sterility tests are also performed following the replacement of system
components. Sterility tests are initiated within 24 hours of sterile filtration. Product
samples are tested individually and are not pooled.
(2) Establish written procedures for the performance of quality control tests on batches of PET
radiopharmaceuticals intended for human use.
(3) Conduct verification testing of equipment and procedures used for the quality control
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testing of PET radiopharmaceuticals. Using internal or external standards, the correct operation
of analytical equipment, such as gas chromatography or high-performance liquid
chromatography (see System Suitability under Chromatography 621 ) must be confirmed
upon initial installation or upon major repair. Correct operation of analytical equipment must also
be checked (i.e., a system suitability test must be performed) on a scheduled basis, and
maintenance must be performed according to appropriate, written, scheduled procedures. Dose
calibrators used in measuring the bulk radioactivity and the radioactivity of dispensed dosages
of PET radiopharmaceuticals should be tested in accordance with applicable state regulations
governing the medical use of radioactive materials.
(4) Perform quality control tests on batches of PET radiopharmaceuticals according to written
procedures, and initial the results of such testing.
(5) Accept or reject the individual batch of the PET radiopharmaceutical based on the
conformity of quality control test results with established acceptance criteria. If the individual
batch of the PET radiopharmaceutical is acceptable, sign and date the batch.
(6) Investigate unacceptable quality control test results and document the outcome of such
investigations.
Sterilization and Sterility Assurance
A complete system of process controls is required to assure sterility of PET
radiopharmaceuticals. Sterilization activities for the following elements of the process are to be
established, documented, and performed.
Compounding Equipment and Components—Equipment used to prepare PET
radiopharmaceuticals must be properly cleaned and kept in sanitary condition. Equipment in
contact with a PET drug solution may be processed to remove endotoxin and may be sterilized
to eliminate bioburden. Prepared equipment is stored and protected to maintain cleanliness and,
if necessary, sterility. It is recommended that components for PET products be obtained from
qualified suppliers after verifying that the components meet specifications for sterile drug
products. It is further recommended that sterile vials, syringes, transfer sets, and filters be
obtained from commercial sources. If components are sterilized by the PET facility, the
sterilization processes and asepsis of assembly components must be verified. Verification of
sterilizer performance must be repeated periodically. Solutions for parenteral administration
must be filter-sterilized and aseptically transferred to a sterile, nonpyrogenic, multiple-dose
vial. Certain finished dosage forms of PET products may not be transferred to a vial and require
special consideration.
Environmental Controls—The work area used for compounding the finished dosage form must
be clean. The aseptic hood is protected from sources of microbial contamination and is located
in an area where surrounding personnel traffic is controlled and limited. Appropriate clean
laboratory clothing shall be worn when performing functions in the aseptic hood. Components,
materials, and equipment are transferred to the aseptic area in protective wrapping or
containers. Aseptic techniques are used whenever a sterile solution dosage form is handled.
The containers, filter assembly, vent filters, and needles for the final dosage form must be
sterile, disposable, and for single use only. After the filter and the product container are
assembled, the sterility of this assembly must be preserved. If the sterility of any component is
compromised, the component or set must be replaced. Before penetrating the finished product
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container, the septum of the product vial must be thoroughly swabbed with a disinfectant
solution (i.e., freshly filtered or certified sterile 70% alcohol) and allowed to air-dry in the
aseptic hood.
Aseptic Hood—Assemble the product filter and the container and closure system for the
finished product in an aseptic hood. Sterile (aseptic) operations should be conducted within an
aseptic workstation with an air cleanliness rating of class 100 (e.g., Laminar flow hood or
isolator). The aseptic hood surfaces and equipment surfaces allow easy cleaning and
disinfecting. Disinfectants are filtered or certified sterile with a manufacturer's certificate of
analysis, and the hood's internal surfaces are cleaned and disinfected daily before use and after
new equipment is brought in. Microbiological testing of the aseptic hood is performed
periodically (e.g., weekly). This may be done by swab or contact plate for surfaces and settle
plate or dynamic air sampler. Airborne, nonviable particle counting may be performed less
frequently.
Aseptic Technique—All aseptic operations, including the assembly of sterile components,
compounding, filtration, and manipulations of sterile solutions must be performed by operators
qualified to work with aseptic techniques. Aseptic manipulations shall be performed using sterile
items sealed in protective covering and opened within the aseptic hood. Any sterile equipment
or component that is compromised by contact with a nonsterile surface must be replaced.
Sterile components shall be transferred from the hood with closures in place. Aseptic operations
are performed by operators wearing laboratory clothing appropriate for pharmaceutical
compounding. Gloved hands are disinfected immediately before reaching into the aseptic hood.
Aseptic area operators are trained and evaluated periodically through observation as well as
through microbiological tests. Aseptic techniques used to make sterile products are evaluated
by simulations, in which a microbiological growth medium is substituted for the PET
radiopharmaceutical solution. Process simulations include manipulations such as connecting
vents and filtration. Verification of the medium's growth promotion capability in the PET drug
container is an essential control for process simulations. After completing the simulation
process, the final product container is gently shaken to permit the medium to contact all
surfaces, and the container and the medium are incubated (at 30 to 35 , 20 to 25 , or
another suitable temperature) for 14 days with periodic examination for evidence of growth:
the absence of growth in the containers is necessary for an acceptable test result. Simulations
are performed in triplicate to qualify a new operator. Each operator repeats one simulation
about once a year or any time procedures are changed.
Qualification of the Filtration Process—Sterilizing filtration is the final safeguard in removing
microorganisms from solutions of PET radiopharmaceuticals. This critical procedure requires that
microbial retention by membrane filters be demonstrated under specified conditions. Filters must
not release particles or soluble compounds, bind product ingredients, or lose integrity during
use. When the filters are prepared and sterilized by a commercial filter manufacturer, the filter
manufacturer generally provides filtration conditions (i.e., pressure and flow rate); these
conditions are not to be exceeded when preparing a PET drug product. For most aqueous
solutions of near neutral pH, certification regarding microbial retention challenges to the
selected filter may be obtained from the filter manufacturer. Certification of conformance to
specifications must be examined and maintained for each filter lot.
Before using filters from a particular lot, a sample is tested for integrity to demonstrate that
the membrane and housing have not lost the ability to retain microorganisms. The
manufacturer's recommended method or an alternative method, if demonstrated to be
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acceptable, may be used.
The sterilizing membrane filter must also be tested for integrity after filtering the compounded
PET radiopharmaceutical but before the product is released. An example of a simple test is the
“Bubble Point” test, which uses a pressure gauge and a source of air pressure connected to the
transfer set attached to the filter. The filter disk is placed in a beaker of water with the filter
outlet below the water surface, and air pressure is applied gently to the nonsterile side of the
filter assembly. The air pressure is increased until the validated bubble point is reached, at
which point the pressure is maintained briefly to allow equilibration. Filter integrity is
demonstrated to be acceptable in the absence of a steady stream of bubbles.
Microbiological Testing of Finished Products—PET radiopharmaceuticals for parenteral
administration must be sterile and free of endotoxins, as demonstrated by sterility and
endotoxin tests. Endotoxin tests are initiated promptly after compounding, and sterility tests
are started no later than 24 hours after compounding. Each lot shall be assayed individually and
not pooled with other lots. If a microbiological test fails, an investigation shall be undertaken to
identify the cause, and corrections shall be undertaken. After a record of successful sterility
tests is established for a particular PET drug, only the first lot prepared each day shall be
subject to a sterility test using cultivation methods. However, when a different PET drug is
made at the facility or a new lot of sterile components (for example, filter or final product
container) is substituted, then the first daily lot of that PET drug is tested for sterility.

INTRODUCTION
Radionuclides used in positron emission tomography (PET) typically possess short physical halflives, T 1/2 (e.g., T 1/2 of 18F = 109.8 min, 68Ga = 67.7 min, 11C = 20.4 min, 13N = 9.96 min, and
15O = 2.03 min). As a result, these radionuclides usually are produced using particle
acceleration techniques (e.g., cyclotrons) or from generators, and then are processed into the
final PET drug in close proximity to the site where the PET procedure will be conducted.
The short half-lives of PET radionuclides create unique constraints for the preparation and
testing of PET drugs. This chapter describes guidelines for making and testing PET drugs based
on the following constraints:
It is not possible to complete all testing before the use of PET drugs.
An entire batch or sub-batch of a PET drug may be contained in a single vial. Samples
withdrawn for quality control (QC) testing are representative of the entire batch or subbatch.
An entire batch or sub-batch may be administered to a single patient.
The mass of the active pharmaceutical ingredient in a PET drug usually ranges from
nanogram to microgram quantities.
PET drugs do not enter a traditional drug distribution chain. Instead, PET drugs are used
in-house or are delivered to the point of use by dedicated couriers.
Small-scale PET facilities have limited personnel and resources, which require:
Allowance for multiple operations in one area with adequate controls;
Allowance for the making and testing of multiple PET drugs using shared
equipment;
Appropriate requirements for aseptic operations;
Appropriate requirements for system suitability and other day-of-use activities;
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QC requirements for components, materials, and supplies;
Self-verification of significant steps in radionuclide production, PET drug
production, or compounding and testing; and
Single-person oversight of production and compounding, review of batch
records, and release authorization.
The scope of this chapter includes the production and compounding of PET drugs for human
administration as used (a) according to state-regulated practice of medicine and pharmacy, (b)
according to an approved investigational new drug (IND) application (see 21 CFR 312), and (c)
according to research uses under the supervision of a Radioactive Drug Research Committee
(RDRC; see 21 CFR 361). The scope of this chapter does not include dispensing activities as
defined in other USP general chapters.
DEFINITIONS
The following definitions apply to words and phrases as they are used in this chapter:
Active Pharmaceutical Ingredient—a substance that is incorporated into a finished PET
drug and is intended to furnish direct effect in the diagnosis or monitoring of a disease or a
manifestation of a disease in humans, or treatment of disease for therapeutic procedures
(e.g., tumor therapy).
Batch—a quantity of PET drug that is intended to have uniform character and quality, within
specified limits, and that is made in a single operational cycle.
Conditional Final Release—a final release for patient administration before completion of
required tests because of a malfunction of analytical equipment.
Lot—a quantity of materials (e.g., reagents, solvents, gases, purification columns, and other
auxiliary materials) that have uniform character and quality within specified limits and are used
to make a PET drug.
PET Drug—a finished form of a radioactive drug that exhibits spontaneous disintegration of
unstable nuclei by the emission of positrons and is intended for human administration in
diagnosis or therapy.
PET Drug Product—a finished dosage form that contains a PET drug.
Compounding—the process of synthesis or formulation of a PET drug for use under the
practice of pharmacy and medicine.
Production—the process of synthesis or formulation of a PET drug for investigational or
research uses.
Quality Assurance (QA)—a planned and systematic program to ensure that a PET drug
possesses defined identity, strength, quality, and purity required for its intended purpose.
Quality Control (QC)—a system for testing the quality of components, materials, supplies,
and PET drugs by procedures, tests, analytical methods, and acceptance criteria.
Specific Activity—the radioactivity of a radionuclide per unit mass of the element or
compound. The unit of specific activity is radioactivity per mass expressed on a gram or mole
basis (e.g., mCi/µg [MBq/µg], Ci/mmol [GBq/mmol]).
Strength—the radioactivity concentration of the active pharmaceutical ingredient on a
volume basis at the time of calibration. The unit of strength is the amount of radioactivity per
volume at the time of calibration (e.g., mCi/mL [MBq/mL]).
Sub-batch—a quantity of PET drug having uniform character and quality, within specified
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limits, that is produced during one succession of multiple irradiations using a given synthesis
or purification operation. A group of sub-batches collectively form a batch that is intended to
have uniform character and quality, within specified limits. Sub-batches are required for PET
drugs with very short-lived radionuclides (e.g., 13N and 15O) because QC tests cannot be
completed before use.
Validation—establishment of documented evidence that a method, process, or system meets
its intended requirements.
Verification—confirmation that an established method, process, or system meets
predetermined acceptance criteria.
ADEQUATE PERSONNEL AND RESOURCES
Sufficient numbers of personnel with the appropriate education, training, and experience are
needed for the preparation and testing of PET drugs. The number depends on the size and
complexity of the operations executed at each facility.
Personnel should be trained before they begin to make and test PET drugs. Training can be
performed by various methods, including live instruction, audio-video instruction, and study of
publications. Personnel should pass written assessments.
Personnel Requirements—Training should address but is not limited to radionuclide production
techniques, synthetic and purification methods, materials, components, reagents, stock
solutions, automated and manual apparatus used to make PET drugs, and QC methods,
including equipment, software, and documentation.
Personnel Requirements for Aseptic Operations—Training should address aseptic
manipulations as well as the techniques and equipment used to achieve and maintain
International Organization for Standardization (ISO) Class 5 environmental conditions. Training
also should address all aseptic operations, including the assembly of sterile components,
compounding, and filtration. Manipulations of sterile solutions should be performed by operators
who are qualified to use aseptic techniques (see Facilities and Equipment, below).
Personnel involved in aseptic operations should be evaluated periodically by observation and
microbiological tests (media simulations) in which a microbiological growth medium is substituted
for the PET drug. Media simulations should include all manipulations required for the assembly of
the PET drug vial. Simulations should be representative of worst-case scenarios for aseptic
operations. Media fill simulations should be performed in triplicate to qualify a new operator.
Each operator should be reviewed annually to determine the need for a repeat annual simulation
test. Simulations also should be performed any time procedures are changed significantly. After
the simulation process, the media should show the absence of contamination after incubation
at a suitable temperature for 14 days. An operator who fails written assessments or whose
media simulations result in microbial growth should be immediately re-instructed and reevaluated to ensure correction of aseptic practice deficiencies.
QUALITY ASSURANCE
QA and QC are important elements in the process of making PET drugs. QA is a broad concept
that covers all matters that influence identity, strength, quality, and purity of a PET drug. QC
is a subset of QA that deals with testing of materials and PET drugs to determine if they meet
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acceptance criteria. The QA function typically consists of oversight activities, and the QC
function consists of execution activities.
QC functions include the following:
Evaluate each lot of incoming material to ensure that it meets its established
specifications before use in the preparation or testing of PET drugs.
Evaluate each batch of a PET drug to ensure the batch meets its established
specifications before authorizing the final release or rejection of the batch.
The oversight functions associated with QA include the following:
Review completed batch records for accuracy and completeness.
Validate and approve procedures, specifications, processes, and methods.
Ensure that personnel are properly trained and qualified, as appropriate.
Ensure that PET drugs have adequately defined identity, strength, quality, and purity.
Investigate errors and ensure that appropriate corrective action is taken to prevent
their recurrence.
Handle complaints.
Ensure that the PET drugs are distributed according to the established procedures and
practices for PET drugs.
Conduct periodic audits to monitor compliance with established procedures and
practices for PET drugs.
Personnel at the facility may perform both QA and QC functions.
FACILITIES AND EQUIPMENT
Facilities should be adequate for the production, compounding, and testing of PET drugs. Work
areas should be organized to prevent cross-contamination, mix-ups, and errors, especially in
areas used for making multiple PET drugs. Work areas should be periodically cleaned to prevent
the contamination of equipment, materials, components, or PET drugs by personnel or
environmental conditions that could reasonably be expected to adversely affect PET drug
quality. These requirements should be described in written procedures, and their routine
execution should be documented.
Environmental Controls for Parenteral PET Drugs—Because the sterility test results for
parenteral PET drugs are obtained after release, facilities and equipment should ensure a sterile
PET drug.
Aseptic Workstation—The primary environmental control for aseptic operations is a highefficiency particulate air (HEPA) filter that is capable of producing air with a cleanliness rating
of ISO Class 5. This can be achieved with a laminar airflow workstation, aseptic isolator,
biological safety cabinet, or other suitable device (generically, aseptic workstations). The
aseptic workstation should be protected from sources of microbial contamination and should be
located in an area where personnel traffic is limited. The area around the aseptic workstation
should not be used for storage of materials that shed large quantities of particulate matter
(e.g., corrugated boxes).
The proper operation of the aseptic workstation must be certified by measurement of airborne
particles, HEPA filter integrity testing, pressure differential testing, or other means. The specific
tests depend on the type of aseptic workstation. Certification should be performed at the
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inception of operation and at least annually thereafter or after repair or replacement of the
HEPA filter.
The work area inside the aseptic workstation should be clean. The internal surfaces should
allow easy cleaning and disinfection. The internal surfaces should be cleaned and disinfected
with appropriate disinfectants that are sterile filtered or certified sterile with a manufacturer’s
certificate of analysis (COA).
Microbiological Testing—Microbiological testing of the environment should be performed to
assess air quality and surface disinfection. This can be achieved by either settling plates or
active air-sampling plates. Surface disinfection of critical surfaces (e.g., the work surface of
the aseptic workstation or operators’ fingers) should be assessed with swab or contact plates.
Microbiological testing of the aseptic workstation should be performed periodically (e.g.,
weekly). Nonviable particle counts may be determined less frequently following certification of
the aseptic workstation (see above).
Alert and action limits should be established for samples obtained during microbiological testing.
Typical alert levels are set at less than three colony-forming units (CFU) per plate. More than
three CFU require corrective actions that may include operator retraining, recertification of the
aseptic workstation, or other actions. The results of microbiological testing also should be used
in the investigation of positive sterility tests.
Equipment—Equipment used to make and test PET drugs should be appropriate for its intended
purpose and should be installed, cleaned, and maintained in an appropriate manner. Equipment
should be capable of producing consistent results.
The following requirements should be described in written procedures, and performance of
these procedures should be documented:
1. Installation of New Equipment—Newly installed equipment should be qualified before it is
used to make or test PET drugs. All qualification activities should be properly
documented, including the date and the name of the person who performed the
qualification. Qualification consists of three phases:
Installation Qualification (IQ)—IQ is a check of items required for proper
installation of the equipment, including physical location, required utilities and
supplies, communications, and environmental conditions. IQ should describe the
installation procedure for the equipment.
Operational Qualification (OQ)—OQ is a check of operational specifications for
the equipment, including equipment set-up, functional testing of subsystems,
and proper overall operation. OQ should describe operational procedures for the
equipment.
Performance Qualification (PQ)—PQ demonstrates that the equipment is capable
of performing tasks required to make and test PET drugs in the operating
environment and that the equipment provides the intended results. PQ should
describe the required performance tasks for the equipment.
2. Calibration of Equipment—As necessary, equipment calibration should be performed
before use. A schedule should be developed for the recalibration and should have a
sufficient frequency to ensure accurate results. Calibration activities should be properly
documented, including the date and the name of the person who performed the
calibration.
3. Preventive Maintenance of Equipment—A preventive maintenance schedule should be
developed for major production and testing equipment, including automated chemistry
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modules, gas chromatographs, high-performance liquid chromatographs, and others. The
schedule should have a sufficient frequency to minimize equipment downtime. Major
repairs may require recalibration and requalification. Preventative maintenance activities
should be properly documented, including the date of such performance and the name
of the person who performed them.
Cleaning Equipment and Components—Equipment used in production or compounding of PET
drugs includes automated, computer-controlled devices, as well as manually operated
apparatus. Before it is used in making PET drugs, equipment should be properly cleaned to
ensure that the resulting PET drug meets established specifications for identity, strength,
quality, and purity (see Controls and Acceptance Criteria for Finished PET Drugs, below). Once
cleaned, equipment should be maintained in a state of cleanliness before use.
Equipment may be used to make multiple batches of one or more PET drugs. Documented
studies should demonstrate the effectiveness of the cleaning process between batches. All
impurities should be controlled at levels that conform to established specifications for identity,
strength, quality, and purity.
Day-of-Use Checks—Day-of-use checks are necessary for processing equipment to ensure
proper function. Written procedures for the day-of-use checks should be established and
followed. These procedures should be designed to check key parameters at the beginning of
each operational cycle (e.g., temperature, pressure integrity, gas supply, vacuum supply,
proper delivery line selection, reagent delivery volumes, gas flow rates, radiation monitors, and
other process sensors). Some parameters may be periodically checked as part of the calibration
and preventive maintenance schedules as described above.
System Suitability for QC Equipment—System suitability tests are necessary for QC
equipment to ensure that the equipment, components, and personnel (i.e., the system)
function as a whole to execute the desired analytical method. System suitability tests should
be performed according to a predetermined schedule before the testing of a different PET drug.
Written procedures should be established and followed for system suitability tests, and the test
results should be documented.
The system suitability tests required for chromatographic methods include tailing factor,
replicate injections, and resolution. When the test chromatogram used for system suitability
contains only a single peak, then tailing factor, replicate injections, and column efficiency
(theoretical plates) are adequate. The use of internal or external standards with known
concentration is necessary for these determinations. Standards should be prepared from wellcharacterized materials or from materials that have a manufacturer’s COA. Two acceptable
approaches that may be used for chromatographic methods are:
1. Create a calibration curve from a range of standards with known concentrations. The
concentrations of the standards should bracket the conditions of use for the
chromatographic method. Use the calibration curve over an extended period of time
(e.g., six months). Routine system suitability for replicate injections consists of a single
injection of a known standard and a measurement of the concentration based on the
calibration curve. If the measured concentration agrees with the known concentration
within a predefined range (e.g., 10% for manual injections and 5% for automated
injections), this demonstrates the suitability of the system for replicate injections and
ensures that the calibration curve is appropriate for use in subsequent sample
injections. The tailing factor and resolution (or column efficiency, as appropriate) should
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be determined from the same chromatogram.
2. At the beginning of each testing cycle, create a single-point calibration from two
injections of a known standard. The measured area of the peaks for these injections
should agree within a predefined range (e.g., 10% for manual injections and 5% for
automated injections). Then the results are averaged and used with the standard
concentration to provide a calibration factor that is used in subsequent sample
injections for that day. The tailing factor and resolution (or column efficiency as
appropriate) should be determined from one of the two chromatograms.
Other chromatographic parameters such as signal-to-noise ratio, limit of detection (LOD), and
limit of quantitation (LOQ) can be determined as part of routine system suitability testing.
System suitability tests also may be appropriate for other QC equipment, including dose
calibrators, scanners for radio–thin layer chromatography (radio–TLC), and multichannel
analyzers. When used, these tests should be performed at installation, relocation, and
appropriate intervals thereafter. These tests should employ known standards to demonstrate
the proper function of the equipment, for example:
1. Dose Calibrator—Accuracy, geometry, and linearity should be assessed at installation
and at appropriate intervals thereafter. The instrument should be calibrated in
accordance with nationally recognized standards or the manufacturer’s instructions.
Routine system suitability testing should include a constancy check with a suitable
high-energy radionuclide source.
2. Radio–TLC Scanner—Uniformity, positional accuracy, detector linearity, and resolution
should be assessed with a suitable radionuclide source. Routine system suitability
testing should include checks for these parameters.
3. Multichannel Analyzer—Sensitivity and resolution should be assessed at installation and
at appropriate intervals thereafter. Routine system suitability testing should include a
constancy check with a suitable high-energy radionuclide source.
CONTROL OF COMPONENTS, MATERIALS, AND SUPPLIES
Components, materials, and supplies that are used in the preparation of PET drugs should be
controlled to avoid contamination, mix-ups, and errors. A designated person should be
responsible for ensuring that these activities are carried out and completed properly. Records of
completed examinations and tests for components, materials, and supplies should be maintained
for one year after their expiration or for one year after batch release, whichever is longer. The
following activities should be established and performed:
1. Establish written specifications for the identity, strength, quality, and purity of
ingredients, reagents, target materials, and gases.
2. Establish written specifications for the identity and quality of sterile empty vials,
transfer lines, sterile stopcocks, sterile needles, sterile membrane filters, and other
components used in the PET drug vial assembly.
3. Establish written specifications for the identity, strength, quality, and purity of
analytical supplies (e.g., solvents, chromatography columns, and authentic standards),
sterility test media, and endotoxin test reagents used in the testing of PET drugs.
4. Establish appropriate storage conditions (based on heat, light, humidity, and other
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factors) for components, materials, and supplies used to make and test PET drugs.
5. Store components, materials, and supplies in a controlled-access area according to
established storage conditions. Segregate components, materials, and supplies as
appropriate to avoid mix-ups and errors.
6. Log each lot of shipment of components, materials, and supplies, and record the date of
receipt, quantity received, manufacturer, manufacturer’s lot number, and expiration
date. If no expiration date is designated by the manufacturer, assign one based on
knowledge of its physical and chemical properties and previous experience with its use.
For organic substrates and reagents that are potentially susceptible to degradation or
to a change in composition, the expiration date should be based on the material’s
documented evidence of stability.
7. Determine that each lot of components, materials, and supplies complies with
established written specifications. Compliance with specifications can be demonstrated
by inspection of the labeling or inspection of the COA provided by the manufacturer.
The identity of each lot of components, materials, and supplies should be verified by
defined procedures, tests, or documented COAs, as appropriate. Perform an identity
test for precursors (e.g., melting point determination or other appropriate tests).
Alternatively, the COA can be used as the only acceptance criterion for a precursor if
final testing of the PET drug ensures that the correct precursor has been used. Other
components can be accepted on the basis of a COA only.
8. Membrane filters used with parenteral PET drugs should have a certificate of
conformance (COC) from the manufacturer. Examine the COC for each lot to ensure
compliance with written specifications.
9. Media used in the sterility testing of PET drugs should be commercially available. To
ensure the viability of media, perform growth-promotion testing. A simplified growthpromotion test that employs a single organism is adequate to demonstrate the
suitability of media. Alternatively, a positive control can be performed during the
execution of each sterility test inoculation.
PROCESS AND OPERATIONAL CONTROLS
Process Controls—The following process controls should be established and summarized in a
master formula for the PET drug. A designated person should be responsible for ensuring that
these activities are carried out and completed properly.
1. Written acceptance criteria for the identity, strength, quality, and purity of each PET
drug should be established. For PET drugs intended for parenteral administration,
specifications should include sterility and bacterial endotoxins. If a USP monograph
exists or there are QC specifications approved by FDA, then these standards should be
applied as the minimum acceptance criteria.
2. Written procedures for the preparation of each PET drug should:
Incorporate, for each PET drug intended for parenteral administration, sterile
membrane filtration (0.22 µm);
Incorporate, for each PET drug intended for inhalation, particulate filtration
(0.45 µm);
Describe routine cleaning procedures for equipment and facilities;
Describe components, materials, and supplies used to make PET drugs, including
precursors, standards, reagents, stock solutions, and related items;
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Describe the process and the steps used to make the PET drug;
Describe the formulation process, including the use of stabilizers, buffers, and
other agents;
Describe calculations used to determine key parameters associated with making
and QC testing, including radiochemical yield, radiochemical purity, and so on;
Describe QC tests for the final PET drug (see Controls and Acceptance Criteria
for Finished PET Drugs, below), including a schedule that defines whether or not
each test should be performed on each batch and that states if the test results
should be complete at the time of release.
3. Documented studies should ensure that the processes and steps described in the
master formula yield a PET drug that meets established acceptance criteria. Such
studies should:
Demonstrate a consistent process that is suitable for the intended use of the
PET drug.
Be completed on three batches made according to the master formula, and all
three batches should meet all acceptance criteria.
Include evaluation of radiochemical identity and purity, radionuclidic identity and
purity, specific activity, sterility (for parenteral PET drugs), bacterial endotoxins
(for parenteral PET drugs), pH, appearance, stereochemical purity (for applicable
compounds), residual solvents, other toxic chemicals that may have been used
during the synthesis or purification procedure, effective concentration of a
stabilizer (if any), chemical purity of the PET drug, and equivalence of initial and
final sub-batches (see Definitions, above).
Be repeated if the process and steps described in the master formula have been
altered in a way that could change the identity, strength, quality, or purity of
the PET drug.
4. The processes and steps described in the master formula should be updated as needed
and should be reviewed annually to ensure they are current.
Appropriate controls of computer-controlled equipment should ensure that process changes are
instituted only by authorized personnel and that such changes are documented and verified.
Production, compounding, and test methods should be backed up and controlled to avoid
accidental use of outdated methods. In the case of processes or test methods from a vendor
that are used without alteration, it is acceptable to rely on vendor certification for software
verification and proper operation.
Operational Controls—The following operational controls should be established and
summarized in a batch record that is a subset of the master formula for the PET drug. The
batch record should adequately document the routine process for making the PET drug. A
designated person should be responsible for ensuring that these activities are carried out and
completed properly. Maintain completed batch records and associated documentation for one
year after batch release.
1. Inspect areas used to make and test PET drugs, and inspect all equipment for
cleanliness and suitability before use. Remove extraneous materials and labels from
these areas and equipment.
2. Ensure the correct identity, strength, quality, and purity of components, materials, and
supplies used in the preparation of the PET drug. Label components as appropriate for
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identity and traceability purposes.
3. Execute routine cleaning procedures for equipment and facilities.
4. Prepare the PET drug according to the current master formula, and for each batch
maintain a batch record. Batch records may consist of paper documents, electronic
records, or combinations thereof. Spreadsheets and other electronic recordkeeping tools
should be verified to ensure traceability, data integrity, accuracy of results for
calculations, and so on. The batch record should include:
Lot numbers or other unique identifiers for all components, materials, and
supplies used to make the PET drug product;
A description of the individual procedures that were followed;
The initials, signature, or other identifier of the responsible individual indicating
that critical steps and processes used to make and test the PET drug were
completed;
The percent yield calculated on the basis of the known or expected amount of
the starting radionuclide that is synthetically incorporated into the PET drug;
Raw analytical data on each batch of the PET drug;
Labeling for the PET drug (see Labeling and Packaging, below);
Calculations for key parameters defined in the master formula;
Results obtained from QC tests of the PET drug, including chromatograms, printouts, and other test data;
The initials of the analyst who performed each QC test;
A notation of the result for each QC test and whether or not the result meets
the acceptance criteria;
The date and time of release and the signature of the individual who assumes
overall responsibility for, and adherence to, the procedures used to make the
batch and authorizes the release of the batch for human administration; and
Documentation on the batch record of process deviations, when applicable.
Entries in batch records should be made immediately after the activity is performed and should
include the initials, signature, or other identifier for the person making the entry. Corrections to
paper entries should be dated and initialed, signed, or noted with an identifier of the person
making the corrections but leaving the original entry still readable.
Aseptic Operations for Parenteral PET Drugs—Because the sterility test results for
parenteral PET drugs are obtained after release for human administration, aseptic operations
and procedures should adequately ensure a sterile PET drug. All aseptically prepared PET drugs
for parenteral administration should be filtered through a sterile membrane filter of 0.22-µm or
finer pore size into a closed sterile vial or container. Although the chemical synthesis of a
parenteral PET drug may take place in an open or closed apparatus, the membrane filtration of
the PET drug should take place in a closed apparatus that is aseptically assembled from
presterilized, commercially available components.
Components—The sterile components used in the aseptically assembled apparatus typically
consist of an empty vial, needles, membrane filters, vent needles, syringes, tubing, stopcocks,
and perhaps others. All components should be single-use, commercially available, presterilized
items. If components in the aseptically assembled apparatus are sterilized by the PET drug
facility, the sterilization processes should be verified. The exact configuration of the PET drug
vial assembly is process dependent. A typical example is a sterile, empty vial with a membrane
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filter of 0.22-µm pore size attached to a needle that is inserted through the vial septum for
filtration, a membrane filter of 0.22-µm pore size attached to a needle that is inserted through
the vial septum for venting the vial during filtration, and a syringe with needle inserted through
the vial septum for removal of the QC sample after filtration is complete.
PET Drug Vial Assembly—Aseptic techniques should be used in the preparation of the PET drug
vial assembly, especially the assembly of all components downstream from the membrane
sterilizing filter. These operations should be performed in an ISO Class 5 environment (see
Facilities and Equipment, above).
Following the creation of the PET drug vial assembly in the ISO Class 5 environment, the
assembly can be removed to another location for filtration. The location can be a noncontrolled
environment as long as the integrity of the PET drug vial assembly is not compromised during
the process. Any PET drug vial assembly that is compromised during this process should be
discarded.
Aseptic Techniques—Any sterile component downstream from the membrane filter that contacts
the PET drug should be handled using suitable aseptic techniques inside the aseptic
workstation. During aseptic operations, operators should wear proper attire, including a clean
laboratory jacket, forearm sleeves, hair cover, sanitized gloves that cover the wrist, and
beard/moustache covers (as appropriate). Multiple PET drug vial assemblies can be prepared in
a single aseptic operational cycle. The storage time for assembled vials should be based on
data from aseptic media fills.
Sterility Test Inoculations—Sterility tests should be performed to assess the quality of PET
drugs intended for parenteral administration. The inoculation of sterility test media should be
performed in a manner that is consistent with personnel radiation exposure requirements but
that also minimizes the risk of false positives caused by adventitious contamination during the
inoculation process. For media tubes with a screw-cap opening, the inoculation should be
performed in the aseptic workstation. Media tubes with a septum cap can be inoculated in a
shielded area that does not contain a HEPA filter.
STABILITY
Written specifications for the expiration time and storage conditions should be established for
each PET drug. The expiration time should be based on the results of stability testing (and
specific activity requirements, as appropriate). Stability testing of the PET drug should be
performed at the highest strength of the PET drug and in the intended final vial or container. At
least three batches of the PET drug should be stored according to proposed conditions and
should be examined after a time period equal to the proposed shelf life. In addition, the PET
drug should meet acceptance criteria for radiochemical purity, appearance, pH, and stabilizer or
preservative effectiveness (as appropriate) at expiry. Analytical methods should be reliable,
meaningful, and specific. Stability studies should be repeated if there is a change in strength,
stabilizer (or preservative) content that has the potential to affect the stability, the final vial
or container, storage conditions, or expiration time. The results of stability testing should be
documented.
CONTROLS AND ACCEPTANCE CRITERIA FOR FINISHED PET DRUGS
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Written specifications for identity, strength, quality, and purity should be established for each
PET drug. For PET drugs intended for parenteral administration, specifications should be
included for sterility and bacterial endotoxins.
Written procedures should be developed for QC tests. QC and documentation requirements
should be established for each batch or sub-batch of a PET drug (see Process and Operational
Controls, above). All QC tests should be executed by qualified and trained personnel according
to written procedures.
The short half-life of PET radionuclides frequently precludes the completion of all QC tests
before shipment of the PET drug. This effectively creates two levels of release, one for
distribution and the other for human administration. This is acceptable as long as the QC tests
required for release of the PET drug for human administration (see below) are completed before
administration. The controls used in the release for distribution should be previously established
in writing and should be documented in routine practice. It is not necessary to retain reserve
samples of PET drugs.
If a USP compendial test procedure is employed, the procedure should be verified to
demonstrate that the test works under the conditions of actual use. Noncompendial test
procedures employed in the testing of a PET drug should be reliable and specific. Supporting
data for use of all analytical methods should be documented. Data derived from process studies
or from in-process controls can be used as a basis for the omission of some QC tests. An
example of this approach is the chlorodeoxyglucose determination in the testing of
[18F]fludeoxyglucose. Supporting data from process studies or in-process controls should be
documented.
The following QC tests should be performed on each batch before release for administration:
1. Measure the pH of parenteral dosage forms.
2. Determine the radiochemical purity and identity of all dosage forms.
In addition, the following QC tests should be considered on each batch before release for
administration:
1.
2.
3.
4.

Visually inspect parenteral dosage forms.
Determine the radionuclidic identity of all dosage forms by half-life measurement.
Determine the strength.
Determine the specific activity of PET drugs that have mass-dependent localization or
toxicity concerns.
5. Determine the residual solvents used in the synthesis or purification processes.
6. Determine the chemical purity and residual compounds used in the synthesis or
purification processes (e.g., cryptand[2.2.2]).
For PET drugs with very short-lived radionuclides, prepare an initial QC sub-batch that is
representative of successive sub-batches prepared in a defined operational cycle. The QC
tests described in the previous paragraph should be considered for the QC sub-batch before
release of subsequent sub-batches for human administration. For subsequent sub-batches of
parenteral and inhaled dosage forms, visual inspection should be performed before human
administration. In certain cases, limited testing of each sub-batch before administration may be
appropriate (e.g., for pH determination of [13N]ammonia produced by Devarda’s alloy).
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For all PET drugs, periodically measure the radionuclidic purity of decayed samples of the PET
drug to assess the presence of long-lived radionuclides that are produced in targetry
associated with the particle accelerator. For PET drugs labeled with certain radionuclides (e.g.,
94m Tc, 124I, 64Cu, 76Br, and others), consider the measurement of radionuclidic purity by
gamma spectrometry.
Periodic QC tests for PET drugs also include low-level nontoxic impurities and Class 3 residual
solvents. The periodic QC testing should be performed at predetermined intervals rather than
on a batch-to-batch basis.
For PET drugs intended for parenteral administration, perform the following QC tests in addition
to those described previously:
1. Determine the integrity of the membrane filter. Filter units used to sterilize PET drugs
should be subjected to manufacturers’ recommended integrity tests such as the bubble
point test. Although it is not strictly a QC test on the final PET drug, this test is
important to ensure the preparation of a sterile solution. Perform the filter integrity test
after completion of filtration and before release of the PET drug for human
administration. In the case of PET drugs with T 1/2 < 10 min, the PET drug can be
released for human administration before completion of the filter integrity test. In this
case, the test should be completed as soon as possible after release.
2. Perform a test for bacterial endotoxins on each batch or QC sub-batch of a PET drug.
The test can be performed using recognized procedures in USP (see Bacterial Endotoxins
Test 85 ). Regardless of which test is used, it should be initiated before release of
each batch for human administration. For PET drugs with very short-lived radionuclides,
complete the test on the QC sub-batch before the release of subsequent sub-batches
for human administration. After a record of successful bacterial endotoxin tests is
established for a particular PET drug, it is necessary only to test the first batch
prepared each day for that PET drug.
3. Perform a test for sterility on each batch or QC sub-batch. The sterility test consists of
the inoculation and incubation of a sample into each of two media: tryptic soy broth
and fluid thioglycollate. The inoculated volume may be adjusted to avoid excessive
losses because of sterility testing (e.g., 0.1 mL inoculated into 10 mL of media). The
incubation period for sterility tests should begin within 30 hours of the membrane
filtration. The samples can be inoculated immediately after completion of the membrane
filtration, or they can be allowed to decay in a shielded area for as long as 30 hours
before inoculation. It is acceptable to exceed the 30-hour period because of weekends
or holidays provided it is shown that the extended period does not significantly reduce
the viability of a USP indicator organism (e.g., E. coli) in the sample. The sterility test
may be performed using other recognized procedures in USP (see Sterility Tests 71 ).
Samples should be tested individually and may not be pooled. After a record of
successful sterility tests is established for a particular PET drug, it is only necessary to
test the first batch prepared each day for that PET drug.
When a required QC test for a PET drug cannot be completed because of a malfunction of
testing equipment, it may be appropriate to conditionally release the batch. PET drugs may not
be released without determination of radiochemical identity and purity. The batch may be
released if the following conditions are met:
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1. Review historical QC data to assess the frequency of out-of-specification (OOS) results
or failures associated with the QC test. A conditional release is appropriate only if the
historical data reveal a record of successful completion of the QC test.
2. Confirm that the acceptance criteria are met for all other QC tests for the batch.
3. Retain a sample of the conditionally released batch, and complete the omitted QC test
on the sample as soon as possible after the malfunction has been corrected. This is not
necessary if the omitted QC result is meaningless after decay of the PET drug.
4. If the sample fails the omitted QC test, notify the physician or receiving facility that
ordered the PET drug.
5. Document all actions regarding the conditional release of the PET drug, including the
justification for the release, results of completed testing, and any notifications and
corrective actions resulting from the incident.
6. Promptly correct any malfunction of the testing equipment.
In addition to the finished QC testing, other appropriate laboratory determinations could involve
in-process testing of an attribute that is equivalent to finished-product testing of that
attribute; continuous statistical process monitoring; or some combination of these approaches
with finished testing of each PET drug.
IF A PET DRUG DOES NOT CONFORM TO SPECIFICATIONS
When the result of a QC test for a PET drug does not meet established acceptance criteria, the
result is OOS. An OOS result does not necessarily mean that the final PET drug is a failure and
should be rejected. Instead, an OOS investigation should be performed to determine if the OOS
result indicates a true failure or an analytical error.
If an OOS investigation concludes that the OOS result was caused by an analytical error,
invalidate the original test. If a printout is associated with this test, mark the printout invalid,
retain it for the batch record, and repeat the test.
If an OOS investigation concludes that the OOS result was a true failure, the batch should be
rejected and cannot be released for human administration. Segregate the batch to avoid its
potential use. Investigate all failures and document the results according to written
procedures. The investigation should include, but is not limited to, the examination of
processes, operations, and records from previous batches, as well as complaints and other
relevant sources of information. If possible, assign an actual or probable cause to the failure,
and document corrective actions undertaken as a result of the investigation. Depending on the
nature of the failure, the PET drug may be reprocessed according to pre-established written
procedures (see Reprocessing, below).
When a sterility test for a PET drug shows signs of microbial growth, the test result is OOS and
should be investigated. If the outcome of the investigation concludes that the OOS result was
a true failure, notify the physician or receiving facility that ordered the PET drug. In addition,
identify and correct the source of the contamination. The process should be revalidated and
operators should be retrained as necessary to demonstrate the effectiveness of the corrective
actions.
REPROCESSING
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If a PET drug is rejected as a true failure, the batch may be reprocessed according to
established procedures. It is not possible to describe all possible reprocessing operations, but
some examples could include:
pH adjustment;
A second passage through a membrane filter in the event of a failed filter integrity test;
and
A second passage through a purification column to remove an impurity.
If a PET drug is reprocessed, the reprocessed batch should be tested to ensure it meets the
established acceptance criteria for the PET drug before release for human administration.
LABELING AND PACKAGING
The following information should appear on the label attached to the final PET drug container:
The name of the PET drug;
The assigned batch number; and
Any required warning statements or symbols (e.g., radioactive).
The following information should appear on the shielding for the PET drug:
The name of the PET drug;
The assigned batch number;
The date and time of calibration;
Any required warning statements or symbols (e.g., radioactive);
As appropriate, the total radioactivity in MBq (or mCi) or the strength in MBq/mL (or
mCi/mL) at time of calibration;
Expiration time and date;
Added substance(s) (e.g., stabilizer or preservative);
Other applicable warning statement(s) (e.g., “Do not use if cloudy or if it contains
particulate matter” or investigational use labeling); and
Other pertinent information (if required), such as storage condition(s), half-life, and
name and place of business where the PET drug was made or distributed.
USP35

BRIEFING
1224 Transfer of Analytical Procedures. After publication of the Stimuli article
“Transfer of Analytical Procedures: A Proposal for a New General Information Chapter” in PF
35(5) [Sept.–Oct. 2009] and based on comments received, the General Chapters—Physical
Analysis Expert Committee proposes this new general information chapter. The proposed
chapter is intended to become one of a series of general chapters that provides guidance for
generation of data (i.e., qualification, validation, and verification) in support of compendial
analytical procedures. While the concepts presented in the proposed chapter are related to the
verification processes described in general chapter Verification of Compendial Procedures
1226 , the verification process is focused primarily on the drug product and associated matrix
effects or other potential interference issues. In contrast, the procedure-transfer process
focuses on qualifying the receiving laboratory to perform an analytical procedure that was
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developed and validated in another laboratory.
(GCPA: H. Pappa.)

Correspondence Number—C74516

Comment deadline: March 31, 2011
Add the following:
1224

TRANSFER OF ANALYTICAL PROCEDURES
INTRODUCTION

Testing to the specification of an ancillary material, intermediate, and/or ingredient and product
is critical in establishing the quality of a finished dosage form. The transfer of analytical
procedures (TAP), also referred to as method transfer, is the documented process that qualifies
a laboratory (the receiving unit) to use an analytical test procedure that originated in another
laboratory (the transferring unit, also referred to as the sending unit), thus ensuring that the
receiving unit has the procedural knowledge and ability to perform the transferred analytical
procedure as intended.
The purpose of this general informational chapter is to summarize the types of transfers that
may occur, including the possibility of waiver of any verification, and to outline the potential
components of a transfer protocol. This chapter does not provide statistical methods and does
not encompass the transfer of microbiological or biological procedures.
TYPES OF TRANSFERS OF ANALYTICAL PROCEDURES
TAP can be performed and demonstrated by several approaches. The most common is
comparative testing performed on homogeneous lots of the target material from standard
production batches or samples intentionally prepared for the test (e.g., by spiking relevant
accurate amounts of known impurities into samples). Other approaches include covalidation
between laboratories, the complete or partial validation of the analytical procedures by the
receiving unit, and the transfer waiver, which is an appropriately justified omission of the
transfer process. The tests that will be transferred, the extent of the transfer activities, and
the implementation strategy should be based on a risk analysis that considers the previous
experience and knowledge of the receiving unit, the complexity and specifications of the
product, and the procedure. In early development phases the procedure understanding may be
limited. In those cases, the transfer process is more challenging because of incomplete
knowledge about the variables of the procedure, particularly its robustness. This may
complicate the transfer process by adding more variables to a system that should be as simple
as possible.
Comparative Testing
Comparative testing is the most common method for TAP and requires the analysis of a
predetermined number of samples of the same lot by both the sending and receiving units.
Other approaches may be valid, e.g., if the receiving unit meets a predetermined acceptance
criterion for the recovery of an impurity in a spiked product. Such analysis is based on a
preapproved transfer protocol that stipulates the details of the procedure, the samples that will
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be used, and the predetermined acceptance criteria, including acceptable variability. Meeting
the acceptance criteria and comparing data generated by both parties are ways of assuring
that both sending and receiving units are similarly qualified to run the procedure.
Covalidation Between Two or More Laboratories
The laboratory that performs the validation of an analytical procedure is qualified to run the
procedure. Manufacturers can involve the receiving unit in an interlaboratory covalidation,
including them as a part of the validation team and thereby obtaining data for the assessment
of reproducibility. This assessment is made using a preapproved transfer or validation protocol
that provides the details of the procedure, the samples to be used, and the predetermined
acceptance criteria. General chapter Validation of Compendial Procedures
useful guidance about which characteristics are appropriate for testing.

1225

provides

Revalidation
The revalidation or partial revalidation is another acceptable approach for transfer of a
validated procedure. This approach is more time consuming than comparative testing, and
manufacturers also may find it more difficult to observe bias between different sites, operators,
and instruments.
Transfer Waiver
The conventional TAP may be omitted under certain circumstances. In such instances, the
receiving unit is considered to be qualified to use the analytical test procedures without
comparison and generation of interlaboratory comparative data. The following examples give
incidences that may justify the waiver of TAP:
The new product’s composition is comparable to that of an existing product and/or the
concentration of active ingredient is similar to that of an existing product and is
analyzed by procedures with which the receiving unit already has experience.
The analytical procedure is the same or very similar to a procedure already in use.
The personnel in charge of the development, validation, or routine analysis of the
product at the sending unit are moved to the receiving unit.
ELEMENTS RECOMMENDED FOR THE TRANSFER OF ANAYTICAL PROCEDURES
Several elements, many of which are interrelated, are recommended for a successful TAP using
the comparative testing approach. When appropriate and as a part of pre-transfer activities,
the sending unit should provide training to the receiving unit, or the receiving unit should run
the procedures and identify any issues that may need to be resolved before the transfer
protocol is signed. Training should be documented.
The transferring unit, often the development unit, is responsible for providing the analytical
procedure, the reference standards, the validation reports, and any necessary documents, as
well as for providing the necessary training and assistance to the receiving unit as needed
during the transfer. The receiving unit may be a quality control unit, another intracompany
facility, another company, or a contract research organization. The receiving unit provides
qualified staff or properly trains the staff before the transfer, ensures that the facilities and
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instrumentation are properly calibrated and qualified as needed, and verifies that the laboratory
systems are in compliance with applicable regulations and in-house general laboratory
procedures. Both the transferring and receiving units should compare and discuss data as well
as any deviations from the protocol. This discussion addresses any necessary corrections or
updates to the final report and the analytical procedure as necessary to reproduce the
procedure.
A single lot of the article may be used for the transfer because the aim of the transfer is not
related to the manufacturing process but rather to the evaluation of the analytical procedure’s
performance at the receiving site. If two or more different lots are used, the lot-to-lot
variability should not be computed.
PREAPPROVED PROTOCOL
A well-designed protocol should be discussed, agreed upon, and documented before the
implementation of TAP. The document expresses a consensus between the parties, indicating
an intended execution strategy, and should include each party’s requirements and
responsibilities. The protocol should describe the objective, the scope, the responsibilities of
the transferring and the receiving units, and the materials and instruments that will be used, as
well as the analytical procedure, the experimental design, and the acceptance criteria for all
the tests and/or methods included in the transfer. Based on the validation data, and the
procedural knowledge, the transfer protocol should identify the specific analytical performance
characteristics (see 1225 ) that will be verified and the analysis that will be used to
evaluate acceptable outcomes from the transfer exercise.
The transfer acceptance criteria, which are based on method performance and historical data
from stability and release results, if available, should include the comparability criteria for
results from all study sites. These criteria may be based on the difference between mean
values and established ranges and should be accompanied by an estimation of the variability
[e.g., percent relative standard deviation (%RSD) for each site], particularly for the
intermediate precision %RSD of the receiving unit and/or a statistical method for the
comparison of the means for assay and content uniformity tests. In instances of impurity
testing, where precision may be poorer, a simple descriptive approach can be used. Dissolution
can be evaluated by a comparison of the dissolution profiles using the similarity factor f2 or by
comparison of data at the specified time points. The laboratories should provide a rationale for
any analytical performance characteristic not included, as well as any transfer waiver. The
materials, reference standards, samples, instruments, and instrumental parameters that will be
used should be described.
Expired or aged samples should be carefully chosen and evaluated to identify potential problems
related to differences in sample preparation equipment and to evaluate the impact of potential
aberrant results on marketed products. The documentation section of the transfer protocol may
include report forms to ensure consistent recording of results and to improve consistency
between laboratories. This section should contain the additional information that will be
included with the results, such as example chromatograms and spectra, along with additional
information in case of a deviation. The protocol should also explain how any deviation from the
acceptance criteria will be managed. Any changes to the transfer protocol following failure of
an acceptance criterion must be approved before collection of additional data.
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THE ANALYTICAL PROCEDURE
The procedure should be written with sufficient detail and explicit instructions so that a trained
analyst can perform it without difficulty. A pre-transfer meeting between the transferring and
receiving units is helpful to clarify any issues and answer any questions regarding the transfer
process. If complete or partial validation data exist, they should be available to the receiving
unit, along with any technical details required to perform the test in question. In some cases it
may be useful for the individuals who were involved with the initial development or validation to
be on site during the transfer. The number of batches, replicates, and injection sequences in
the case of liquid or gas chromatography should be clearly expressed, and, in the case of
dissolution testing, the number of individual dosage units should be stipulated.
TRANSFER REPORT
When the TAP is successfully completed, the analyst should prepare a Transfer Report that
describes the results obtained in relation to the acceptance criteria, along with conclusions
that confirm that the receiving unit is now qualified to run the procedure. Any deviations should
be thoroughly documented and justified. If the acceptance criteria are met, the TAP is
successful and the receiving unit may be qualified to run the procedure. Otherwise, the
procedure cannot be considered transferred until effective remedial steps are adopted in order
to meet the acceptance criteria. An investigation may provide guidance about the nature and
extent of the remedial steps, which may vary from further training and clarification to more
complex approaches depending on the particular procedure.
USP35

BRIEFING
Potassium Phosphate, Dibasic, Trihydrate. It is proposed to add this new reagent used
in the test for Organic Impurities in the monograph for Rosiglitazone Maleate, appearing
elsewhere in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C89905

Comment deadline: March 31, 2011
Add the following:
Potassium Phosphate, Dibasic, Trihydrate (Dipotassium Hydrogen Phosphate Trihydrate;
Dipotassium Phosphate), K2 HPO4 ·3H2 O—228.22 [16788-57-1]—Use a suitable grade with a
content of NLT 99.0%. USP35
BRIEFING
Sodium Phosphate, Tribasic, page R-1222 of the Second Supplement to the USP 33–NF 28
Reissue. It is proposed to correct the CAS number of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C97177

Comment deadline: March 31, 2011
Change to read:
Sodium Phosphate, Tribasic, Na3 PO4 ·12H2 O—380.12

[7601-54-9 10101-89-0

USP35
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]—Use ACS reagent grade.
VOLUMETRIC SOLUTIONS
Change to read:
BRIEFING
Hydrochloric Acid, Half-Normal (0.5 N), page R-1247 of the Second Supplement to the
USP 33 Reissue. It is proposed to add the instructions on how to standardize this volumetric
soluion.
(HDQ: M. Marques.)

Correspondence Number—C95740

Comment deadline: March 31, 2011
Hydrochloric Acid, Half-Normal (0.5 N)
HCl, 36.46
18.23 g in 1000 mL
To a 1000-mL volumetric flask containing 40 mL of water slowly add 43 mL of hydrochloric acid.
Cool, and add water to volume. Standardize the solution as follows.
Accurately weigh about 2.5 g of tromethamine, dried according to the label instructions.
USP33

Proceed as directed under Hydrochloric Acid, Normal (1 N), beginning with “Dissolve in 50 mL of
water.” Dissolve in 50 mL of water, and add 2 drops of bromocresol green TS. Titrate with 0.5
N hydrochloric acid to a pale yellow endpoint. Each 60.57 mg of tromethamine is equivalent to 1
mL of 0.5 N hydrochloric acid. USP35

BRIEFING
L1, page R-1254 of the Second Supplement to the USP 33–NF 28 Reissue. It is proposed to
revise the definition of this packing.
(HDQ: M. Marques.)

Correspondence Number—C95022

Comment deadline: March 31, 2011
L1—Octadecyl silane chemically bonded to porous or nonporous USP35
silica or ceramic microparticles, 1.5 to 10 µm in diameter, or to a monolithic silica rod.
BRIEFING
L23, page R-1254 of the Second Supplement to the USP 33–NF 28 Reissue . It is proposed
to increase the particle size range of this packing.
(HDQ: M. Marques.)

Correspondence Number—C95501

Comment deadline: March 31, 2011
L23—An anion-exchange resin made of porous polymethacrylate or polyacrylate gel with
quaternary ammonium groups, about 10 7–12 USP35
µm in size.
BRIEFING
Description and Relative Solubility of USP and NF Articles, page R-1266 of the Second
Supplement to USP 33 Reissue, page 266 of PF 29(1) [Jan.–Feb. 2003], page 188 of PF 35(1)
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[Jan.–Feb. 2009], page 1343 of PF 35(5) [July–Aug. 2009], page 1571 of PF 35(6) [Nov.–Dec.
2009], page 271 of PF 36(1) [Jan.–Feb. 2010], page 1396 of PF 36(5) [Sept.–Oct. 2010], and
page 1782 of PF 36(6) [Nov.–Dec. 2010].
(HDQ.)

Correspondence Number—C89905; C94168

Add the following:
Rosiglitazone Maleate: White to off-white solid. Soluble in alcohol and in a buffered aqueous
solution with a pH of 2.3. USP35
Add the following:
Temozolomide: White to light pink/light tan power. Soluble in dimethylsulfoxide; sparingly
soluble in water; practically insoluble in toluene. USP35
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
Gelatin, Gelling Grade. The European Pharmacopoeia is the coordinating pharmacopeia for the
international harmonization of the compendial standards for the Gelatin, Gelling Grade
monograph, as part of the process of international harmonization of monographs and general
analytical methods of the European, Japanese, and United States pharmacopoeias. The
following monograph, which represents the OFFICIAL INQUIRY STAGE 4 document, is
based in part on comments from the Japanese Pharmacopoeia and the United States
Pharmacopeia in response to the STAGE 3 draft prepared by the European Pharmacopoeia.
This proposed OFFICIAL INQUIRY STAGE 4 document separates the Gelatin monograph into
two separate monographs for Gelling Grade and Non-Gelling Grade Gelatin.
(EXC: K. Moore.)
Correspondence Number—C95953

Comment deadline: March 31, 2011
Add the following:
Gelatin, Gelling Grade
DEFINITION
Purified protein obtained from collagen of animals (including fish and poultry) by partial alkaline
and/or acid hydrolysis, by enzymatic hydrolysis, or by thermal hydrolysis.
The hydrolysis leads to gelling or non-gelling grades. This monograph covers the gelling grades.
IDENTIFICATION
• A. To 2 mL of Solution S (see Specific Tests) add 0.05 mL of a 125-g/L solution of copper
sulfate pentahydrate. Mix, and add 0.5 mL of an 85-g/L solution of sodium hydroxide. A
violet color is produced.
• B. To 0.5 g in a test tube add 10 mL of water. Allow to stand for 10 min, heat at 60 for 15
min, and keep the tube upright at 0 for 6 h. Invert the tube; the contents do not flow out
immediately for gelling grades.
• C. Place 0.5 g in a 250-mL bottle. Add 10 mL of water and 5 mL of sulfuric acid. Place the
bottle, partly but not completely closed (for example, using a watch glass), in an oven at
105 for 4 h. Allow to cool, and add 200 mL of water. Adjust to a pH of 6.0–8.0 using a
200-g/L solution of sodium hydroxide. Place 2 mL of the solution in a test tube, and add 2
mL of oxidizing reagent (14-g/L solution of chloramine in Phosphate buffer solution pH 6.8;
prepare immediately before use). Mix, and allow to stand for 20 min. Add 2 mL of color
reagent [prepared immediately before use by dissolving 1.0 g of
dimethylaminobenzaldehyde in 3.5 mL of perchloric acid (600 g/L of HClO4 ) and slowly
adding 6.5 mL of 2-propanol]. Mix, and place in a water bath at 60 for about 15 min. A
red color develops.
Phosphate buffer solution pH 6.8: Mix 77.3 mL of a 71.5-g/L solution of disodium
hydrogen phosphate dodecahydrate with 22.7 mL of a 21-g/L solution of citric acid.
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SPECIFIC TESTS
• Solution S: Dissolve 1.00 g in carbon dioxide-free water at about 55 , dilute with the same
solvent to 100 mL, and keep the solution at this temperature to carry out the tests.
• pH: 3.8–7.6 for Solution S, measured at 55
• Conductivity: Maximum 1 mS·cm-1, determined on a 1.0% solution at 30 ± 1.0 (without the
use of the temperature compensation)
• Sulfur Dioxide: Maximum 50 ppm. Introduce 150 mL of water into the flask (A) (see Figure
1), and pass carbon dioxide through the whole system for 15 min at a rate of 100 mL/min.
To 10 mL of hydrogen peroxide solution (30 g/L of H2 O2 ) add 0.15 mL of a 1-g/L solution of
bromophenol blue in alcohol (20% v/v). Add 0.1 M sodium hydroxide until a violet-blue color
is obtained, without exceeding the endpoint. Place the solution in the test tube (D).
Without interrupting the stream of carbon dioxide, remove the funnel (B), and introduce
through the opening into the flask (A) 25.0 g of the substance to be examined with the aid
of 100 mL of water. Add through the funnel 80 mL of dilute hydrochloric acid (73 g/L of
HCl), and boil for 1 h. Open the tap of the funnel, stop the flow of carbon dioxide, and also
stop the heating and the cooling water. Transfer the contents of the test tube with the
aid of a little water to a 200-mL wide-necked, conical flask. Heat on a water bath for 15
min, and allow to cool. Add 0.1 mL of a 1-g/L solution of bromophenol blue in alcohol (20%
v/v), and titrate with 0.1 M sodium hydroxide until the color changes from yellow to violetblue (V1 mL). Carry out a blank titration (V2 mL). Calculate the content of sulfur dioxide in
ppm:
Result = 32030 × (V1 – V2) × n/m
n= molarity of the sodium hydroxide solution used as titrant

Figure 1. Apparatus for determination of sulfur dioxide.
• Peroxides: Maximum 10 ppm, determined using peroxide test strips. Peroxidase transfers
oxygen from peroxides to an organic redox indicator which is converted to a blue oxidation
product. The intensity of the color obtained is proportional to the quantity of peroxide, and
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can be compared with a color scale provided with the test strips, to determine the
peroxide concentration.
Suitability test: Dip a test strip for 1 s into hydrogen peroxide standard solution (10 ppm
of H2 O2 ) [prepared by dilution of hydrogen peroxide solution (30 g/L of H2 O2 )], such that
the reaction zone is properly wetted. Remove the test strip, shake off excess liquid, and
after 15 s compare the reaction zone with the color scale provided. The test strips are
suitable if the color matches that of the 10 ppm concentration.
Test: Weigh 20.0 ± 0.1 g of the substance to be tested in a beaker, and add 80.0 ± 0.2 mL
of water. Stir to moisten all the gelatin, and allow the sample to stand at room
temperature for 1–3 h. Cover the beaker with a watch glass. If the sample is not dissolved
completely, place the beaker for 20 ± 5 min in a water bath at 65 ± 2 to dissolve the
sample. Stir the contents of the beaker with a glass rod to achieve a homogeneous
solution. Dip a test strip for 1 s into the test solution, such that the reaction zone is
properly wetted. Remove the test strip, shake off excess liquid, and compare the reaction
zone after 15 s with the color scale provided. Multiply the concentration read from the
color scale by a factor of 5 to calculate the concentration in ppm of peroxide in the test
substance.
Peroxide test strips: Use commercial test strips with a suitable scale covering the range
from 0 to 25 ppm of peroxide.
• Gel Strength (Bloom Value): 80%–120% of the labeled nominal value. The gel strength is
expressed as the mass in grams necessary to produce the force which, applied to a
plunger 12.7 mm in diameter, makes a depression 4 mm deep in a gel having a
concentration of 6.67% m/m and matured at 10 .
Apparatus: Texture analyzer or gelometer with a cylindrical piston 12.7 ± 0.1 mm in
diameter with a plane pressure surface and a sharp bottom edge, and a bottle 59 ± 1 mm
in internal diameter and 85 mm high. Adjust the apparatus according to the manufacturer's
manual.
Settings
Distance: 4 mm
Test speed: 0.5 mm/s
Place 7.5 g of the substance to be tested in a bottle. Add 105 mL of water, place a watch
glass over the bottle, and allow to stand for 1–4 h. Heat in a water bath at 65 ± 2 for 15
min. While heating, stir gently with a glass rod. Ensure that the solution is uniform and that
any condensed water on the inner walls of the bottle is incorporated. Allow to cool at room
temperature for 15 min, and transfer the bottle to a thermostatically controlled bath at
10.0 ± 0.1 , and fitted with a device to ensure that the platform on which the bottle
stands is perfectly horizontal. Close the bottle with a rubber stopper, and allow to stand
for 17 ± 1 h. Remove the sample bottle from the bath, and quickly wipe the water from the
exterior of the bottle. Center the bottle on the platform of the apparatus so that the
plunger contacts the sample as nearly at its midpoint as possible, and start the
measurement.
• Iron: Maximum 30 ppm. Atomic absorption spectrometry, standard additions method
Test solution: To 5.00 g of the substance to be examined, in a conical flask, add 10 mL of
hydrochloric acid (37% m/m of HCl). Close the flask, and place in a water bath at 75 –80
for 2 h. (If necessary for proper solubilization, the gelatin may be allowed to swell after
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addition of the acid and before heating, the heating time may be prolonged, and a higher
temperature may be used.) Allow to cool, and adjust the content of the flask to 100.0 g
with water.
Iron standard solution (8 ppm): Dissolve 80 mg of iron in 50 mL of hydrochloric acid (220
g/L of HCl), and dilute with water to 1000.0 mL. Immediately before use, dilute a portion
of the solution with water to 10 times its volume.
Reference solutions: Prepare the reference solutions using the Iron standard solution (8
ppm of Fe), diluted with water as necessary.
Wavelength: 248.3 nm
• Chromium: Maximum 10 ppm. Atomic absorption spectrometry, standard additions method
Test solution: Use the Test solution described in the test for Iron.
Chromium standard solution (100 ppm of Cr): Solution of potassium dichromate in water
Reference solutions: Prepare the reference solutions using the Chromium standard
solution (100 ppm of Cr), diluted with water if necessary.
Wavelength: 357.9 nm
• Zinc: Maximum 30 ppm. Atomic absorption spectrometry, standard additions method
Test solution: Use the Test solution described in the test for Iron.
Zinc standard solution (10 ppm): Dissolve 0.440 g of zinc sulfate heptahydrate and 1 mL
of acetic acid (300 g/L of C2 H4 O2 ) in water, and dilute to 100.0 mL. Immediately before
use, dilute a portion of the solution with water to 100 times its volume.
Reference solutions: Prepare the reference solutions using the Zinc standard solution (10
ppm of Zn), diluted if necessary with water.
Wavelength: 213.9 nm
• Loss on Drying: Maximum 15.0%, determined on 5.000 g, by drying in an oven at 105 for
16 h
• Microbial Contamination: Absence of Escherichia coli and absence of Salmonella
TAMC: 103 cfu/g
TYMC: 102 cfu/g
ADDITIONAL REQUIREMENTS
• Storage: Protect from heat and moisture.
• Labeling: The label states the Gel Strength (Bloom Value).
BRIEFING
Gelatin, Non-Gelling Grade. The European Pharmacopoeia is the coordinating pharmacopeia
for the international harmonization of the compendial standards for the Gelatin, Non-Gelling
Grade monograph, as part of the process of international harmonization of monographs and
general analytical methods of the European, Japanese, and United States pharmacopoeias.
The following monograph, which represents the OFFICIAL INQUIRY STAGE 4 document, is
based in part on comments from the Japanese Pharmacopoeia and the United States
Pharmacopeia in response to the STAGE 3 draft prepared by the European Pharmacopoeia.
This proposed OFFICIAL INQUIRY STAGE 4 document separates the Gelatin monograph into
two separate monographs for Gelling Grade and Non-Gelling Grade Gelatin.
(EXC: K. Moore.)
Correspondence Number—C95952

Comment deadline: March 31, 2011
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Add the following:
Gelatin, Non-Gelling Grade
DEFINITION
Purified protein obtained from collagen of animals (including fish and poultry) by partial alkaline
and/or acid hydrolysis, by enzymatic hydrolysis, or by thermal hydrolysis.
The hydrolysis leads to gelling or non-gelling grades. This monograph covers the non-gelling
grades.
IDENTIFICATION
• A. To 2 mL of Solution S (see Specific Tests) add 0.05 mL of a 125-g/L solution of copper
sulfate pentahydrate. Mix, and add 0.5 mL of an 85-g/L solution of sodium hydroxide. A
violet color is produced.
• B. To 0.5 g in a test tube add 10 mL of water. Allow to stand for 10 min, heat at 60 for 15
min, and keep the tube upright at 0 for 6 h. Invert the tube; the contents immediately
flow out for non-gelling grades.
• C. Place 0.5 g in a 250-mL bottle. Add 10 mL of water and 5 mL of sulfuric acid. Place the
bottle, partly but not completely closed (for example, using a watch glass), in an oven at
105 for 4 h. Allow to cool, and add 200 mL of water. Adjust to a pH of 6.0–8.0 using a
200-g/L solution of sodium hydroxide. Place 2 mL of the solution in a test tube, and add 2
mL of oxidizing reagent (14-g/L solution of chloramine in phosphate buffer solution pH 6.8;
prepare immediately before use). Mix, and allow to stand for 20 min. Add 2 mL of color
reagent [prepared immediately before use by dissolving 1.0 g of
dimethylaminobenzaldehyde in 3.5 mL of perchloric acid (600 g/L of HClO4 ) and slowly
adding 6.5 mL of 2-propanol]. Mix, and place in a water bath at 60 for about 15 min. A
red color develops.
Phosphate buffer solution pH 6.8: Mix 77.3 mL of a 71.5-g/L solution of disodium
hydrogen phosphate dodecahydrate with 22.7 mL of a 21-g/L solution of citric acid.
SPECIFIC TESTS
• Solution S: Dissolve 1.00 g in carbon dioxide-free water at about 55 , dilute with the same
solvent to 100 mL, and keep the solution at this temperature to carry out the tests.
• pH: 3.8–7.6 for Solution S, measured at 55
• Conductivity: Maximum 1 mS·cm-1, determined on a 1.0% solution at 30 ± 1.0 (without the
use of the temperature compensation)
• Sulfur Dioxide: Maximum 50 ppm. Introduce 150 mL of water into the flask (A) (see Figure
1), and pass carbon dioxide through the whole system for 15 min at a rate of 100 mL/min.
To 10 mL of hydrogen peroxide solution (30 g/L of H2 O2 ) add 0.15 mL of a 1-g/L solution of
bromophenol blue in alcohol (20% v/v). Add 0.1 M sodium hydroxide until a violet-blue color
is obtained, without exceeding the endpoint. Place the solution in the test tube (D).
Without interrupting the stream of carbon dioxide, remove the funnel (B), and introduce
through the opening into the flask (A) 25.0 g of the substance to be examined with the aid
of 100 mL of water. Add through the funnel 80 mL of dilute hydrochloric acid (73 g/L of
HCl), and boil for 1 h. Open the tap of the funnel, stop the flow of carbon dioxide, and also
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stop the heating and the cooling water. Transfer the contents of the test tube with the
aid of a little water to a 200-mL wide-necked, conical flask. Heat on a water bath for 15
min, and allow to cool. Add 0.1 mL of a 1-g/L solution of bromophenol blue in alcohol (20%
v/v), and titrate with 0.1 M sodium hydroxide until the color changes from yellow to violetblue (V1 mL). Carry out a blank titration (V2 mL). Calculate the content of sulfur dioxide in
ppm:
Result = 32030 × (V1

V2) × n/m

n= molarity of the sodium hydroxide solution used as titrant

Figure 1. Apparatus for determination of sulfur dioxide.
• Peroxides: Maximum 10 ppm, determined using peroxide test strips. Peroxidase transfers
oxygen from peroxides to an organic redox indicator which is converted to a blue oxidation
product. The intensity of the color obtained is proportional to the quantity of peroxide, and
can be compared with a color scale provided with the test strips, to determine the
peroxide concentration.
Suitability test: Dip a test strip for 1 s into hydrogen peroxide standard solution (10 ppm
of H2 O2 ) [prepared by dilution of hydrogen peroxide solution (30 g/L of H2 O2 )], such that
the reaction zone is properly wetted. Remove the test strip, shake off excess liquid, and
after 15 s compare the reaction zone with the color scale provided. The test strips are
suitable if the color matches that of the 10 ppm concentration.
Test: Weigh 20.0 ± 0.1 g of the substance to be tested in a beaker, and add 80.0 ± 0.2 mL
of water. Stir to moisten all the gelatin, and allow the sample to stand at room
temperature for 1–3 h. Cover the beaker with a watch glass. If the sample is not dissolved
completely, place the beaker for 20 ± 5 min in a water bath at 65 ± 2 to dissolve the
sample. Stir the contents of the beaker with a glass rod to achieve a homogeneous
solution. Dip a test strip for 1 s into the test solution, such that the reaction zone is
properly wetted. Remove the test strip, shake off excess liquid, and compare the reaction
zone after 15 s with the color scale provided. Multiply the concentration read from the
color scale by a factor of 5 to calculate the concentration in ppm of peroxide in the test
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substance.
Peroxide test strips: Use commercial test strips with a suitable scale covering the range
from 0 to 25 ppm of peroxide.
• Iron: Maximum 30 ppm. Atomic absorption spectrometry, standard additions method
Test solution: To 5.00 g of the substance to be examined, in a conical flask, add 10 mL of
hydrochloric acid (37% m/m of HCl). Close the flask, and place in a water bath at 75 –80
for 2 h. (If necessary for proper solubilization, the gelatin may be allowed to swell after
addition of the acid and before heating, the heating time may be prolonged, and a higher
temperature may be used.) Allow to cool, and adjust the content of the flask to 100.0 g
with water.
Iron standard solution (8 ppm): Dissolve 80 mg of iron in 50 mL of hydrochloric acid (220
g/L of HCl), and dilute with water to 1000.0 mL. Immediately before use, dilute a portion
of the solution with water to 10 times its volume.
Reference solutions: Prepare the reference solutions using the Iron standard solution (8
ppm of Fe), diluted with water as necessary.
Wavelength: 248.3 nm
• Chromium: Maximum 10 ppm. Atomic absorption spectrometry, standard additions method
Test solution: Use the Test solution described in the test for Iron.
Chromium standard solution (100 ppm of Cr): Solution of potassium dichromate in water
Reference solutions: Prepare the reference solutions using the Chromium standard
solution (100 ppm of Cr), diluted with water if necessary.
Wavelength: 357.9 nm
• Zinc: Maximum 30 ppm. Atomic absorption spectrometry, standard additions method
Test solution: Use the Test solution described in the test for Iron.
Zinc standard solution (10 ppm): Dissolve 0.440 g of zinc sulfate heptahydrate and 1 mL
of acetic acid (300 g/L of C2 H4 O2 ) in water, and dilute to 100.0 mL. Immediately before
use, dilute a portion of the solution with water to 100 times its volume.
Reference solutions: Prepare the reference solutions using the Zinc standard solution (10
ppm of Zn), diluted with water if necessary.
Wavelength: 213.9 nm
• Loss on Drying: Maximum 15.0%, determined on 5.000 g, by drying in an oven at 105 for
16 h
• Microbial Contamination: Absence of Escherichia coli and absence of Salmonella
TAMC: 103 cfu/g
TYMC: 102 cfu/g
ADDITIONAL REQUIREMENTS
• Storage: Protect from heat and moisture.
• Labeling: The label states that it is non-gelling grade.
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STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current copy of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current copy
of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
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Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
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Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Bias of the USP Harmonized Test for Dose Content Uniformity a
Meiyu Shen, PhD,b Yi Tsong, PhDb,c
ABSTRACT The USP harmonized dose content uniformity (DCU) sampling acceptance plan is the
standard for the compendium. It consists of a two-tier sampling acceptance plan that uses the
tolerance interval with an additional indifference zone concept. Other parametric tolerance
interval–based DCU plans such as the parametric two-sided tolerance interval (PTSTI) and
parametric two one-sided tolerance intervals (PTOSTI) have been proposed and discussed in
the literature. We studied the acceptance probabilities in relation to the coverage probabilities
within 85%–115% of label claim of the three procedures using operating characteristic (OC)
curves. Our results show that the USP harmonized DCU introduces bias in acceptance
probability when the mean of the lot is off target. As an illustration that bias is introduced by
the definition of indifference zones, OC curves of USP harmonized DCU are compared with the
modified USP procedure without the definition of an indifference zone.
INTRODUCTION
DCU testing is required by FDA to confirm that the dose content of the drug product is
consistent with the label claim. Recently USP issued the official harmonized DCU test (1), which
uses the tolerance interval with an additional indifference zone concept. It was pointed out by
Tsong et al. (2) that when the lot mean deviates from 100% of the label claim, the procedure
has potential bias that increases the probability of acceptance even if the variance is the
same. In this article, we further examine the problem by comparing the OC curves of the
pharmacopoeial procedure with procedures based on the traditional parametric two-sided
tolerance interval (PTSTI) and the parametric two one-sided tolerance intervals (PTOSTI) (2).
As a reference, we also introduce a modified USP harmonized test that is based on the current
USP harmonized test but without the definition of indifference zone. The four procedures will be
briefly described after the comparison method is introduced.
METHODS
Assume the tablet dose content values, X1, X2, ..., Xn are random samples with a normal
distribution with mean, µ, and variance, 2, such that Xi ~ N(µ, 2). The OC curves of the
acceptance probabilities for each procedure are generated below with the following simulation
procedures:
1. Generate data, X1, X2, ..., X30 for 30 tablets from N(µ, 2).
2. Repeat the data generation step 10,000 times.
3. Calculate the sample statistics for the first 10 tablets (tier 1) and for the whole 30
tablets (tier 2) for each of the 10,000 samples.
4. Determine the number of times that the sample statistics of the first tier satisfy the
acceptance criteria for the first tier (10 tablets).
5. Determine the number of times that the sample statistics of the second tier satisfy the
acceptance criteria for the second tier (30 tablets).
6. Calculate the empirical rate of acceptance for the first tier and the second tier.
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This method is used for all four procedures.
Parametric Two-sided Tolerance Interval Plan
The objective of a PTSTI with 95% confidence and 87.5% coverage for DCU sampling
acceptance testing is to ensure with 95% confidence that the percentage of tablets outside
the range of (85%, 115%) label claim (LC) is less than 12.5%. The test is carried out by
comparing the limits of a two-sided 95% confidence level for dose content and an 87.5%
coverage tolerance interval with the goal post (85%, 115%) LC. The two-sided 95% confidence
level and 87.5% coverage tolerance interval (x
the following equation.

Ks, x + Ks) is calculated by solving for K in

The tolerance factor, K, is obtained by numerical iteration methods (3).
The PTSTI test is described as follows: In the first tier, collect a random sample of 10 tablets
from the batch and assay these 10 tablets. Accept the whole lot if 85% < x K1s < x + K1s <
115%, where K1s is obtained by numerical iteration methods. Note: is the overall type 1 error
rate, and 1 is the type 1 error rate for the first tier when we control , e.g., at 0.05.
In the second tier, collect a random sample of an additional 20 tablets from the batch and
assay these 20 tablets. Accept the lot if 85% < x K2s < x + K2s < 115%, where K2 is
obtained by numerical iteration methods. Note: 2 is the type 1 error rate for the second tier
when we control the overall type 1 error rate, , e.g., at 0.05. In order to control the overall
type 1 error rate at = 0.05, both 1 and 2 are determined by the boundary of Pocock's
procedure (4).
The operating characteristic curves of the PTSTI plan (P = 87.5%) against the coverage of
85%–115% LC are presented in Figures 1 and 2, where K1 = 2.99 and K2 = 2.06.

Figure 1. PTSTI acceptance probability against the coverage with (85, 115)%.
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Figure 2. PTSTI acceptance probability against the high end of coverage within (85, 115)%.
In Figures 1 and 2, the y-axis represents the acceptance probability, and the x-axis represents
the coverage of 85%–115%, which is the true probability of a random variable X falling within
the range of 85% and 115% given that X follows the normal distribution with mean, µ, and
variance,

2.

In Figures 1 and 2, each line represents a different value of µ. For a given µ,

2

each
will correspond to a unique coverage of 85%–115%.
From Figures 1 and 2, the acceptance probability curves of PTSTI against the coverage within
the 85%–115% range do not differ much for the lots with different target means. Furthermore,
the two-sided tolerance interval (PTSTI) has lower acceptance probabilities for the lots with
off-target means than lots with on-target means when the same coverage within the 85%–
115% range is greater than 0.91.
Parametric Two One-sided Tolerance Interval Plan
The objective of a PTOSTI plan with 95% confidence and 87.5% coverage for quality assurance
DCU testing is to ensure with 95% confidence that the percentages of tablets below 85% and
above 115% LC are both less than 6.25% of the lot. The PTOSTI plan is proposed to ensure
that the percentage of over-filled tablets and the percentage of under-filled tablets are both
below a specific limit (2).
The PTOSTI plan consists of two one-sided tests. The first one-sided test is applied to ensure
that the percentage of over-filled tablets is below 6.25%. The test is carried out by comparing
the upper limit of a left one-sided 95% confidence and 93.75% coverage tolerance interval with
115%. The one-sided 95% confidence level tolerance interval (
, x + Ks) with 93.75%
coverage probability is calculated by solving for the upper tolerance interval, K, in the following
equation:

where n(x: µ,

) is a normal variable with mean µ and standard deviation

. K is often called

the one-sided tolerance factor. Faulkenberry and Daley (3) showed that K N is the 95%
percentile of a noncentral t distribution with N

1 degrees of freedom and a noncentrality

parameter, Z93.75% N.
When x + Ks < 115% LC, it ensures that the percentage of over-filled tablets is less than
6.25%. Similarly, when x Ks > 85% LC, it ensures that the percentage of under-filled tablets
is below 6.25%.
The two-stage PTOSTI plan can be described as follows: In the first tier, collect a random
sample of 10 tablets from the batch and assay these 10 tablets. Accept the lot if 85% < x
K1s < x + K1s < 115%, where K1 N = t(N

1,

NZ(1 + P)/2, 1

percentile of a noncentral t distribution with N

1),

100·(1

1)

th

1 degrees of freedom, and the noncentral

parameter
NZ(1 + P)/2. Note: is the overall type 1 error rate; 1 is the type 1 error rate for
the first tier when we control the of 2-tier sequential test, e.g., at 0.05 (4).
In the second tier, collect a random sample of an additional 20 tablets from the batch and
assay these 20 tablets. Accept the whole lot if 85% < x
= t(N

1,

NZ(1 + P)/2, 1

2),

100·(1

2)

th

K2s < x + K2s < 115%, where K2 N

percentile of a noncentral t distribution with
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N 1 degrees of freedom, and the noncentral parameter
NZ(1 + P)/2. Note: 2 is the type 1
error rate for the second tier when we control the overall type 1 error rate of the two-tier
sequential test as , e.g., 0.05.
The overall operating characteristic curves of the PTOSTI plan (P = 87.5%) against the
coverage percentage of the two tiers are presented in Figures 3 and 4, where K1 = 3.12 and K2
= 2.16.

Figure 3. PTOSTI acceptance probability against the coverage with (85, 115)%.

Figure 4. PTOSTI acceptance probability against the high end of coverage within (85, 115)%.
From Figures 3 and 4, the acceptance probability curves of the PTOSTI against the coverage
within the 85%–115% range do not differ much for the lots with different target means.
However, the PTOSTI has a little lower acceptance probability for the lots with off-target mean
than for the lots with on-target mean when the same coverage within the 85%–115% range is
greater than 0.91.
Compared to OC curves of PTSTI shown in Figures 1 and 2, Figures 3 and 4 indicate that
PTOSTI has similar OC curves but a smaller passing probability at each coverage percentage for
all different true means.
USP Harmonized DCU Procedure without an Indifference Zone
The two-tier USP harmonized test without an indifference zone is essentially equivalent to a
two one-sided parametric tolerance interval test with K1 = 2.4 and K2 = 2.0 for two tiers,
respectively. Assume that the coverage level of the first tier is 87.5%, and the confidence level
of the first-tier tolerance interval is equivalent to 90.85% for PTSTI. Also assume that the
coverage level of the second tier is 87.5%, and the confidence level of the first-tier tolerance
interval is equivalent to 95.14% for PTSTI. The total type 1 error rate is much greater than
5%. The type 1 error rate for each tier is not proportional to the sample size. This plan can be
described as follows: In the first tier, collect a random sample of 10 tablets from the batch and
assay these 10 tablets. Accept the whole lot if 85% < x

2.4·s < x + 2.4·s < 115%. Otherwise
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go to the second tier and assay the remaining 20 tablets. Accept the whole lot if 85% < x
2.0·s < x + 2.0·s < 115%.

Figure 5. Acceptance probability of USP harmonized DCU without indifference zone against the
coverage within (85, 115)%.

Figure 6. Acceptance probability of USP harmonized DCU without indifference zone against the
high end of coverage within (85, 115)%.
The OC curves of acceptance probability vs. coverage percentage (inside the 85%–115% LC
range) of the lot are presented in Figures 5 and 6. Compared to the OC curves of PTOSTI in
Figures 3 and 4, the USP harmonized plan without an indifference zone has similar OC curves
but higher probability of passing at each coverage percentage for all different true means
because its equivalent confidence level at each tier is much smaller than that of PTOSTI.
Compared to the OC curves of PTSTI in Figures 1 and 2, the USP harmonized plan without an
indifference zone has almost the same OC curves because the tolerance factor (K2) is almost
the same in both tests.
USP Harmonized DCU Plan
The USP harmonized plan (1) consists of a tolerance interval test and two indifference zones.
It defines two indifference zones for the lot mean. The first indifference zone is for samples
with mean values

98.5%, and the second indifference zone is for samples with mean values

101.5%. For the first indifference zone, 98.5% is used instead of x for the tolerance limit
calculation. For the second indifference zone, 101.5% is used instead of x for the tolerance
interval calculation. The two-tier USP harmonized test can be described as follows: In the first
tier, collect a random sample of 10 tablets from the batch and assay these 10 tablets. Let M =
98.5% if x < 98.5%, M = 101.5% if x >101.5%, and M = x otherwise. Accept the whole lot if M
15% < x 2.4·s < x + 2.4·s < M + 15%, and all 10 measurements fall within 75%–125% M.
Otherwise go to the second tier, and assay the remaining 20 tablets. Let M = 98.5% if x <
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15% < x

2.0·s < x + 2.0·s < M + 15%, and all 30 measurements fall within 75%–125% M.
The OC curves of acceptance probability vs. coverage percentage are presented in Figures 7
and 8. Compared to the OC curves of PTSTI and PTOSTI in Figures 1, 2, 3, and 4, the USP
harmonized plan is biased in favor of lots with off-target means. With either the PTSTI plan or
the PTOSTI plan, the probability of accepting a lot with on-target means is shown to be clearly
higher than for the lots with off-target means. However, for the USP harmonized plan, the
acceptance probabilities of lots with larger off-target means are higher than the lots with ontarget or near on-target means with the same coverage between 85% and 115% of LC. For
example, for 91% coverage within 85%–115% LC, lots with a mean of 86% LC have almost
100% acceptance probability, but lots with on-target (mean = 100% LC) or near on-target
means have only about 20% acceptance probability.

Figure 7. USP harmonized DCU acceptance probability against the coverage within (85, 115)%.

Figure 8. USP harmonized DCU acceptance probability against the high end of coverage within
(85, 115)%.
DISCUSSION
Let P be the true coverage of 85%–115%. Then, for all

where
(z0) = Prob(Z

z0), and Z is the standard normal variable.
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For these reasons, there is no point when µ 85 and P > 0.5, as shown in the figures. There
should be many points in the OC curves of all procedures for µ > 85 when P < 0.5. Let PPTSTI =
acceptance probability of PTSTI:
PPTSTI = Pµ, (85 < X k (n, p, )·S
< X + k (n, p, )·S) < 115)
[1]
Let PUSP = acceptance probability for USP with an indifference zone. Then

Let us consider the off-target lots:

where Z is the standard normal variable. Equation [2] can be reduced to [3]:
PUSP = Pµ, (83.5 < X k(n, p, )·S
< X + k(n, p, )·S) < 113.5 | X < 98.5

[3]

Comparing Equations [1] and [3], we can easily see that there exist some small

s so that PUSP

is almost 1, but PPTSTI = 0 when P is approximately 0.5. Most of the time PUSP = 0 for larger s.
Hence, there is a vertical line around P = 0.5 in the USP OC curve plot and no such line in the
PTSTI OC curve plot.
For µ = 100,

= 5, and n = 30,

where Z is the standard normal variable. Formula [2] is rewritten as [4]:
PUSP = Pµ, (98.5 15 < X k(n, p,
< 98.5 + 15 | X < 98.5)·0.05

)·S < X + k(n, p,

+ Pµ, (X 15 < X k(n, p, )·S < X + k(n, p,
< X + 15 | 98.5 < X < 101.5)·0.9
+ Pµ, (101.5

15 < X

k(n, p,

)·S)

)·S)

)·S < X + k(n, p,

)·S)
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[4]

= 5, and n = 30,

Hence, the Formula [2] can be reduced to
PUSP =
Pµ, (98.5 15 < X k(n, p, )·S < X + k(n, p,
< 98.5 + 15 | X < 98.5)
[5]

)·S

Comparing Formulas [4] and [5], we can easily see that 90% of the time, M = X when µ = 100
and almost 100% of the time M = 98.5% when µ = 90.
These comparisons show that the indifference zone favors the batches with off-target means.
The consequence of the indifference zone is illustrated by Figure 7 as well.
CONCLUSIONS
The USP sampling plans have often been modified through the years based on the capability of
manufacturing without proper statistical support. As a result, the plans often turn out to be
both biased and incapable of inferring the characteristics of the population (the lot). Tsong et
al. [5] illustrated the problems with the USP dissolution test sampling plan and proposed to
adopt a group sequential parametric tolerance interval testing (PTIT) plan to replace the
current dissolution test sampling acceptance plan. Similarly, a PTIT procedure is proposed here
to replace the current USP sampling acceptance plan for dose content uniformity.
Because of its indifference zones, the USP harmonized plan is biased in favor of lots with offtarget means. The bias of the procedure is displayed with the plots of the acceptance
probability against the coverage percentage (inside 85%–115% LC range) of the lot (Figures
1–8). The OC curve of the USP harmonized plan against the coverage within 85%–115% LC is a
vertical line for a lot mean of 85% LC.
From these figures, it is clear that the USP harmonized DCU plan has much higher acceptance
probability for lots with off-target means (i.e., the lot mean 100% LC) than lots with ontarget means when the coverage percentage within the interval 85%–115% is the same. In
contrast, the acceptance probability curves of the PTSTI and PTOSTI do not differ much for
lots with different target means. Furthermore, the PTSTI and PTOSTI have a slightly lower
acceptance probability for the lots with off-target means than lots with on-target means when
the coverage within the 85%–115% interval is greater than 0.91.
Hence, we recommend that USP remove the indifference zone and replace the current USP
harmonized content uniformity test with PTIT such as PTSTI or PTSOTI.
References
1. USP. USP 32–NF 27, Uniformity of Dosage Units <905>. Rockville, MD: USP; 2009:382–
387.
2. Tsong Y, Shen M, Lostritto RT, Poochikian GK. Parametric two-tier sequential quality

PF 37(1): Jan.-Feb. 2011

269

assurance test of delivery dose uniformity of multiple-dose inhaler and dry powder
inhaler drug products. J Biopharm Stat. 2008;18(5):976–984.
3. Faulkenberry GD, Daley JC. Sample size for tolerance limits on a normal distribution.
Technometrics. 1970;12(4):813–821.
4. Jennison C, Turnbull BW. Group Sequential Methods with Applications to Clinical Trials.
Boca Raton, FL: CRC Press; 1999.
5. Tsong Y, Shen M, Shah VP. Three-stage sequential statistical dissolution testing rules. J
Biopharm Stat. 2004;14(3):757–779.
a This article represents only the authors' opinion and not necessarily the official position of the US FDA.
b Division of Biometrics VI, Office of Biostatistics, Office of Translational Sciences, C enter for Drug Evaluation
and Research, Food and Drug Administration.
c C orrespondence should be addressed to: Walter W. Hauck, PhD, Senior Scientific Fellow, US Pharmacopeia,
12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8390; e-mail wh@usp.org.

PF 37(1): Jan.-Feb. 2011

270

STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Revision of USP General Chapter Radiopharmaceuticals for Positron Emission
Tomography—Compounding

823

Joseph C. Hung, PhD,a Sally W. Schwarz, RPh, MS,a,b Steve S. Zigler, PhD,a,c Ravi
Ravichandran, PhDd
ABSTRACT This Stimuli article presents the reasons for the proposed revision of General
Chapter Radiopharmaceuticals for Positron Emission Tomography—Compounding 823 , as
well as the basis for each of the major changes. The objectives of this Stimuli article are fourfold: (1) provide background about the need for the proposed revision, (2) offer rationale for
each major change, (3) initiate discussion, and (4) solicit public comments that will be reviewed
and considered by USP's Expert Committee.
INTRODUCTION AND HISTORY
The first USP monograph for a positron emission tomography (PET) drug was published in 1989
(1). This monograph described acceptance criteria for identity, strength, quality, and purity
characteristics associated with Fludeoxyglucose F 18 Injection. More monographs were
published for various PET drugs throughout the 1990s so that the total number of USP
monographs for PET drugs now stands at 12. In addition to individual monographs, USP has
published two informational general chapters for PET drugs. The first was General Chapter
Automated Radiochemical Synthesis Apparatus 1015 (2). This chapter described a quality
assurance (QA) program for equipment, reagents, documentation, and software used in the
production of PET drugs. The second was General Chapter Radiopharmaceuticals for Positron
Emission Tomography—Compounding 823 (3). This chapter provides an extensive QA
program for compounding PET drugs.
The FDA Modernization Act became law in 1997 and required that PET drugs be compounded in
accordance with USP monographs and general chapters until FDA established current good
manufacturing practice (CGMP) regulations for PET (4). In 2005, FDA issued a proposed rule for
PET CGMP and indicated that different CGMP requirements should be applied to investigational
and research PET drugs to allow more flexibility during the development of these drugs (5).
Because the provisions in <823> are generally less specific and explicit than those proposed by
FDA, FDA determined that 823 would be adequate to ensure that investigational and
research PET drugs are produced safely. FDA recently published final regulations (the Final
Rule) (6) and an accompanying guidance document (the Guidance) (7) for PET CGMP. When
this Final Rule becomes effective on 12 December 2011, chapter 823 as published in USP 32
will officially constitute the minimum CGMP requirements for investigational and research PET
drugs used in human subjects under an Investigational New Drug application (IND) or under the
approval of a Radioactive Drug Research Committee (RDRC) (8), and all other PET drugs will be
subject to FDA's new CGMP requirements. It should be noted that the revisions now being
proposed to

823

will not be enforceable as part of the Final Rule unless the reference in the

Final Rule to USP 32 is updated to reflect the official publication in which the revised

823

is
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published.
At the time the monographs and general chapters for PET drugs were published by USP in the
1990s, most PET drugs were produced and used within research or medical institutions. Since
then, the environment where PET drugs are produced and used has changed significantly.
Today, research and medical institutions continue to produce and use PET drugs for
investigational and research purposes. In addition, commercial producers supply most PET drugs
used in routine diagnostic imaging procedures. PET imaging agents also have attracted the
interest of pharmaceutical companies as potential tools to accelerate and reduce the cost of
traditional drug-discovery efforts. Finally, numerous efforts are underway to develop new
routine diagnostic imaging agents for use in cardiology, oncology, and neurology. Thus, the use
of PET imaging agents today spans discovery, research, clinical development, and routine
diagnostic imaging procedures.
RECOMMENDATIONS
The diversification of PET during the past 15 years has resulted in new requirements for the
PET environment, including a greater number of PET drugs, higher production levels, shorter
synthesis times, shorter quality control (QC) times, more complex syntheses, and increased
regulatory oversight. To understand these changes, USP jointly sponsored two symposia with
the Society of Nuclear Medicine (SNM) during SNM's annual meetings in 2008 and 2009 (9,10).
USP staff and RMI EC members (see Appendix 1 for membership) presented talks and led
discussions about historical trends and changes in the PET environment.
One goal of these symposia was to describe issues related to USP general chapters for PET
drugs and to gather feedback from the PET community. The USP–SNM joint symposia and
current regulatory considerations led RMI EC to conclude that the general chapters for PET
drugs must be revised. Deficiencies in the current version of
Differences in the organization of
(6)

823

823

include the following:

compared to the Final Rule (5) and Guidance

Further enhancement of 823 's flexible provisions by incorporating items such as
periodic quality indicator test (PQIT), a 30-hour initiation time frame for sterility testing,
and conditional final release according to FDA's PET CGMP requirements
Need for consistency with other revision efforts for USP general chapters
Inappropriate methodologies for system suitability and quantitative analysis in current
chromatographic tests
Lack of defined frequency for certain QC tests
Lack of discussion about the timing of the completion of certain QC tests relative to
product release
Lack of requirements for out-of-specification (OOS) investigations for QC tests.
The Revision Process for 823
To address these deficiencies, RMI EC proposed the establishment of an Ad Hoc Advisory Panel
(Advisory Panel) composed of academic and industrial members of the PET community (see
Appendix 2 for membership). The goal of the Advisory Panel was to advise RMI EC about
suitable revisions to 823 in accordance with USP's mission. The formation of the Advisory
Panel was completed in late 2008, and beginning in July 2009 the Advisory Panel met numerous
times. The outcome of this effort is summarized here.
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Differentiation between 823 and 797
USP General Chapter Pharmaceutical Compounding—Sterile Preparations 797 (11) describes
procedures and requirements that are designed to reduce the risks associated with the use of
compounded sterile preparations (CSPs). Because most PET drugs are sterile solutions intended
for intravenous administration, they must be handled in accordance with

797 . The Advisory

Panel wishes to differentiate the applicability of 797 and 823 . As noted above, 823
describes requirements for the production and compounding of PET drugs, typically as
injectable solutions in a multidose vial or bulk pharmacy package. Once a PET drug has been
produced or compounded according to 823 , 797 applies to the handling of the PET drug.
The most common example of such handling is the dispensing of the PET drug into unit doses
according to the practice of pharmacy or medicine. Based on the nature of the dispensing
process and the short half-life of positron-emitting radionuclides, the handling of PET drugs is
consistent with the description of low-risk CSPs, and these PET drugs can be handled in a
segregated compounding area if a less than 12-hour beyond-use date is assigned.
In summary,

823

when revised supersedes

797

regarding the production and

compounding of PET drugs. Once a PET drug has been produced or compounded according to
823 ,

797

applies to the drug's dispensing.

ORGANIZATION OF REVISED 823
To reflect the new role of

823

in the Final Rule on PET CGMP and to uphold PET

compounding practice, the title of the proposed revision of 823 has been changed to
Positron Emission Tomography—Drugs for Compounding, Investigational, and Research Uses.
By means of compounding, pharmacists (or other qualified individuals working under the
authority and supervision of a physician) fulfill an essential health-care need—providing patients
with medications tailored to their needs. In some cases compounding pharmacists provide a
drug that is not commercially available. In other cases the patient may be allergic to certain
ingredient(s) of the drug, or the dosage form may not be suitable for administration to the
patient. In addition to giving patients access to otherwise unavailable or more appropriate PET
drugs, compounding may also be used for teaching or QC purposes.
To streamline general chapters related to PET drugs, the Advisory Panel decided to consolidate
key standards and requirements stated in
Consequently,

1015

1015

into the proposed revision of

823 .

will be deleted from USP–NF. In addition, a new general chapter

numbered 1823 will be developed to supplement 823 . Although the title of this new
general chapter has not been formally established, it will describe concepts, technologies, and
procedures for the preparation of PET drugs. These supplemental descriptions are more suitable
for an informational general chapter. This is consistent with USP's General Chapter Design
Project, which is an effort to exclude nonenforceable information from general chapters
numbered less than 1000 (12).
Following are the sections in the proposed revision of
Definitions
Adequate Personnel and Resources
Quality Assurance

823 :
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Facilities and Equipment
Control of Components, Materials, and Supplies
Process and Operational Controls
Stability
Controls and Acceptance Criteria for Finished PET Drugs
If a PET Drug Does Not Conform to Specifications
Reprocessing
Labeling and Packaging
The remainder of this Stimuli article summarizes each section.
Definitions
The proposed revision of 823 contains a definitions section to clarify technical terms. These
definitions apply only to words and phrases as they are used in the proposed revision and may
not be suitable for other parts of USP–NF. Most of the definitions are self-explanatory and well
understood, but some are discussed below to illustrate the rationale for the most important
definitions.
Production vs. Compounding—For purposes of the proposed revision of 823 , production is
defined as the process of synthesis or formulation of a PET drug for investigational or research
uses. In addition, compounding is defined as the process of synthesis or formulation of a PET
drug for use in pharmacy and medicine. These definitions are consistent with FDA's use and the
differentiation between drug manufacturing and compounding (13). Because the proposed
revision of 823 is intended to support both production and compounding activities, the use
of these terms has been carefully controlled to achieve these goals and to avoid confusion.
Batch vs. Lot—The Final Rule (6) uses the terms batch and lot interchangeably. In addition,
the Final Rule appears to use lot synonymously with sub-batch. These definitions and usages
may be confusing to the PET community. To differentiate the specific meaning of each term,
the Advisory Panel and RMI EC propose that the definition of batch apply explicitly to the PET
drug and that the definition of lot apply only to components used in the preparation (including
QC) of a PET drug.
PET Drug—The definition of PET drug in the Final Rule (6) includes “any non-radioactive
reagent, reagent kit, ingredient, nuclide generator, accelerator, target material, electronic
synthesizer, or other apparatus or computer program to be used in the preparation of a PET
drug.” The Advisory Panel and RMI EC believe this definition is too broad. Instead, we propose
to define PET drug as “a finished form of a radioactive drug that exhibits spontaneous
disintegration of unstable nuclei by the emission of positrons and is intended for human
administration in diagnosis or therapy.” We believe that non-radioactive reagents, reagent kits,
ingredients, and target materials are components used to produce a PET drug and that
radionuclide generators, accelerators, electronic synthesizers, and computer programs are
ancillary items used in the production of PET drugs.
To avoid the use of different terms with the same meaning, the term PET radiopharmaceutical,
which appears in several places in the current version of
drug in accordance with these definitions.

823 , has been replaced with PET

QA vs. QC—QA and QC are commonly used interchangeably in the PET community even though
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the terms have fundamental differences. The proposed revision of 823 separately defines
QA and QC and outlines the differences in the first paragraph of the section on Quality
Assurance (see below).
Strength—The Final Rule (6) defines strength as radioactivity on a volume or weight basis. The
Advisory Panel and RMI EC believe that this definition risks confusing strength and specific
activity because it is not clear if weight refers to the cold mass of the active pharmaceutical
ingredient or the overall weight of the solution. In addition, it is common practice in PET to
define strength on a volume basis. Therefore, strength is defined in the proposed revision of
823

strictly based on volume (e.g., mCi/mL or MBq/mL).

Validation vs. Verification—The Final Rule (6) does not define the terms validation and
verification. It must be noted that the terms validate and validated are used in the Guidance
(7) without any definition. Validation and verification are essential and complementary elements
in the CGMP process. The proposed revision of 823 defines validation as the “establishment
of documented evidence that a method, process, or system accomplishes its intended
requirements.” In addition, verification is defined as “confirmation that an established method,
process, or system meets predetermined acceptance criteria.” It is helpful to think of validation
as “building the right thing,” and verification is “building it right.” These definitions are separate
from the same terms used for analytical procedures/methods.
Adequate Personnel and Resources
Adequate personnel and resources are addressed in several sections of the current version of
823 , including Compounding Procedure Verification, PET Radiopharmaceutical Compounding
for Human Use, and Quality Control. The proposed revision includes a separate section titled
Adequate Personnel and Resources, which requires a sufficient number of personnel with
appropriate education and training and indicates that the number of personnel depends on the
size and complexity of the facility.
This section of the proposed revision of 823 reflects the layout of the Final Rule (6)
addressing personnel and resources as the first topic. Part 212.10 of the Final Rule asks, “What
personnel and resources must I have?” In response, the Final Rule states that “the facility must
have sufficient personnel with necessary education, background, training, and experience to
perform their assigned functions ... with adequate resources to enable personnel to perform
these functions” (6). The regulation does not fully define that statement but notes that the
responsibilities and assigned duties must be clearly identified in written policies. The Guidance
(7) defines personnel qualification requirements more specifically as training in CGMP, ongoing
training in new or revised procedures, and maintenance of an employee file that includes CV,
copies of diplomas, and certificates of training.
The proposed revision of 823 requires training in synthesis and purification methods used to
make and test PET drugs. Training also should address aseptic assembly of all sterile
components, including the techniques and equipment used to achieve International
Organization for Standardization (ISO) Class 5 environmental conditions. Media fills are required
in triplicate to qualify a new operator, but an annual review should be performed to determine if
repeat annual simulations are necessary. The Final Rule (6) does not specify the training
qualifications, but the Guidance (7) in the section titled Production and Process Controls
describes the assessment of aseptic processes by media fills. The Guidance requires the same
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initial qualification but requalification annually with one media fill (7).
Quality Assurance
This section describes the difference between QA and QC in the production of PET drugs. QA
covers all matters that influence the product's identity, strength, purity, and quality. QC is a
subset of QA that deals with testing materials and products to determine if they meet
acceptance criteria. The QA function typically consists of oversight activities, and the QC
function consists of execution activities (14).
Facilities and Equipment
Although the current version of 823 does not have a dedicated section for facility and
equipment, it describes requirements for aseptic workstations, automated chemistry modules,
QC equipment, and others throughout the chapter. In the proposed revision, these
requirements are organized into one section titled Facilities and Equipment. The information in
this section has been augmented and includes topics that were omitted in the current version
of 823 , as well as clarifications for some topics such as system suitability, qualification,
certification, calibration, cleaning, and maintenance. In addition, this section contains portions
of 1015 that have been consolidated during the proposed revision. Some of the important
elements in this section are discussed below.
System suitability requirements for chromatography systems—The Guidance states that
at least one injection of a standard is required for system suitability (7). The Guidance does not
address reproducibility as a part of system suitability but instead references USP General
Chapter Chromatography 621 , which describes system suitability requirements (resolution,
replicate injections, and tailing factor) (15). Although these requirements are important for
chromatography systems used in PET, the number of injections required for replicate injections
in 621 may not be appropriate because of the nature (i.e., half-life) and number of different
PET drugs and/or the number of batches prepared at a typical academic or commercial PET
facility. Consequently, the proposed revision of 823 describes two acceptable system
suitability approaches that can be used for chromatographic systems.
The first approach is the construction of a calibration curve that can be used for an extended
period of time. In routine use, the injection of a known standard is used to verify that the
calibration curve is appropriate for use in subsequent sample injections. The second approach is
the use of a single-point calibration created from two injections of a known standard at the
beginning of each testing cycle. In each case, the requirement for replicate injections is met by
comparison of multiple injections, either within a single testing cycle or over an extended period
of time. Together, the approaches described in the proposed revision of
flexibility and clarity than does the Guidance.

823

provide more

Cleaning of equipment—The current version of 823 describes the cleaning of equipment
but does not specifically address cleaning between batches of PET drugs. As a result, there
has been confusion about the acceptability of cleaning between batches. The proposed
revision of 823 addresses this deficiency by describing requirements for cleaning equipment
between multiple batches of one or more PET drugs. This approach is consistent with the
equipment cleaning requirements described in the Guidance for PET CGMP (7).

PF 37(1): Jan.-Feb. 2011

276

Control of Components, Materials, and Supplies
The proposed revision of 823 requires that components, materials, and supplies used in the
preparation of PET drugs must be controlled to avoid problems. A designated person must be
responsible for these activities. Written specifications for all components, materials, and
supplies must be established, including appropriate storage conditions. These items must be
stored in a controlled-access area according to specifications. Each shipment of these items
must be logged in and examined to ensure that they meet established specifications. This
compliance can be accomplished by a procedure, a test, or a manufacturer's Certificate of
Analysis (COA) that includes actual test results for the lot. For precursors, a COA and an
identity test such as melting point are required. Alternatively, a COA can be used as the sole
acceptance criterion for the precursor if finished-product testing is performed to ensure the
correct precursor has been used. Membrane filters used for end-product sterilization must have
a COA or a certificate of conformance that certifies the product complies with the
manufacturer's written specifications. If sterile filter testing is performed only on a skip-lot
basis, a COA may not be available for every lot. These receipt requirements are less
prescriptive and are more flexible than the Guidance (7) and are suitable for the investigational
and research environment for PET drug production.
The current version of 823 does not specify how long receipt records for components,
containers, and closures must be retained. The proposed revision requires that receipt records
of completed examinations and tests should be maintained for one year after the expiration of
the item or one year after the release of any batch produced from the items, whichever is
longer. This is in line with the minimum storage period of all records and documentation
referenced in the Final Rule (6).
The proposed revision of 823 describes a simplified growth-promotion test to ensure the
viability of media used for sterility testing. In this test, a single microorganism is used to
demonstrate that the media are capable of supporting microbial growth. The proposed revision
includes an alternative to the simplified growth-promotion test wherein positive controls can
instead be used during routine sterility testing.
Process and Operational Controls
Process controls—A master formula must be established for each PET drug, and designated
person(s) must be responsible for ensuring the activities summarized in the master formula are
conducted properly. Acceptance criteria must be established in the master formula for each
PET drug, and if a USP monograph exists, USP standards are the minimum acceptable
requirements unless there are acceptance criteria specified in an FDA-approved IND or RDRC
protocol. The master formula for each PET drug must include final sterile 0.22-µm membrane
filtration (for parenteral dosage forms) and 0.45-µm particle filtration (for products administered
by inhalation). The master formula also must include a description of routine cleaning,
components and materials, synthetic process, formulation process including stabilizers and
buffers, calculations used in key parameters, and QC tests and their frequency. This approach
is consistent with the master production and control record described in the Final Rule (6) and
Guidance (7).
Documented studies must be performed to ensure that the process described in the master
formula yields a PET drug that meets the defined acceptance criteria. The testing must be
completed on three batches that cannot be consecutive. This allowance was added to account
for a batch that may not be completed because of factors that are not relevant to the quality
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characteristics of the PET drug (e.g., cyclotron malfunction, hardware malfunction, and so on).
This allows the completion of process validation without the potential losses that could occur
with three consecutive batches. All processes described in the master formula should be
reviewed annually and updated as needed.
Appropriate controls must exist for computer-controlled equipment that is described in the
master formula to ensure that changes are instituted only by authorized personnel and that
these changes are documented and verified.
The current version of 823 states that “a minimum of one verification study that shows the
product meets acceptance criteria must be conducted on an annual basis.” This annual
verification batch is not required in the Final Rule (6) for PET drugs “for which each entire
batch undergoes full finished-product testing to ensure that the product meets all
specifications.” The requirement for an annual verification batch has been removed in the
proposed revision of

823 .

Operational controls—A batch record must be completed to document each batch of a PET
drug. A batch record is a subset of the master formula and is used primarily for record-keeping
purposes. This approach lends itself to the repetitive nature of the PET drug environment and is
consistent with the batch production and control record described in the Final Rule (6) and
Guidance (7). The batch record must contain the lot numbers for all components, materials,
and supplies used, a description of the procedures followed, raw analytical data, and results
from QC tests. Entries in the batch record should be made directly after analysts perform the
activity. Completed batch records and associated documentation must be maintained for one
year after batch release. This corresponds to the record retention described in the Final Rule
(6).
Aseptic operations—The proposed revision of 823 requires the use of aseptic technique in
the preparation of the PET drug vial assembly and all components downstream of the membrane
sterilizing filter in an ISO Class 5 environment. After the PET drug vial is assembled, it can be
removed to a noncontrolled environment. During aseptic operations, operators are required to
wear clean laboratory clothing, forearm sleeves, hair cover, beard and moustache covers (as
appropriate), and sanitized gloves (rather than “sterile” gloves specified in 797 ) that cover
the wrist. This is consistent with the Guidance in Facilities and Equipment (7). The proposed
revision of 823 also allows the preparation of multiple PET drug vial assemblies in a single
aseptic operation cycle.
For sterility test inoculations, the proposed revision of 823 requires that inoculation of
sterility test media must be performed in a manner that is consistent with personnel radiation
exposure requirements. If media tubes have a screw-cap opening inoculations must be
performed in the aseptic workstation, but if the media tubes have a septum cap inoculation can
occur in a shielded area that does not contain a HEPA (high-efficiency particulate air) filter.
The Guidance does not differentiate inoculation requirements for screw-cap or septum-cap
media tubes.
Stability
The proposed revision of 823 is consistent with the Guidance regarding stability evaluation
for PET drugs. In each case, the PET drug must meet acceptance criteria for stabilityindicating QC tests at the beginning of the shelf-life period and at expiry. The stability-
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indicating QC tests include: radiochemical purity, appearance, pH, and stabilizer content (or
preservative effectiveness).
The proposed revision of

823

also adopts two of FDA's conditions for stability testing that

are not addressed in the current version of 823 , including:
Stability testing must be performed at the highest strength (see Definitions) in the
intended final product container–closure, and
At least three batches of the final PET drug should be stored according to proposed
conditions and should be studied for a time equal to the proposed shelf life.
Controls and Acceptance Criteria for Finished PET Drugs
Flexible requirements for QC testing—To provide a more flexible environment for QC testing
of PET drugs, the proposed revision of 823 contains the following changes:
If a QC test procedure is described in USP–NF, the accuracy and reliability of this
procedure does not require validation (16). The suitability of the testing procedure
requires verification only under the actual conditions of use.
Noncompendial QC tests for PET drugs must be reliable and specific. In addition, this is
consistent with the guidance for analytical methods validation (17), which states that
“analytical procedures should be fully developed and validation completed when the NDA
[New Drug Application] or ANDA [Abbreviated New Drug Application] ... is submitted.”
In addition to finished-product QC testing, the revised 823 includes in-process
testing and continuous process monitoring of an attribute by means of statistical
process controls. These two options are new items added to the Guidance (7).
Must and should QC tests—The proposed revision of 823 divides QC tests into two
categories: those that must be performed and those that should be performed. Must QC tests
must be performed on each batch before release for human administration. These tests include:
Determination of radiochemical purity and identity for all dosage forms
Determination of pH for parenteral dosage forms
Bacterial endotoxin test (BET) for parenteral dosage forms
Sterility test for parenteral dosage forms.
The current version of 823 permits a reduction in the frequency of sterility tests after a
record of successful sterility tests is established for a particular PET drug. The revision states
that the first batch “prepared each day shall be subject to a sterility test using cultivation
methods.” Because sterility testing and BET are both biological assessments, the proposed
revision of 823 includes a reduction in the frequency of the BET. Like the sterility test, the
BET must be performed on the first batch of each PET drug prepared each day.
Should QC tests are recommended at intervals sufficient to ensure the consistent production of
PET drugs that meet acceptance criteria for quality and purity. This stipulation allows PET drug
producers the flexibility to determine QC testing frequency based on scientific rationale. This
approach is consistent with the Guidance, which introduces the concept of PQIT (7). With
PQIT, FDA recognizes that certain noncritical attributes (e.g., radionuclidic purity, low-level
nontoxic impurities, class 3 residual solvents, and others) are not as significant as the final
acceptance specifications of a finished PET drug. For a noncritical QC attribute, FDA allows a
PET drug producer to conduct PQIT at predetermined intervals rather than on a batch-to-batch
basis.
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Removal of in-process 20-minute endotoxin limit test—The current version of 823
describes an in-process 20-minute endotoxin test. The Advisory Panel and RMI EC believe that
this test is out of date and is too prescriptive (i.e., a 20-minute process and “incorporating
positive controls in the range of 5 EU per mL to 175 EU/V, where V is the maximum volume of
injection”). Therefore the proposed revision of
process test.

823

does not include the 20-minute in-

Extended time for inoculation of sterility test media—The current version of 823
requires that sterility tests should be initiated within 24 hours of sterile filtration. The proposed
revision of 823 extends this time to “within 30 hours” to allow additional flexibility and to
better accommodate the daily cycle of production and testing for PET drugs. This is consistent
with the Final Rule (6), which also requires that sterility testing be started within 30 hours after
the completion of PET drug production [see 212.70(e)]. The proposed revision of 823 allows
the extension of this time period beyond 30 hours provided that the extended period does not
significantly reduce the viability of a USP indicator organism (e.g., E. coli) in the decayed PET
drug. This provision, which is consistent with the Guidance (7), was included to address
staffing issues that could result from weekends and holidays.
Conditional final release—The current version of 823 does not allow the conditional
release of PET drugs in the event of a QC equipment malfunction. This concept was first
introduced by FDA in the proposed rule for PET CGMP (5) and is also included in the Final Rule
(6). The proposed revision of 823 includes provision for conditional release and includes
requirements that are consistent with the FDA documents (6,7). Conditional release of PET
drugs should be rare if equipment is properly maintained, but this provision is important because
of the short half-life of PET drugs.
If a PET Drug Does Not Conform to Specifications
If a PET drug does not conform to specifications the first action generally is to investigate the
QC process. Such investigations typically are known as out-of-specification (OOS)
investigations. OOS investigations are not addressed in the current version of 823 .
The Guidance for OOS investigations of traditional pharmaceuticals (19) does not apply well to
short-lived PET drugs. Section 212.71 of the Final Rule (6) addresses the question, “What
actions must I take if a batch of PET drug does not conform to specifications?” This section
requires the rejection of PET drugs that do not meet specifications but does not discuss OOS
investigations and the possibility of analytical error as a cause of OOS results. The result is
that none of the FDA documents adequately address OOS investigations for PET drugs. To
resolve these shortcomings, the proposed revision includes a description of OOS investigations.
The focus of an OOS investigation is to determine if the OOS QC finding is the result of an
analytical error or a true product failure. If the investigation determines that the OOS result is
caused by analytical error, the original test results are invalidated. Thus, an OOS result does
not necessarily mean that the batch fails and must be rejected. However, if the investigation
determines that the OOS result indicates a true product failure, the batch must be rejected,
and the cause of the failure must be investigated. Rejected batches may be reprocessed.
Reprocessing
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Batch reprocessing is not addressed in the current version of 823 . Section 212.71 of the
Final Rule (6) permits the reprocessing of rejected batches, and a section about reprocessing
has been added to the proposed revision of 823 . This section describes requirements for the
reprocessing of PET drugs that do not conform to established specifications, including examples
of possible reprocessing operations and the testing requirements for reprocessed PET drugs.
Key requirements are that reprocessing must be described in established procedures and that
the reprocessed batch must be tested to ensure it meets the acceptance criteria for the PET
drug.
Labeling and Packaging
Labeling requirements for PET drugs are not described in the current version of 823 but are
included in a separate section in the proposed revision. The section has been divided into
information required on the immediate container for PET drugs and on the immediate shielding
during storage and use.
CONCLUSION
This article has described the process and rationale for RMI EC's revision of 823 . Since the
original publication of this chapter, technological, marketplace, and regulatory changes have
necessitated this chapter's revision. This article has also reviewed the most important changes
in the proposed revision of 823 . These changes will serve the needs of patients, research
subjects, medical institutions, clinical researchers, pharmaceutical companies, commercial PET
drug producers, and all members of the PET community.
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Kinney, BCNP, Maxim Kiselev, PhD, Scott Mason, PhD, Steve Mattmuller, MS, Sally W. Schwarz,
MS, Jean-Luc Vanderheyden, PhD, and Steve S. Zigler, PhD (chair).
a Member of the 2005–2010 USP Radiopharmaceutical and Medical Imaging Agents Expert C ommittee (RMI
EC ).
b Member, 2010–2015 General C hapters—Physical Analysis Expert C ommittee.
c Member, 2010–2015 Small Molecules 4 Expert C ommittee.
d Address correspondence to: Ravi Ravichandran, PhD, Principal Scientific Liaison, US Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8330; e-mail rr@usp.org.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Revision of USP General Chapter Containers—Performance Testing
USP General Chapter Containers—Performance Testing

671

671

Ad Hoc Advisory Panela,b

ABSTRACT This Stimuli article provides an overview of the current status of the revision
process for USP General Chapter Containers—Performance Testing 671 and outlines general
proposals and recommendations by an Ad Hoc Advisory Panel formed by the USP Packaging and
Storage Expert Committee during the 2005–2010 revision cycle. The intent of the article is to
initiate discussion, to solicit public comments, and to invite participation of interested parties in
the revision of 671 . During the current cycle (2010–2015), consideration of responses to
this Stimuli article will be considered by the Packaging, Storage, and Distribution Expert
Committee.
INTRODUCTION
During the 2005–2010 revision cycle, the USP Packaging and Storage Expert Committee began
to modernize USP General Chapter Containers—Performance Testing 671 (previously titled
Containers—Permeation). Following a public call for volunteers for an Ad Hoc Advisory Panel
published on the USP Web site at www.usp.org and in Pharmaceutical and Medical Packaging
News, the committee selected Advisory Panel members who represent a cross-section of

671

users with diverse perspectives on the fundamentals of water vapor transmission and the
associated test methodology. The members sought to better understand these principles by
sharing information, offering brief seminars about water vapor transmission theory, and
collecting examples of practical applications. Within this Stimuli article, the members are
referred to collectively as Advisory Panel, we, or us. With the close of the 2005–2010 revision
cycle on 30 June 2010, the Advisory Panel concluded its deliberations, which yielded this
Stimuli article. The further work advanced by the Panel will be taken up by the current
Packaging, Storage, and Distribution EC.
OVERVIEW
General Chapter 671 applies gravimetric methods to procedures to determine weight gain or
weight loss that results from water vapor transmission. The results obtained from the methods
are used to calculate water vapor transmission rates (WVTR) that are used in 671 for
multiple-unit containers (with and without closure) and single-unit and unit-dose containers for
capsules, tablets, and solutions. These terms, e.g., tight container and well-closed container,
are found throughout the compendium—in USP general chapters and in monograph packaging
and storage statements—and are applied as standards for container–closure systems. These
terms and definitions are listed in Appendix 2.
Users of 671
Broadly, two groups of users of

671

have emerged during the past 40 years. The first group
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is composed of drug product manufacturers, packagers, repackagers, and container–closure
system component suppliers. This group can be subdivided into those who use 671 a) to
classify generally the type of container–closure system, e.g., Class A blister, and b) those who
use the methods to obtain a specific WVTR value for a container–closure system. Pharmacies
comprise the second group as users of the container–closure system classifications, e.g., wellclosed, to select container–closure systems for dispensing. This second group does not use

671 for testing purposes. In some ways, FDA is a user because references to 671 appear
in several of its guidances, e.g., Container–Closure Systems for Packaging Human Drugs and
Biologics
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070551.pdf
In discussions with users of 671 , we discovered that many users in the first group have
questions about the current test procedures. These include the accuracy of the current twopoint analysis, the type of desiccant used, and the role of controls. Some users report that the
procedures are inadequate for detecting differences among high barrier container–closure
systems and use a more robust method in place of, or in addition to, the procedures available in
671 . Pharmacists use 671 primarily to ensure that containers they use in dispensing
meet the two definitions of the general chapter (tight and well-closed).
GENERAL ISSUES
Who Is the Audience?
The majority of USP monograph packaging and storage statements prescribe the use of either a
well-closed container or a tight container for drug products. This information could be directed
to either of the primary groups who rely on the general chapter. The general chapter is not
clear about the intended audience.
Need for a More Comprehensive Classification System
Some drug product formulations require container–closure systems that are superior to the
criteria for a USP tight container or Class A blister. For example, some products packaged in
multiple-unit container–closure systems require desiccant to maintain a low moisture level
during storage. Some products packaged in single-unit container–closure systems require high
barrier materials (cold-form foil with foil lidding) to create systems that are nearly impervious to
water vapor. Both of these systems may be required to ensure compliance with label claims for
the identity, strength, purity, and quality of the drug product or to comply with its associated
monograph throughout shelf life. In these cases, stability may not be sustained with Class A
blisters and tight containers. Even though most USP monograph packaging and storage
statements specify the more stringent tight container, a third category or even more may be
needed to adequately protect current or planned marketed products.
We recommend that the current terms for container–closure systems (e.g., tight container or
Class A) and the use of these terms in USP monograph Packaging and Storage statements be
clarified or replaced by a classification system based on WVTR rates that support a wider
variety of container–closure systems. A classification system is being developed and will be
used as a starting point for discussions with users of both

671

and USP.

Use of 671 to Compare Container–Closure Systems
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Although procedures in 671 may be applied to various types of container–closure systems—
e.g., various sizes of induction-sealed HDPE bottles, various closure styles on PETE bottles, and
various blister styles and materials of construction—the use of 671 solely to assess the
capability of a contain–closure system or to allow comparisons between dissimilar types of
container–closure systems is not recommended. The most appropriate way to assess the
adequacy of a container–closure system is by stability studies. Manufacturers should carefully
assess the overall WVTR and the suitability of the container–closure system for its intended
use. When evaluating change, analysts should carry out head-to-head comparisons of the old
and new container–closure systems. Additionally, analysis by more sophisticated techniques
and methods may be required to refine one's understanding of the differences among
container–closure systems under various storage conditions. This includes understanding the
effects of temperature and humidity, as well as materials of construction, size, sealing
materials, processing techniques, and the properties of the drug product. Ultimately, we believe
manufacturers must have a clear understanding of the influence of the WVTR properties on the
stability of the drug product. At this time, results obtained by the USP procedures may be
overused to justify changes to container–closure systems. Instead WVTR when coupled with
other studies, including stability studies, may be used to justify change to a new container–
closure system.
Normalization of WVTR Values
We discussed the practice of normalizing WVTR values determined for the container–closure
system (mg/day/package) in terms of volume, blister count, or unit count. Because this
procedure is not designed to differentiate among the quality of individual blister cavities on a
card, it may not be valid or accurate to divide the WVTR value for a 10-count blister card by
10 to obtain the WVTR in terms of mg/day/unit. We believe these manipulations and others
(e.g., determining mg/day/bottle count) should be the responsibility of the user based on
individual needs and knowledge of the overall properties of the container–closure system rather
than a requirement of

671 .

PROCEDURAL ISSUES
Steady-state Conditions
Maintaining steady-state conditions during the test is critical for a successful outcome. The
test requires an initial period of stabilization until a steady-state condition is achieved. Data
points obtained before steady state must be excluded from the water vapor rate determination.
The time required to determine steady-state conditions is determined experimentally.
Adequacy of Desiccant
The proper amount of desiccant must be present at the start to avoid exhausting its capacity,
and the test must not continue if the desiccant becomes exhausted. These test conditions are
achieved in an environmentally controlled chamber with adequate desiccant to maintain a low,
nearly constant relative humidity inside the container–closure system samples during the test.
The appropriate amount of desiccant is determined experimentally.
Test Conditions
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We discussed test conditions for storage of samples for WVTR determinations. Among the test
conditions discussed (23 C/75% RH; 25 C/60% RH; 30 C/65% RH; and 40 C/75% RH), we
agree that 40 C/75% RH accelerates the WVTR within a given testing time, increases the
observed weight gain, and supports shorter studies.
Desiccant Weight Gain and Use of Controls/Blanks
We also examined the influence on the rate of weight gain of various types of desiccants and
the use of controls or blanks (empty or inert material-filled container–closure systems) but
have not finalized any recommendations. Additional research and discussion may be necessary,
but we do recommend that sample and blank preparation be addressed separately from the
method. We believe that the end user is ultimately in control of and is responsible for proper
sample preparation (filling with desiccant, amount and type of desiccant, sealing technique,
handling, storage, and so on), including the use and treatment of blanks.
Time Lapse and Frequency of Measurements
We considered time lapse and the frequency of weight measurements. Although a two-point
approach in the current method seems to provide a limited view of the variation, a multiplepoint approach, i.e., multiple weight determinations, may not provide the desired improvement
to accuracy if results (weight differences) are below the limit of detection or if the variables
listed in Appendix 3 are not understood and controlled. We believe gathering sufficient data (to
verify steady state, detect outliers, and evaluate trends) is important for a robust
understanding of the WVTR properties of the container–closure system. The number of data
points needed remains under discussion.
Sources of Variability
Sources of variability in the procedure as identified in Appendix 3 should be understood and
controlled. We need reliable WVTR methods that minimize variability and provide reproducible
results. Further study is needed to describe how these sources of variability may affect the
determination of the WVTR of various types of container–closure systems.
REQUEST FOR COMMENT AND DATA
The Advisory Panel requests the following: 1) comments on problems we have identified in this
Stimuli article; 2) additional problems that readers have encountered; and 3) data to address
how any of these problems could be resolved. All comments and data or additional questions
should be submitted by 15 April 2011 to Desmond Hunt, PhD, Senior Scientist, via e-mail to
dhunt@usp.org or by post to him at US Pharmacopeial Convention, 12601 Twinbrook Parkway,
Rockville, MD 20852-1790.
APPENDIX 1
Advisory Panel Members
USP General Chapter Containers—Performance Testing 671 Ad Hoc Advisory Panel members
include: Kevin Bright, Ginny Chang, Mary Foster, Judi Haber, Desmond Hunt, Kathy Jones, Hugh
Lockhart, Helen Mao, Edward McKinley, Dwain L. Sparks (Chair), Michelle Stevens, Harmony Sy,
Susan Thompson, Keith Wilbourn, Li Xiong, and Seungyil Yoon.

PF 37(1): Jan.-Feb. 2011

286

APPENDIX 2
Specifications for USP

Multipleunit
Containers
for
Capsules
and
Tablets

Singleunit
Containers
and Unitdose
Containers
for
Capsules
and
Tablets

671

Container–Closure Systems

USP General Chapter 671 WVTR Requirements and Terms
Closed and For containers used for drugs dispensed on prescription, the
opened 30
containers so tested are tight containers if not more than 1 of the
times to
10 test containers exceeds 100 mg/day/L in moisture permeability
torque
and none exceeds 200 mg/day/L.a
described in For containers used for drugs dispensed on prescription, the
chapter
containers are well-closed containers if not more than 1 of the 10
test containers exceeds 2000 mg/day/L in moisture permeability and
none exceeds 3000 mg/day/L.a
(Without
The high-density polyethylene containers so tested meet the
closure)
requirements if the moisture permeability exceeds 10 mg/day/L in not
polyethylene more than 1 of the 10 test containers and exceeds 25 mg/day/L in
container
none of them.b
The low-density polyethylene containers so tested meet the
requirements if the moisture permeability exceeds 20 mg/day/L in not
more than 1 of the 10 test containers and exceeds 30 mg/day/L in
none of them.b
(Without
The containers meet the requirements if the moisture permeability
closure)
exceeds 15 mg/day/L in not more than 1 of the 10 test containers
polypropylene and exceeds 25 mg/day/L in none of them.b
containers
The individual unit-dose containers as tested in Method I are
designated Class A if not more than 1 of 10 containers tested
exceeds 0.5 mg/day in moisture permeation rate and none exceeds 1
mg/day; they are designated Class B if not more than 1 of 10
containers tested exceeds 5 mg/day and none exceeds 10 mg/day;
they are designated Class C if not more than 1 of 10 containers
tested exceeds 20 mg/day and none exceeds 40 mg/day; and they
are designated Class D if the containers tested meet none of the
moisture permeation rate requirements. The packs as tested in
Method II are designated Class A if no pack tested exceeds 0.5
mg/day in average blister moisture permeation rate; they are
designated Class B if no pack tested exceeds 5 mg/day in average
blister moisture permeation rate; they are designated Class C if no
pack tested exceeds 20 mg/day in average blister moisture
permeation rate; and they are designated Class D if the packs tested
meet none of the average blister moisture permeation rate
requirements listed above.a
The containers so tested meet the requirements and are tight
containers if the percentage of water weight loss does not exceed
2.5% per year in not more than 1 of the 10 test containers and does
not exceed 5.0% per year in none of them.a

Multipleunit
Containers
and Unitdose
Containers
for Liquids
a The water vapor transmission rate definition with a corresponding term is stated.
b The water vapor transmission rate definition is stated. No corresponding term is stated.

PF 37(1): Jan.-Feb. 2011

APPENDIX 3
Sources of WVTR Method Variability
Source
Container–Closure System WVTR Study Attributes
Environmental Placement of blanks and samples in chamber and storage (always in same
(E) Chamber position, in a box or tray)
E. Chamber
Setting conditions (temperature)
E. Chamber
Setting conditions (relative humidity)
E. Chamber
Temperature range control (±)
E. Chamber
Relative humidity range control (±)
E. Chamber
Use of a designated chamber
E. Chamber
Time for stabilization of samples and blanks before recording weights
Balance
Balance type and weight range calibration
Balance
Balance sensitivity
Balance
Calibration check before weighing
Balance
Air flow affecting pan
Balance
Antistatic control
Balance
Vibration checks
Balance
Air flow affecting pan
Sample
Temperature of sample-handling room or area
Equilibration
Sample
Relative humidity of sample-handling room or area
Equilibration
Sample
Time between removal from chamber and weight determination (weight
Equilibration equilibration)
Samples and Number of samples and blanks
Blanks
Samples and Presence of fiber, e.g., paper label, pulp closure liner, paper-backed lidding
Blanks
Samples and Time lapse between sample preparation and starting test
Blanks
Samples and Order of weighing
Blanks
Samples and Accuracy of recorded time of weight determinations
Blanks
Samples and Sample handling after removal from chamber before weighing (time for weight
Blanks
equilibration; temperature and RH conditions for weight equilibration)
Blanks
Properties of blanks (similarities and differences compared to samples)
Study Design Preparation site
Study Design Hold time before testing
Study Design Transportation process (sample preparation to testing lab)
Study Design Transportation process (chamber to weighing area)
Study Design Frequency of weight determinations
Study Design Length of study, e.g., 14 days, 28 days
Study Design Determination of steady state
Operator
Number per test
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LoD, LoQ
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Training
Correspondence of LoD and LoQ with net weight change of samples and blanks

a See Appendix 1 for a list of members.
b C omments should be addressed to: Desmond Hunt, PhD, Senior Scientist, US Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8341; e-mail dgh@usp.org.
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The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
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(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

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

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

In-Process
Revision

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

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Modafinil, USP 34 page 3547. On the basis of comments received, it is proposed to revise the
test for Heavy Metals. The solubility of modafinil in the specified solvent is not sufficient to
perform the test. It is proposed to replace Method I with Method II, which is shown to work
well for this material, and to use the Test Preparation specified under Heavy Metals, Method
II 231 . The comment period for this revision ends May 31, 2011. In the absence of
significant adverse comments, it is proposed to implement this revision via an Interim
Revision Announcement pertaining to USP 34–NF 29, with an official date of September 1,
2011.
(SM4: M. Waddell.)
Correspondence Number—C98262

Comment deadline: May 31, 2011
Modafinil

C15 H15 NO2 S

273.35

Acetamide, 2-[(diphenylmethyl)sulfinyl]-;
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2-[(Diphenylmethyl)sulfinyl]-acetamide

[68693-11-8].

DEFINITION
Modafinil contains NLT 98.0% and NMT 101.5% of C15 H15 NO2 S, calculated on the anhydrous
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Buffer: 6.8 g/L of potassium dihydrogen phosphate in water. Adjust with phosphoric acid to
a pH of 2.3.
Mobile phase: Acetonitrile and Buffer (35:65)
Diluent: Acetonitrile and water (35:65)
System suitability solution: 5 µg/mL of USP Modafinil RS and 50 µg/mL of USP Salicylic
Acid RS in Diluent
Standard solution: 0.1 mg/mL of USP Modafinil RS in Diluent
Sample solution: 0.1 mg/mL of Modafinil in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
[NOTE—The relative retention times for modafinil and salicylic acid are about 1.0 and 1.1,
respectively.]
Suitability requirements
Resolution: NLT 1.3 between modafinil and salicylic acid
Tailing factor: NMT 1.5 for the modafinil peak
Relative standard deviation: NMT 2.0% for the modafinil peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of modafinil (C15 H15 NO2 S) in the portion of Modafinil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Modafinil RS in the Standard solution (mg/mL)
C=
U concentration of Modafinil in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–101.5% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Heavy Metals, Method I
Method II (IRA 1-Sep-2011)
231 : NMT 20 ppm
Sample solution: Dissolve Sample in methanol and water solution (3:2)
(IRA 1-Sep-2011)

• Organic Impurities
Buffer, Mobile phase, Sample solution, System suitability solution, and
Chromatographic system: Prepare as directed in the Assay.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.3 between modafinil and salicylic acid
Tailing factor: NMT 1.5 for the modafinil peak
Relative standard deviation: NMT 2.0% for the modafinil peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Modafinil taken:
Result = (rU/rT) × (1/F) × 100
r=
U individual peak response of each impurity
r=
T sum of the responses of all the peaks
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Modafinil
1.0
Salicylic acida
1.1
b
Modafinil acid
1.4
c
Modafinil sulfone
1.7
Modafinil esterd
3.0
Any other individual unspecified impurity
—
Total impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—
—
—
1.0
0.5
0.9
0.5
1.0
0.5
1.0
0.05
—
1.0
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Salicylic acid is used for calculating resolution and is not a potential impurity.
2-[(Diphenylmethyl)sulfinyl]acetic acid.
2-[(Diphenylmethyl)sulfonyl]acetamide.
2-[(Diphenylmethyl)sulfinyl]acetic acid methyl ester.

SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards
USP Modafinil RS
USP Salicylic Acid RS
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In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 2S (USP 34) indicates that the proposed revision is slated for the Second
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Supplement to USP 34, and
35 and NF 30, respectively.
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USP35

and

NF30

indicates that the revisions are proposed for USP

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
Allantoin, USP 32 page 1450. On the basis of comments received, it is proposed to make the
following changes:
1.
Identification test C is deleted because Allantoin can be sufficiently identified by the
Infrared Absorption test and the Thin-Layer Chromatographic Identification Test.
2.
The concentration of the Sample solution in the test for Optical Rotation is changed
because Allantoin is not soluble at a concentration of 10 mg/mL. The revised Sample
solution concentration is consistent with the one in European Pharmacopoeia 6.8.
(SM3: F. Mao.)
Correspondence Number—C88986

Comment deadline: May 31, 2011
Allantoin

C4 H6 N4 O3

158.12

Urea, (2,5-dioxo-4-imidazolidinyl)-;
Allantoin
[97-59-6].
DEFINITION
Allantoin contains NLT 98.5% and NMT 101.0% of C4 H6 N4 O3 .
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Thin-Layer Chromatographic Identification Test 201 : The RF value of the principal
spot from Sample solution A corresponds to that from Standard solution A, as described in
the test for Organic Impurities.
Delete the following:
• C.
Diluent: 2 M sodium hydroxide and water (1:1)
Sample solution: Dissolve 20 mg of Allantoin in 2 mL of Diluent. Heat to boiling, allow to
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cool, and add 1 mL of 2 M hydrochloric acid.
Analysis: To 0.1 mL of Sample solution, add 0.1 mL of 100 mg/mL of potassium bromide,
0.1 mL of 20 mg/mL of resorcinol, and 3 mL of sulfuric acid. Heat on a water bath for 5–10
min.
Acceptance criteria: A dark blue color, which turns red after cooling and pouring into
about 10 mL of water, is observed. 1S (USP35)
ASSAY
• Procedure
Sample: 120 mg
Analysis: Transfer the Sample to a 100-mL beaker, dissolve by stirring in 40 mL of water,
and titrate with 0.1 M sodium hydroxide. Use a suitable electrode system (see Titrimetry
541 ). Each mL of 0.1 M sodium hydroxide is equivalent to 15.81 mg of C4 H6 N4 O3 .
Acceptance criteria: 98.5%–101.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Adsorbent: Cellulose
Diluent: Methanol and water (1:1)
Urea stock solution: 1 mg/mL of USP Urea RS in water
Standard solution A: 1 mg/mL of USP Allantoin RS in Diluent
Standard solution B: 0.1 mg/mL of USP Urea RS in methanol, from Urea stock solution
Standard solution C: Standard solution A and Standard solution B (1:1)
Sample solution A: Transfer 0.10 g of Allantoin to a 10-mL volumetric flask, add 5 mL of
water, dissolve by heating, and allow to cool. Dilute with methanol to volume. [Note—Use
immediately after preparation. ]
Sample solution B: Transfer 1 mL of Sample solution A to a 10-mL volumetric flask, and
dilute with Diluent to volume.
Spray reagent: 5 mg/mL of p-dimethylaminobenzaldehyde in a mixture of methanol and
hydrochloric acid (3:1)
Application volume
Standard solution A: 5 µL
Standard solution B: 5 µL
Standard solution C: 5 µL
Sample solution A: 10 µL
Sample solution B: 5 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (60:15:25)
Analysis: Proceed as directed for Chromatography 621 , Thin-Layer Chromatography.
Develop the chromatogram until the solvent front has moved about 10 cm. Spray the
plate with Spray reagent, dry in a current of hot air, and after 30 min examine under
visible light.
Acceptance criteria: Any spot from Sample solution A, except for the principal spot, is not
more intense than the spot from Standard solution B (NMT 0.5%). The test is not valid
unless the principal spots from Standard solution C are clearly separated.
SPECIFIC TESTS
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Change to read:
• Optical Rotation, Angular Rotation 781A
Sample solution: 10
5 1S (USP35)
mg/mL, in carbon dioxide-free water. [Note—Reserve a portion of this solution for use in
the test for Acidity or Alkalinity. ]
Acceptance criteria:
• Acidity or Alkalinity

0.10 to +0.10

Sample solution: Use the Sample solution retained from the test for Optical Rotation
781A , Angular Rotation.
Analysis: To 5 mL of the Sample solution add 5 mL of water, 0.1 mL of methyl red TS, and
0.2 mL of 0.01 M sodium hydroxide.
Acceptance criteria: A yellow color is observed. The solution turns red upon the addition
of 0.4 mL of 0.01 M hydrochloric acid.
• Loss on Drying 731 : Dry a sample at 105 to constant weight: it loses NMT 0.1% of its
weight.
• Reducing Substances
Sample solution: 1.0 g of Allantoin in 10 mL of water. Shake for 2 min, and filter.
Analysis: To the Sample solution add 1.5 mL of 0.02 M potassium permanganate.
Acceptance criteria: The solution remains violet for at least 10 min.
ADDITIONAL REQUIREMENTS
• USP Reference Standards
USP Allantoin RS
USP Urea RS
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BRIEFING
Amiloxate, USP 32 page 1513. On the basis of comments received, it is proposed to make the
following changes:
1.
The chemical name of Amiloxate is corrected.
2.
The acceptance criteria for the Assay and individual impurities in Organic Impurities are
revised according to the updated specification.
3.
The Relative standard deviation in the Suitability requirements in the Assay is revised
from NMT 2.0% to NMT 1.0%, to make this requirement consistent with the Assay
acceptance criteria.
4.
The definition for rT in Organic Impurities is revised for clarification.
5.
The comments were received that the resolution requirement in Assay is ambiguous and
needs to be revised. As an interim solution it is proposed to delete this requirement
and seek industry's feedback for the next steps. Interested parties are encouraged
to submit suggestions to the SM3 Expert Committee for consideration.
(SM3: F. Mao.)
Correspondence Number—C86996

PF 37(2): Mar.-Apr. 2011

Comment deadline: May 31, 2011
Amiloxate
Change to read:

C15 H20 O3

248.32

4-Methoxycinnamic acid, isoamyl ester;
2-propenoic acid, 3-(4-methoxyphenyl)-3-methylbutyl ester
3-Methylbutyl 3-(4-methoxyphenyl)-(E)-2-propenoate 1S (USP35)
[71617-10-2].
DEFINITION
Change to read:
Amiloxate contains NLT 95.0%
98.0% 1S (USP35)
and NMT 105.0%
102.0% 1S (USP35)
of C15 H20 O3 .
IDENTIFICATION
• A. Infrared Absorption 197F
• B. Ultraviolet Absorption 197U
Sample solution: 5.0 µg/mL in alcohol
Acceptance criteria: Absorptivities, calculated on the as-is basis, do not differ by more
than 3.0%.
ASSAY
Change to read:
• Procedure
Standard solution: 20 mg/mL of USP Amiloxate RS in tert-butyl methyl ether
Sample solution: 20 mg/mL of Amiloxate in acetone
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 25-m, coated with a 0.1-µm film of phase G1

15

PF 37(2): Mar.-Apr. 2011

16

Temperature
Injector port: 240
Detector: 260
Column: See Table 1.
Table 1
Initial
Temperature Final
Hold Time
Temperature
Ramp
Temperature
at Final
( )
( /min)
( )
Temperature
(min)
60
8
240
10
Carrier gas: Helium
Flow rate: 6 mL/min
Injection size: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.0 between the amiloxate peak and any other peak
1S (USP35)

Relative standard deviation: NMT 2.0%
1.0% 1S (USP35)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amiloxate (C15 H20 O3 ) in the portion of Amiloxate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Amiloxate RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
98.0%–102.0% 1S (USP35)

IMPURITIES
Change to read:
• Organic Impurities
Standard solution, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Amiloxate taken:
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Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of the responses of all the peaks
excluding solvent peak 1S (USP35)
Acceptance criteria
Individual impurities: NMT 0.1%
NMT 0.5% 1S (USP35)
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Specific Gravity

841 : 1.037–1.041

• Refractive Index 831 : 1.556–1.560 at 20
• Acidity
Sample solution: Transfer 50 mL of alcohol to a suitable container. Add 1 mL of
phenolphthalein TS and sufficient 0.1 N sodium hydroxide to obtain a persistent pink color.
Transfer 50 mL of this solution to a suitable container, and add 5.0 mL of Amiloxate.
Analysis: Titrate with 0.1 N sodium hydroxide.
Acceptance criteria: NMT 0.2 mL of titrant per mL of Amiloxate is required for
neutralization.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Amiloxate RS

11
BRIEFING

Epinephrine, USP 34 page 2700. On the basis of comments and data received, it is proposed
to revise the specific rotation limit for epinephrine from “ 50.0 to

53.5 “ to “ 50.0 to

54.0 “ matching the limits in the current version of the European Pharmacopoeia.
(SM4: D. Vicchio.)
Correspondence Number—C89295

Comment deadline: May 31, 2011
Epinephrine
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183.20

1,2-Benzenediol, 4-[1-hydroxy-2-(methylamino)ethyl]-, (R)-;
( )-3,4-Dihydroxy- -[(methylamino)methyl]benzyl alcohol

[51-43-4].

DEFINITION
Epinephrine contains NLT 97.0% and NMT 100.5% of C9 H13 NO3 , calculated on the dried basis.
IDENTIFICATION
• A. To 5 mL of pH 4.0 acid phthalate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions) add 0.5 mL of a slightly acid solution of Epinephrine (1 in 1000) and 1.0 mL of
0.1 N iodine. Mix, and allow to stand for 5 min. Add 2 mL of sodium thiosulfate solution (1
in 40).
Acceptance criteria: A deep red color is produced.
ASSAY
• Procedure
Sample: 300 mg
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid, warming slightly if needed to
dissolve. Add crystal violet TS to the Sample, and titrate with 0.1 N perchloric acid VS.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 18.32 mg of epinephrine (C9 H13 NO3 ).
Acceptance criteria: 97.0%–100.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : Negligible, from 100 mg
• Limit of Adrenalone
Sample solution: 2 mg/mL of Epinephrine in dilute hydrochloric acid (1 in 200)
Analysis: Determine the absorptivity of the Sample solution at 310 nm (see
Spectrophotometry and Light-Scattering 851 ).
Acceptance criteria: NMT 0.2
• Limit of Norepinephrine
Standard stock solution A: 364 mg/mL of USP Epinephrine Bitartrate RS in formic acid
Standard solution A: 20 mg/mL of epinephrine in methanol, from Standard stock solution
A
Standard stock solution B: 16 mg/mL of USP Norepinephrine Bitartrate RS in formic acid
Standard solution B: 1.6 mg/mL of USP Norepinephrine Bitartrate RS in methanol from
Standard stock solution B
Sample solution: 20 mg/mL of Epinephrine. Dissolve 200 mg of Epinephrine in 1.0 mL of
formic acid, and dilute with methanol to 10.0 mL.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
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Developing solvent system: n-Butanol, water, and formic acid (7:2:1)
Spray reagent: Folin-Ciocalteu phenol TS
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
In an unsaturated chamber, develop the plate in the Developing solvent system until the
solvent front has moved three-fourths the length of the plate. Remove the plate from
the chamber, mark the solvent front, and allow the solvent to evaporate in warm
circulating air. Spray with Spray reagent, followed by sodium carbonate solution (1 in
10).
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that of Standard solution A. Any spot from the Sample solution is not
larger or more intense than the spot with the same RF value from Standard solution B,
corresponding to NMT 4.0% norepinephrine.
SPECIFIC TESTS
Change to read:
• Optical Rotation, Specific Rotation 781S : 50.0 to
50.0 to

54.0

53.5

1S (USP35)

Sample solution: 20 mg/mL, in 0.6 N hydrochloric acid
• Loss on Drying 731 : Dry it in a vacuum over silica gel for 18 h: it loses NMT 2.0% of its
weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Epinephrine Bitartrate RS
USP Norepinephrine Bitartrate RS
BRIEFING
Estradiol Vaginal Inserts, USP 34 page 2746 and the Revision Bulletin posted on the USP
Website, official July 1, 2010. On the basis of comments received, it is proposed to revise
the Definition and the Acceptance criteria in the Assay to match the regulatory approved
specifications of NLT 90% and NMT 107%. Additionally, the monograph has been edited to
be consistent with the current USP style.
(SM4: D. Vicchio.)
Correspondence Number—C97356

Comment deadline: May 31, 2011
Estradiol Vaginal Inserts
DEFINITION
Change to read:
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Estradiol Vaginal Inserts contain NLT 90.0% and NMT 110.0% of the labeled amount of estradiol
(C18 H24 O2 ).
Estradiol Vaginal Inserts contain NLT 90% and NMT 107% of the labeled amount of estradiol
(C18 H24 O2 ). 1S (USP35)

IDENTIFICATION
Change to read:
• A. Thin–Layer Chromatographic Identification Test 201
[NOTE—When a concentration range is given for a solution, the lower concentration is for
Inserts labeled to contain 0.01 mg of estradiol, and the high value is for Inserts labeled to
contain 0.025 mg of estradiol.]
(RB 1-Jul-2010)

Standard solution: 2.5 mg/mL of USP Estradiol RS in absolute alcohol
Sample solution:
Place a number of Inserts, equivalent to 0.38 or 0.95 mg of estradiol, into a vessel. Add 50 mL
of isopropyl alcohol, and allow to disintegrate by stirring overnight. Centrifuge the suspension.
Evaporate an aliquot of 40 mL of the supernatant to dryness, and dissolve the residue in 3 mL
of isopropyl alcohol. Evaporate to dryness, reconstitute with 300 µL of absolute alcohol to
obtain a solution containing 1.0 or 2.5 mg/mL of estradiol, and centrifuge. (RB 1-Jul-2010)
Adsorbent: Use a suitable, high-performance thin-layer chromatographic plate.
Application volume:
NLT 5 µL (equivalent to 10 µg of estradiol) (RB 1-Jul-2010)
Developing solvent system: Chloroform and acetone (9:1)
Analysis: Proceed as directed in the chapter, using the Developing solvent system described
above.
Develop the chromatogram over a path of a minimum of 8 cm, and allow the plate to air-dry.
(RB 1-Jul-2010)

Remove the plate, mark the solvent front, and allow solvent evaporation as described in the
chapter. Heat at 100 for about 15 min. Allow the plate to cool, and then immerse it in a
mixture of absolute alcohol and concentrated sulfuric acid (95:5). Remove it immediately, place
the plate on absorbing paper, and allow it to air-dry. Heat the plate at 100 until
the sulfuric acid has evaporated. (RB 1-Jul-2010)
Examine under UV light at = 365 nm.
Acceptance criteria: The principal spot obtained from the Sample solution has the same color
and RF value as that from the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
[NOTE—When a concentration range is given for a solution, the lower concentration is for
Inserts labeled to contain 0.01 mg of estradiol, and the high value is for Inserts labeled to
contain 0.025 mg of estradiol.]
(RB 1-Jul-2010)

Mobile phase: Acetonitrile and water (11:9)
Diluent: Absolute alcohol and water (1:1)
Estrone standard stock solution:
0.1 mg/mL (RB 1-Jul-2010)
of USP Estrone RS in absolute alcohol
Estradiol standard stock solution: 0.25 mg/mL of USP Estradiol RS in absolute alcohol
System suitability solution:
0.6 (RB 1-Jul-2010)
and 2.0 µg/mL of USP Estrone RS and USP Estradiol RS in Diluent from Estrone standard stock
solution and Estradiol standard stock solution, respectively
Standard solution:
1.0 or 2.5 µg/mL (RB 1-Jul-2010)
of USP Estradiol RS in Diluent from Estradiol standard stock solution
Sample solution:
1.0 or 2.5 µg/mL (RB 1-Jul-2010)
of estradiol prepared using 10 Inserts in Diluent. Stir the mixture overnight with a magnetic
stirrer, shake thoroughly, and centrifuge if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 4-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between estradiol and estrone
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of estradiol (C18 H24 O2 ) in the portion of Inserts taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of USP Estradiol RS in the Standard solution (mg/mL)
C=
U nominal concentration of estradiol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
90%–107% 1S (USP35)

PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Phosphate buffer pH 4.75 ± 0.05 (100 g of potassium
dihydrogen (RB 1-Jul-2010)
phosphate in 10 L of water, adjusted with 1 N sodium hydroxide to a pH of 4.75 ± 0.05);
500 mL
Apparatus 1: 40 rpm
Time: 3, 5, and 10 h
Mobile phase: Methanol, acetonitrile, and water (27.5:27.5:45)
Standard stock solution: 0.1 mg/mL of USP Estradiol RS in absolute alcohol
Standard solutions:
Quantitatively dilute with water the Standard stock solution to obtain solutions with final
concentrations equal to approximately 20%, 60%, and 160% of the expected
concentration of estradiol in the Medium for Inserts containing 0.025 mg, assuming
complete dissolution, and approximately 20%, 50%, 150%, and 400% of the expected
concentration of estradiol in the Medium for Inserts containing 0.01 mg of estradiol,
assuming complete dissolution. (RB 1-Jul-2010)
Sample solutions: Use the solution under test, unfiltered.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence
Excitation wavelength: 230 nm
Emission wavelength: 310 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1; or 4.6-mm × 7.5-cm;
5.0-µm (RB 1-Jul-2010)
packing L1
Flow rate: 1 mL/min
Injection size: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution

22
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Calculate the amount of estradiol (C18 H24 O2 ) dissolved:
Result = {An × Vn
+ (RB 1-Jul-2010)
[

(DV(n

1)

× A(n

1))]}/V

An

= percentage of estradiol, at the sample point n (e.g., A2 at the second sampling
point)
Vn = volume of Medium in the vessel before the sample is taken (mL)
DV(n– = volume of sample taken at the sampling point (n – 1)
1)

A(n–1)= amount of estradiol (uncorrected) at the sample point (n – 1)
V
= volume of the medium, 500 mL
Tolerances: See Table 1
Time
(h)

Table 1
Amount Dissolved
(%)
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3
5
10

25–50
40–80
NLT 80

The percentage of the labeled amount of estradiol dissolved at the specified times
conforms to Acceptance Table 2 in

711 .

IMPURITIES
Change to read:
• Organic Impurities
[NOTE—When a concentration range is given for a solution, the lower concentration is for
Inserts labeled to contain 0.01 mg of estradiol, and the high value is for Inserts labeled to
contain 0.025 mg of estradiol.]
(RB 1-Jul-2010)

Solution A: Acetonitrile
Solution B: Water
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
16
84
35
68
32
[NOTE—Before the next injection, run the system at the initial condition until equilibration is
achieved.]
System suitability solution: 100 µg/mL of USP Estradiol RS, 0.5 µg/mL of USP Estradiol
Related Compound B RS, and 0.5 µg/mL of USP Estradiol Related Compound C RS in absolute
alcohol
Sample solution:
Place a number of Inserts into a measured volume of absolute alcohol to obtain a solution
having an estradiol concentration of 2.4 or 6.0 µg/mL. Stir for a minimum of 16 h, shake
thoroughly, and centrifuge if necessary. (RB 1-Jul-2010)
Evaporate 10.0 mL of the supernatant to dryness. Dissolve the residue in 1.0 mL of water and
add 7.0 mL of a mixture of toluene and acetone (5:2), mix on a whirl mixer, allow to stand for
1 h, and evaporate 5 mL of the organic phase to dryness. The residue is reconstituted in 450
µL of absolute alcohol to obtain a solution containing
38 or 95 µg/mL (RB 1-Jul-2010)
of estradiol. Centrifuge, and use the supernatant as the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
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Injection size: 25 µL
System suitability
Sample: System suitability solution
[NOTE—The relative retention times for estradiol related compound B and estradiol are about
0.96 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between estradiol related compound B and estradiol
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the Inserts taken:
Result = (rU/rS) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of estradiol from the Sample solution
Acceptance criteria: See
Tables 3 and 4. (RB 1-Jul-2010)
Table 3.
For Inserts labeled to contain 0.025 mg of
estradiol (RB 1-Jul-2010)
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Estradiol related compound C
(6-ketoestradiol)a
0.71 (RB 1-Jul-2010)2.4
Estradiol related compound B
(6-dehydroestradiol)b
0.96
1.4
Estradiol
1.0
—
Any other individual impurity —
0.8
Total impurities
—
4.4 (RB 1-Jul-2010)
a 1,3,5(10)-Estratrien-3,17 -diol-6 one.
b 1,3,5(10),6-Estratetraen-3,17 -diol.
Table 4. For Inserts labeled to contain 0.01 mg of estradiol
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Estradiol related compound C
(6-ketoestradiol)a
0.71
1.5
Estradiol related compound B
(6-dehydroestradiol)b
0.96
1.3
Estradiol
1.0
—
Any other individual impurity —
1.3
Total impurities
—
4.0
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a 1,3,5(10)-Estratrien-3,17 -diol-6-one.
b 1,3,5(10),6-Estratetraen-3,17 -diol.
(RB 1-Jul-2010)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 100 cfu/g, and the total combined molds and
yeasts count does not exceed 10 cfu/g. Inserts meet the requirements of the tests for
absence of Pseudomonas aeruginosa, Staphylococcus aureus, and Candida albicans.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a tight container, and store at controlled room
temperature. Do not refrigerate.
• USP Reference Standards 11
USP Estradiol RS
USP Estradiol Related Compound B RS
6-Dehydro-estradiol.
USP Estradiol Related Compound C RS
1,3,5(10)-Estratrien-3,17 -diol-6 one.
C18 H22 O3
USP Estrone RS
BRIEFING
Eucalyptol, USP 34 page 2790. As part of USP monograph modernization efforts, it is proposed
to add an infrared Identification test to complement the wet chemical identification
procedure currently in the monograph. A new Reference Standard, USP Eucalyptol RS, has
also been introduced to allow for spectral comparison.
(SM2: C. Anthony.)
Correspondence Number—C70119

Comment deadline: May 31, 2011
Eucalyptol

C10 H18 O

154.25
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1,3,3-Trimethyl-2-oxabicyclo,[2.2.2]octane;
1,8-Epoxy-p-menthane
[470-82-6].
DEFINITION
Eucalyptol is obtained from oil of eucalyptus and from other sources. It contains NLT 98.0%
and NMT 100.0% of C10 H18 O.
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F

1S (USP35)

Change to read:
B. 1S (USP35)
Add 1 mL of phosphoric acid to 1 mL of Eucalyptol contained in a test tube maintained in an
ice bath. A solid white crystalline mass is formed, from which eucalyptol separates upon
addition of warm water.
ASSAY
• Procedure
System suitability solution: 0.2 mg/mL of limonene and 0.9 mg/mL of eucalyptol in
methanol
Sample solution: 0.9 mg/mL of Eucalyptol in methanol
Blank: Methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 60-m fused-silica capillary column coated with phase G16
Temperature
Injector port: 250
Detector: 250
Column: See Table 1.
Table 1
Initial
Temperature Final
Hold Time
Temperature
Ramp
Temperature
at Final
( )
( /min)
( )
Temperature
(min)
60
6
200
—
Split flow rate: 50 mL/min
Carrier gas: Helium
Column head pressure: 30 psi
Injection size: 1 µL
System suitability
Sample: System suitability solution
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Suitability requirements
Resolution: NLT 2.0 between limonene and eucalyptol
Column efficiency: NLT 150,000 theoretical plates, eucalyptol
Analysis
Samples: Sample solution and Blank
[NOTE—Identify any peaks from the Sample solution that correspond to those in the Blank
by their retention times.]
Calculate the percentage of eucalyptol (C10 H18 O) in the portion of Eucalyptol taken:
Result = (rU/rT) × 100
r=
U peak response of eucalyptol from the Sample solution
r=
T sum of all peak responses from the Sample solution, other than the responses
corresponding to those of the Blank
Acceptance criteria: 98.0%–100.0%
IMPURITIES
• Limit of Phenols
Analysis 1: Shake 5 mL with 5 mL of sodium hydroxide TS.
Acceptance criteria 1: The volume of Eucalyptol is not diminished.
Analysis 2: Shake 1 mL with 20 mL of water and allow the liquids to separate. To 10 mL of
the water layer add 1 drop of ferric chloride TS.
Acceptance criteria 2: The mixture develops no violet color.
SPECIFIC TESTS
• Specific Gravity

841 : 0.921–0.924

• Congealing Temperature

651 : NLT 0

• Optical Rotation, Angular Rotation 781A : 0.5 to +0.5
• Distilling Range, Method I 721 : 174 –177
• Refractive Index

831 : 1.455–1.460 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• USP Reference Standards
USP Eucalyptol RS

11

1S (USP35)

BRIEFING
Eugenol, USP 34 page 2791. As part of USP monograph modernization efforts, it is proposed to
add an Identification test for Infrared Absorption because there is currently no identification
procedure in the monograph. A new Reference Standard, USP Eugenol RS, has also been
introduced to allow for spectral comparison.
(SM2: C. Anthony.)
Correspondence Number—C70118
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Comment deadline: May 31, 2011
Eugenol

C10 H12 O2

164.20

Phenol, 2-methoxy-4-(2-propenyl)-;
4-Allyl-2-methoxyphenol
[97-53-0].
DEFINITION
Eugenol is obtained from clove oil and from other sources.
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F

1S (USP35)

IMPURITIES
• Heavy Metals, Method II 231 : NMT 40 ppm
• Hydrocarbons
Analysis: Dissolve 1 mL in 20 mL of 0.5 N sodium hydroxide in a 50-mL stoppered tube, add
18 mL of water, and mix.
Acceptance criteria: A clear mixture results immediately, but it may become turbid when
exposed to air.
• Limit of Phenol
Analysis: Shake 1 mL with 20 mL of water. Filter, and add 1 drop of ferric chloride TS to 5
mL of the clear filtrate.
Acceptance criteria: The mixture exhibits a transient grayish-green color but not a blue or
violet color.
SPECIFIC TESTS
• Specific Gravity

841 : 1.064–1.070

• Distilling Range, Method II 721 : NLT 95% distills from 250 –255
• Refractive Index 831 : 1.540–1.542 at 20
• Solubility in 70% Alcohol: One volume dissolves in 2 volumes of 70% alcohol.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Add the following:
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11

1S (USP35)

BRIEFING
Haloperidol Injection, USP 34 page 3028. As part of the USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Replace the spectrophotometric Assay procedure with a specific, stability-indicating
HPLC procedure. The liquid chromatographic procedure is based on analyses
performed with the Agilent Eclipse XDB-C18 brand of L1 column. The typical retention
time for haloperidol is about 6 min.
2.
Replace the spectrophotometric Identification test with an HPLC retention time
agreement of the major peaks from the Sample solution and the Standard solution in
the Assay.
3.
Add storage conditions to the Package and Storage section.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C92019

Comment deadline: May 31, 2011
Haloperidol Injection
DEFINITION
Haloperidol Injection is a sterile solution of Haloperidol in Water for Injection, prepared with the
aid of Lactic Acid. It contains NLT 90.0% and NMT 110.0% of the labeled amount of haloperidol
(C21 H23 ClFNO2 ). It may contain a suitable preservative.
IDENTIFICATION
Delete the following:
• The Sample solution, prepared as directed in the Assay for measurement of absorbance,
exhibits a maximum at 245 ± 2 nm. 1S (USP35)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)
ASSAY
Change to read:
• Procedure
Diluent: Hydrochloric acid in water (1:20)
Sample solution: Transfer a measured volume of Injection, equivalent to about 10 mg of
haloperidol, to a separator, and add 20 mL of Diluent. Extract the solution with four 25mL portions of ether, and wash the combined ether extracts with four 5-mL portions of
Diluent. Discard the ether, and add the acid washings to the aqueous phase. Filter the
aqueous phase through a pledget of cotton into a 50-mL volumetric flask, and add
Diluent to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and
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dilute with methanol to volume.
Standard solution: 20 µg/mL of USP Haloperidol RS in dilute hydrochloric acid (1 in 20)
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 245 nm
Blank: Diluent in methanol (1:10)
Analysis: Determine the absorbances of the Sample solution and the Standard solution at
the wavelength of maximum absorbance.
Calculate the percentage of Haloperidol (C21 H23 ClFNO2 ) in the portion of Injection taken:
Result = (AU /AS) × (CS/CU ) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (µg/mL)
C=
U nominal concentration of haloperidol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
Buffer solution: 6.8 g/L of monobasic potassium phosphate in water. Adjust with
phosphoric acid to a pH of 4.0.
Mobile phase: Methanol and Buffer solution (55:45)
Standard stock solution: 1 mg/mL of USP Haloperidol RS in methanol. Sonicate to aid in
dissolution.
Standard solution: 0.2 mg/mL of USP Haloperidol RS in Mobile phase from the Standard
stock solution
Sample solution: Nominally, 0.2 mg/mL of haloperidol in Mobile phase from a volume of
Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 247 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection size: 10 µL
Run time: 2.5 times the retention time of haloperidol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of haloperidol (C21 H23 ClFNO2 ) in the
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portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Haloperidol RS in the Standard solution (mg/mL)
C=
U nominal concentration of haloperidol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% 1S (USP35)

SPECIFIC TESTS
• Bacterial Endotoxins Test
haloperidol.
• pH

85 : It contains NMT 71.4 USP Endotoxin Units/mg of

791 : 3.0–3.8

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or in multiple-dose containers, preferably
of Type I glass, protected from light.
Store at controlled room temperature. 1S (USP35)
• USP Reference Standards
USP Endotoxin RS
USP Haloperidol RS

11

BRIEFING
Haloperidol Oral Solution, USP 34 page 3028. As part of the USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Replace the spectrophotometric Assay with a specific, stability-indicating HPLC
procedure. The liquid chromatographic procedure is based on analyses performed
with the Agilent Eclipse XDB-C18 brand of L1 column. The typical retention time for
the haloperidol is about 6 min.
2.
Replace the Ultraviolet Absorption test for Identification with an HPLC retention time
agreement of the major peaks from the Sample solution and the Standard solution in
the Assay.
3.
Add storage conditions to the Package and Storage section.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C92949

Comment deadline: May 31, 2011
Haloperidol Oral Solution
DEFINITION
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Haloperidol Oral Solution is a solution of Haloperidol in Water, prepared with the aid of Lactic
Acid. It contains NLT 90.0% and NMT 110.0% of the labeled amount of haloperidol
(C21 H23 ClFNO2 ).
IDENTIFICATION
Delete the following:
• Ultraviolet Absorption 197U : The Sample solution prepared for measurement of
absorbance in the Assay exhibits a maximum at 245 ± 2 nm. 1S (USP35)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)
ASSAY
Change to read:
• Procedure
Diluent: Hydrochloric acid in water (1:20)
Sample solution: Nominal concentration of 20 µg/mL of Haloperidol prepared as follows.
Transfer a volume of Oral Solution, equivalent to about 10 mg of haloperidol, to a
separator, and add 20 mL of Diluent. Extract the solution with four 20-mL portions of
ether, and wash the combined ether extracts with four 5-mL portions of Diluent. Discard
the ether, and add the acid washings to the aqueous phase. Filter the aqueous phase
through a pledget of cotton into a 50-mL volumetric flask, add Diluent to volume, and
mix. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, dilute with methanol
to volume, and mix.
Standard solution: 20 µg/mL of USP Haloperidol RS in Diluent
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV
Analytical wavelength: 245 nm
Cell: 1 cm
Blank: Diluent in methanol (1:10)
Analysis: Determine the absorbances of the Sample solution and the Standard solution at
the wavelength of maximum absorbance.
Calculate the percentage of Haloperidol (C21 H23 ClFNO2 ) in the Oral Solution taken:
Result = (AU /AS) × (CS/CU ) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Haloperidol RS in Standard solution (µg/mL)
CU= nominal concentration of haloperidol in Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
Buffer solution: 6.8 g/L of monobasic potassium phosphate in water. Adjust with
phosphoric acid to a pH of 4.0.
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Mobile phase: Methanol and Buffer solution (55:45)
Standard stock solution: 1 mg/mL of USP Haloperidol RS in methanol. Sonicate to aid in
dissolution.
Standard solution: 0.2 mg/mL of USP Haloperidol RS in Mobile phase from the Standard
stock solution
Sample solution: Nominally, 0.2 mg/mL of haloperidol in Mobile phase from a volume of
Haloperidol Oral Solution. Filter a portion to use in the analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 247 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection size: 10 µL
Run time: 2.5 times the retention time of haloperidol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of haloperidol (C21 H23 ClFNO2 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Haloperidol RS in the Standard solution (mg/mL)
C=
U nominal concentration of haloperidol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% 1S (USP35)

PERFORMANCE TESTS
• Deliverable Volume
unit containers

698 : Meets the requirements for oral solution packaged in multiple-

• Uniformity of Dosage Units
single-unit containers
SPECIFIC TESTS
• pH

791 : 2.75–3.75

ADDITIONAL REQUIREMENTS
Change to read:

905 : Meets the requirements for oral solution packaged in
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• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 1S (USP35)
• USP Reference Standards
USP Haloperidol RS

11
BRIEFING

Homosalate, USP 34 page 3049. On the basis of comments received, it is proposed to add the
split ratio in the Assay for clarification.
(SM3: F. Mao.)
Correspondence Number—C97370

Comment deadline: May 31, 2011
Homosalate

C16 H22 O3

262.35

Benzoic acid, 2-hydroxy, 3,3,5-trimethylcyclohexyl ester;
3,3,5-Trimethylcyclohexyl salicylate
[118-56-9].
DEFINITION
Homosalate contains NLT 90.0% and NMT 110% of C16 H22 O3 , calculated on the as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197F
ASSAY
Change to read:
• Procedure
Standard solution: 5.0 mg/mL of USP Homosalate RS in chloroform
Sample solution: 5.0 mg/mL of Homosalate in chloroform
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m column coated with a 1-µm film of G27
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Temperature
Injector: 270
Detector: 270
Column: See Table 1.
Table 1
Initial
Temperature
Temperature
Ramp
( )
( /min)
70
6
Carrier gas: Hydrogen
Flow rate: 6 mL/min
Injection size: 1 µL
Split ratio: 1:10 1S (USP35)

Final
Temperature
( )
220

Hold Time
at Final
Temperature
(min)
5

System suitability
Sample: Standard solution
[NOTE—The relative retention times for the cis-isomer and the trans-isomer are about
0.98 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.0 between the cis-isomer and the trans-isomer
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of homosalate (C16 H22 O3 ) in the portion of Homosalate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak responses for the cis- and trans-isomers from the Sample solution
rS= sum of the peak responses for the cis- and trans-isomers from the Standard solution
C=
S concentration of USP Homosalate RS in the Standard solution (mg/mL)
C=
U concentration of Homosalate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110% on the as-is basis
SPECIFIC TESTS
• Specific Gravity
• Refractive Index

841 : 1.049–1.053
831 : 1.516–1.519 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Homosalate RS

11
BRIEFING

Mirtazapine Orally Disintegrating Tablets, USP 34 page 3541. On the basis of comments
received, the following revisions are proposed:
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1.
In the Assay, revise the concentration of the Sample stock solution for the alternate
Sample solution preparation, so that the concentration of the Sample solution
prepared from this Sample stock solution is consistent with that of the Standard
solution.
2.
A new monograph proposal for this drug product which appeared in PF 33(6) [Nov.–Dec.
2007], page 1189, required a run time of 140 min for the Related compounds test.
Comments received indicated that the method was not selective enough and that it
was too long. Therefore, the proposal was made official without the Related
compounds test. It is now proposed to include a more selective method for Organic
Impurities which will require a run time of only 22 min. The proposed method can also
separate and quantify all the specified impurities listed in PF 33(6) in addition to
other impurities. The liquid chromatographic procedure is based on validated methods
of analyses performed with a Phenomenex Luna, C18 brand of L1 column. The typical
retention time for the mirtazapine peak is about 15.5 min.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C63259

Comment deadline: May 31, 2011
Mirtazapine Orally Disintegrating Tablets
DEFINITION
Mirtazapine Orally Disintegrating Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of mirtazapine (C17 H19 N3 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Standard solution: Dissolve 30 mg of USP Mirtazapine RS in a separatory funnel containing
30 mL of water, and add 30 mL of n-hexane. Shake vigorously for 5 min. Allow the solution
to separate into two layers. Filter the n-hexane layer through glass wool, and evaporate
to dryness.
Sample solution: Transfer a quantity of finely powdered Tablets, equivalent to 30 mg of
mirtazapine, to a separatory funnel. Add 30 mL of water and 30 mL of n-hexane. Shake
vigorously for 5 min. Allow the solution to separate into two layers. Filter the n-hexane
layer through glass wool, and evaporate to dryness.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: Acetonitrile and water (50:50)
Diluted phosphoric acid: Water and phosphoric acid (1000:3)
Buffer: Dissolve 1 g of monobasic potassium phosphate and 1.7 g of pentanesulfonic acid
sodium salt in 1 L of water. Adjust with Diluted phosphoric acid to a pH of 4.7 ± 0.1, and
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filter.
Mobile phase: Acetonitrile and Buffer (25:75)
Standard stock solution: 0.3 mg/mL of USP Mirtazapine RS in Diluent
Standard solution: 0.036 mg/mL of USP Mirtazapine RS in Mobile phase from the Standard
stock solution
Sample stock solution: 0.3 mg/mL of mirtazapine in Diluent (from NLT 20 Tablets, finely
powdered). Sonicate for 15 min with occasional swirling, and shake for 30 min. [Note
—Alternatively, dissolve 10 Tablets in a volume of a mixture of acetonitrile and water
(90:10) to obtain a 1.5
0.3 1S (USP35)
mg/mL solution of mirtazapine. Shake or stir until the mixture is free from lumps. ]
Sample solution: Nominally, 0.036 mg/mL of mirtazapine in Mobile phase obtained as
follows: transfer 40 mL of the Sample stock solution into a centrifuge tube, and centrifuge
at 3000 rpm for 10 min. Transfer 6.0 mL of the supernatant into a 50-mL volumetric flask,
and dilute with Mobile phase to volume. Pass the portion through a polypropylene
membrane filter of 0.45-µm pore size. Discard at least the first 5 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mirtazapine (C17 H19 N3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mirtazapine RS (mg/mL)
C=
U nominal concentration of mirtazapine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701 : NMT 60 s
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
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Apparatus 2: 50 rpm
Time: 15 min
Sample solution: Sample per Dissolution 711 . Pass through a filter of 0.45-µm pore
size, and discard the first 5 mL of the filtrate.
Standard solution: 33 µg/mL of USP Mirtazapine RS in Medium
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 316 nm
Blank: Medium
Cell: 0.5 cm
Analysis: Determine the percentage of mirtazapine (C17 H19 N3 ) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
V= volume, 900 mL
L= label claim of mirtazapine (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of mirtazapine (C17 H19 N3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Solution A: Dissolve 7.2 g of tetramethylammonium hydroxide pentahydrate in 4 L of water.
Add 1 mL of triethylamine. Adjust with phosphoric acid to a pH of 7.4.
Solution B: Acetonitrile, methanol, and tetrahydrofuran (170:145:85)
Diluent: Acetonitrile and water (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
61
39
6.0
61
39
10.0
46
54
18.4
46
54
18.5
61
39
22.0
61
39
System suitability solution: 0.3 mg/mL of USP Mirtazapine RS in Diluent
Standard solution: 0.015 mg/mL each of USP Mirtazapine RS, USP Mirtazapine Related
Compound A RS, USP Mirtazapine Related Compound B RS, USP Mirtazapine Related
Compound C RS, and USP Mirtazapine Related Compound D RS in Diluent
Sample solution: Nominally, 1.5 mg/mL of mirtazapine in Diluent from NLT 5 Tablets
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, System suitability solution
Relative standard deviation: NMT 2.0%, System suitability solution
Resolution: NLT 4.0 between the mirtazapine and mirtazapine related compound D
peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual specified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual specified impurity from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
C=
S concentration of each individual impurity in the Standard solution (mg/mL)
C=
U nominal concentration of mirtazapine in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of mirtazapine from the Standard solution
C=
S concentration of mirtazapine in the Standard solution (mg/mL)
C=
U nominal concentration of mirtazapine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. [Note—Disregard any peak less than 0.05%. ]
Table 2

Name
Mirtazapine related compound B
Mirtazapine related compound C
Mirtazapine related compound A
Mirtazapine
Mirtazapine related compound D

Relative
Retention
Time
0.23
0.51
0.62
1.0
1.3

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
—
0.5
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Any individual unspecified degradation product
Total impurities

—
—

0.5
3.0

1S (USP35)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature. Protect from light and
moisture.
Change to read:
• USP Reference Standards
USP Mirtazapine RS

11

USP Mirtazapine Related Compound A RS
1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine.
C16 H17 N3
251.33
USP Mirtazapine Related Compound B RS
1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido[2,3-c][2]benzazepine 2-oxide
monohydrate.
C17 H19 N3 O ·H2 O
299.36
USP Mirtazapine Related Compound C RS
2-Methyl-3,4,10,14b-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-1(2H)one.
C17 H17 N3 O
279.34
USP Mirtazapine Related Compound D RS
2-Methyl-1,2,3,4-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-10(14bH)one.
C17 H17 N3 O
279.34 1S (USP35)
BRIEFING
Montelukast Sodium, page 121 of PF 36(1) [Jan.–Feb. 2010]. On the basis of comments
received, it is proposed to make the following revisions:
1.
The acceptance criteria in the Definition are now calculated on the anhydrous and
solvent-free basis, which is consistent with the calculation on anhydrous basis as
defined in the Ph. Eur. General monograph titled “Substances for Pharmaceutical
Use”, under Tests.
2.
A description of the ignition procedure is added to Identification test B.
3.
In the test for Organic Impurities, the quantitation of impurities is now performed by an
area normalization procedure. To strengthen the system suitability requirements, a
Sensitivity solution and a signal-to-noise requirement are added. The limits for the
cis-isomer and methylketone impurity are widened from NMT 0.10% to NMT 0.15%. In
addition, the chemical names for impurities are revised, to be aligned with IUPAC
rules.
4.
To address issues with sensitivity and specificity of the previously proposed method, a
new Enantiomeric purity procedure, based on a validated method of analysis, is
introduced. The liquid chromatographic procedure in the test for Enantiomeric Purity
is based on analyses performed with the Chiral AGP brand of L41 column. The typical
retention time for the R-enantiomer peak is about 25 min.
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5.
In the test for Water Determination, the limit is widened from NMT 1.0% to NMT 4.0%.
6.
Minor changes are also made in the gradient description in Table 1 in the Assay and in
the test for Heavy Metals.
Montelukast Sodium is part of a USP/Ph. Eur. pilot project for prospective harmonization of
monographs for drug substances. The draft monograph has been jointly prepared by the U.S.
and European pharmacopeias and has been previously presented for public comment in the
Forums of the two pharmacopeias. The revisions outlined above are consistent with the
changes to be implemented in the Ph. Eur. version of the monograph.
(SM4: M. Waddell.)
Correspondence Number—C97403

Comment deadline: May 31, 2011
Add the following:
Montelukast Sodium

C35 H35 ClNNaO3 S

608.17

Cyclopropaneacetic acid, 1-[[[1-[3-[2-(7-chloro-2-quinolinyl)ethenyl]phenyl]-3-[2-(1-hydroxy1-methylethyl)phenyl]propyl]thio]methyl]-, sodium salt, [R-,(E)]-;
Sodium 1-[[[(R)-m-[(E)-2-(7-chloro-2-quinolyl)vinyl]- -[o-(1-hydroxy-1methylethyl)phenethyl]benzyl]thio]-methyl]cyclopropaneacetate
[151767-02-1].
C35 H36 ClNO3 S
586.18
Montelukast

[158966-92-8].

DEFINITION
Montelukast Sodium contains NLT 98.0% and NMT 102.0% of C35 H35 ClNNaO3 S, calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197
[NOTE—Methods described under Infrared Absorption
used.]

197K ,

197M , or

197A

may be

• B. Identification Tests—General, Sodium 191
Sample: 100 mg
Analysis: Ignite the Sample . Dissolve the residue in a crucible until an almost white
residue is obtained. Take up the residue in 2 mL of water, and filter.
Acceptance criteria: The filtrate meets the requirements of the pyroantimonate
precipitate test.
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• C. Meets the requirements of the test for Enantiomeric Purity.
ASSAY
[NOTE—Avoid exposure of the samples to moisture and light. Use low-actinic glassware.]
• Procedure
Solution A: Add 1.5 mL of trifluoroacetic acid to 1 L of water.
Solution B: Add 1.5 mL of trifluoroacetic acid to 1 L of acetonitrile.
Mobile phase: See Table 1. Return to original conditions and re-equilibrate the column.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
60
40
3.0
60
40
16.0
49
51
16.1
60
40
21.0
60
40
Diluent: Methanol and water (9:1)
Standard solution: 0.13 mg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
Sample solution: 0.1 mg/mL of Montelukast Sodium in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 238 nm
Column: 4.6-mm × 5-cm; 1.8-µm packing L11
Column temperature: 30
Flow rate: 1.2 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of montelukast sodium (C35 H35 ClNNaO3 S) in the portion of
Montelukast Sodium taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast sodium, 608.17
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
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IMPURITIES
• Heavy Metals
Diluent: Acetone and water (4:1)
Sample solution: Dissolve 0.50 g of Montelukast Sodium in 20 mL of Diluent.
Reference solution: Dilute 0.5 mL of the Standard Lead Solution, prepared as directed
under Heavy Metals 231 , with Diluent to 20 mL.
Blank solution: 20 mL of the Diluent
Analysis: To each solution, add 2 mL of pH 3.5 Acetate Buffer, prepared as directed under
Heavy Metals 231 . Mix, and to each solution add 1.2 mL of thioacetamide–glycerin
base TS.Mix, and add to 1.2 mL of thioacetamide–glycerin base TS. Mix immediately, and
allow to stand for 2 min. Pass the solutions through a membrane filter of 0.45-µm pore
size. Compare the spots on the filters obtained from the different solutions: the brownishblack color of the spot resulting from the Sample solution is not more intense than that of
the spot resulting from the Reference solution. The test is invalid if the Reference solution
does not show a brownish-black color compared to the Blank solution.
Acceptance criteria: NMT 10 ppm
• Organic Impurities
[NOTE—Avoid exposure of the samples to moisture and light. Use low-actinic glassware.]
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
Impurity solution: 1 mg/mL of USP Montelukast for Peak Identification RS in Diluent
System suitability solution: Transfer 1 mL of the Impurity solution to a clearcolorless
glass vial, and expose to ambient light for approximately 20 min to generate the cis-isomer
of montelukast.
Sample solution: 1 mg/mL of Montelukast Sodium in Diluent
Diluted sample solution: 1 µg/mL of Montelukast Sodium in Diluent, from the Sample
solution
Sensitivity solution: 0.5 µg/mL of Montelukast Sodium in Diluent from the Sample solution
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 2.5 between the cis-isomer and montelukast; NLT 1.5 between
montelukast and the methylketone impurity, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution and Diluted sample solution
Calculate the percentage of each impurity in the portion of Montelukast Sodium taken:
Result = (rU /rS) × (CS/CU ) × 100
Result = (rU/rT) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response for montelukast from the Diluted sample solution
CS= concentration of the Diluted sample solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
r=
U peak response of each impurity from the Sample solution
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r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2.
Reporting level for impurities: 0.05%

Name

Table 2
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Sulfoxide impuritya
0.4
0.2
b
Cis-isomer
0.8
0.10 0.15
Michael Adducts 1c and 2d
0.9
0.15*
Montelukast
1.0
—
e
Methylketone impurity
1.2
0.10 0.15
f
Methylstyrene impurity
1.9
0.3
Any other individual impurity
—
0.10
Total impurities
—
0.6
* These two impurities are not resolved by the method and need to be integrated
together to determine conformance.
a [1-[[[1-[3-[(E)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(2-hydroxypropan-2yl)phenyl]propyl]sulfinyl]methyl]cyclopropyl]acetic acid. [1-[[(RS)[1-[3-[(E)-2-(7Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfinyl]methyl]cyclopropyl]acetic acid.
b [1-[[[(1S)-1-[3-[(Z)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(2-hydroxypropan2-yl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid. [1-[[[(1R)-1-[3-[(Z)-2-(7Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
c 1-[[[(1R)-2-[3-[(1R)-1-[[[1-(carboxymethyl)cyclopropyl]methyl]sulfanyl]-3-[2-(2hydroxypropan-2-yl)phenyl]propyl]phenyl]-1-(7-chloroquinolin-2yl)ethyl]sulfanyl]methyl]cyclopropanecarboxylic acid. 1-[[[(1R)-1-[3-[(1R)-1-[[[1(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7-chloroquinolin-2-yl)ethyl]phenyl]-3[2-(1-hydroxy-1-methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
d 1-[[[(1S)-2-[3-[(1R)-1-[[[1-(carboxymethyl)cyclopropyl]methyl]sulfanyl]-3-[2-(2hydroxypropan-2-yl)phenyl]propyl]phenyl]-1-(7-chloroquinolin-2yl)ethyl]sulfanyl]methyl]cyclopropanecarboxylic acid. 1-[[[(1R)-1-[3-[(1S)-1-[[[1(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7-chloroquinolin-2-yl)ethyl]phenyl]-3[2-(1-hydroxy-1-methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
e [1-[[[(1R)-3-(2-Acetylphenyl)-1-[3-[(E)-2-(7-chloroquinolin-2yl)ethenyl]phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
f [1-[[[(1R)-1-[3-[(E)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(prop-1-en-2yl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid. [1-[[[(1R)-1-[3-[(E)-2-(7Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1methylethenyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
• Enantiomeric Purity: [Note—Avoid exposure of the samples to light. Use low-actinic
glassware. ]
Solution A: Add 0.6 mL of glacial acetic acid to 1 L of water. Adjust with ammonium
hydroxide to a pH of 5.0.
Mobile phase: Acetonitrile and Solution A (7:18)
System suitability solution: 0.1 mg/mL of USP Montelukast Racemate RS in methanol
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Sample solution: 0.7 mg/mL of Montelukast Sodium in methanol
Sensitivity solution: 0.7 µg/mL of Montelukast Sodium in methanol, prepared from the
Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence, excitation wavelength at 305 nm, emission wavelength at 370
nm
Column: 4.0-mm × 15-cm; 5-µm packing L41
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 5 µL
Run time: 2.5 times the retention time of montelukast
System suitability
Sample: System suitability solution and Sensitivity solution
[NOTE—Relative retention times are 1.0 for montelukast which is the R- enantiomer, and 0.7
for the S- enantiomer.]
Suitability requirements
Resolution: NLT 2.5 between the S-enantiomer and montelukast, System suitability
solution
Tailing factor: NMT 3.0 for the S-enantiomer and montelukast peaks, System suitability
solution
Signal-to-noise ratio: NLT 6 for the montelukast peak, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of S-enantiomer in the portion of Montelukast Sodium taken:
Result = (rU /rT ) × 100
r=
U peak response of the S-enantiomer from the Sample solution
rT= sum of the peak responses of the S-enantiomer and montelukast from the Sample
solution
Acceptance criteria: NMT 0.2% of the S-enantiomer
• Enantiomeric Purity
[NOTE—Avoid exposure of the samples to light. Use low-actinic glassware.]
Solution A: 2.3 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH
of 5.7.
Solution B: Methanol and acetonitrile (60:40)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
30
60
40
35
60
40
Diluent: Acetonitrile and water (1:1)
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System suitability solution: 0.1 mg/mL of USP Montelukast Racemate RS in Diluent
Sample solution: 1 mg/mL of Montelukast Sodium in Diluent
Sensitivity solution: 1 µg/mL of Montelukast Sodium in Diluent from the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 15-cm; 5-µm packing L41
Column temperature: 30
Flow rate: 0.9 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Sensitivity solution
[NOTE—The relative retention times are 1.0 for montelukast, which is the R-enantiomer,
and 0.7 for the S-enantiomer.]
Suitability requirements
Resolution: NLT 2.9 between the S-enantiomer and montelukast, System suitability
solution
Signal-to-noise ratio: NLT 10 for the montelukast peak, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of S-enantiomer in the portion of Montelukast Sodium taken:
Result = (rU/rT) × 100
r=
U peak response of the S-enantiomer from the Sample solution
r=
T sum of the peak responses of the S-enantiomer and montelukast from the Sample
solution
Acceptance criteria: NMT 0.2% of the S-enantiomer
SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 1.0%NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at room
temperature.
• USP Reference Standards 11
USP Montelukast Sodium RS
USP Montelukast Dicyclohexylamine RS
C35 H36 ClNO3 S·C12 H23 N
767.50
USP Montelukast Racemate RS
USP Montelukast for Peak Identification RS (montelukast containing sulfoxide impurity,
michael adducts 1 and 2, methylketone impurity, and methylstyrene impurity)
1S (USP35)

BRIEFING
Piperacillin and Tazobactam for Injection, USP 34 page 3939. The following revisions are
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proposed:
1.
The Assay is replaced with a procedure that is more appropriate for the public standard
because it uses reagents that are commonly available. The Assay was validated
using a Prontosil C18 brand of L1 column. The typical retention times for tazobactam
and piperacillin are 3.5 and 9.5 min, respectively.
2.
It is proposed to use the flexible monograph approach to indicate that manufacturers
may perform either Organic Impurities, Procedure 1 or Procedure 2, based on
labeling instructions and the impurity profile. Organic Impurities, Procedure 2 was
validated using a YMC Pack ODS-A brand of L1 column. The typical retention times
for tazobactam and piperacillin are 7.5 and 31 min, respectively.
3.
A Labeling statement is added to support this revision.
4.
The USP Reference Standards section is revised to include the chemical information for
the related substance reference materials and to include additional reference
materials that are required for Organic impurities, Procedure 2.
(SM1: A. Wise.)
Correspondence Number—C68908

Comment deadline: May 31, 2011
Piperacillin and Tazobactam for Injection
DEFINITION
Piperacillin and Tazobactam for Injection contains amounts of Piperacillin Sodium and
Tazobactam Sodium equivalent to NLT 90.0% and NMT 110.0% of the labeled amounts of
piperacillin (C23 H27 N5 O7 S) and tazobactam (C10 H12 N4 O5 S), the labeled amounts representing
proportions of piperacillin to tazobactam of 8:1. It may contain small amounts of a suitable
buffer and stabilizer.
IDENTIFICATION
A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
[NOTE—Refrigerate the Standard solution and the Sample solution immediately after preparation
and during analysis, using a refrigerated autosampler set at 5 ± 3 . The solutions should be
analyzed within 24 h of preparation.]
Solution A: Phosphoric acid and water (1:4)
Buffer: Dilute the contents of one vial of tetrabutylammonium hydrogen sulfate ion pairing
reagent with water to 1 L.
Mobile phase: Acetonitrile and Buffer (25:75), adjusted with Solution A to a pH of 3.8
Diluent: Acetonitrile and water (25:75)
Standard stock solution 1: 0.06 mg/mL of USP Tazobactam Related Compound A RS in
Diluent
Standard stock solution 2: 0.5 mg/mL of USP Tazobactam RS in Diluent
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Standard stock solution 3: 1.0 mg/mL of USP Piperacillin RS in acetonitrile and Diluent
(1:24).
Dissolve first in acetonitrile, using about 4% of the final volume, and dilute with Diluent to
volume.
System suitability solution: 0.006 mg/mL of tazobactam related compound A from
Standard stock solution 1 and 0.025 mg/mL of tazobactam from Standard stock solution
2 in Diluent
Standard solution: 0.025 mg/mL of tazobactam from Standard stock solution 2 and 0.2
mg/mL of piperacillin from Standard stock solution 3 in Mobile phase
Sample solution: Equivalent to 0.025 mg/mL of tazobactam and 0.2 mg/mL of piperacillin
from Piperacillin and Tazobactam for Injection in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3-µm packing L11
Autosampler temperature: 5 ± 3
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3 between tazobactam related compound A and tazobactam, System
suitability solution
Tailing factor: NMT 1.8 for tazobactam and piperacillin, Standard solution
Relative standard deviation: NMT 2% for tazobactam and piperacillin, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the labeled amounts of piperacillin (C23 H27 N5 O7 S) and
tazobactam (C10 H12 N4 O5 S) in the portion of Piperacillin and Tazobactam for Injection
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of piperacillin or tazobactam from the Sample solution
rS= peak response of piperacillin or tazobactam from the Standard solution
C=
S concentration of USP Piperacillin RS or USP Tazobactam RS in the Standard solution
(mg/mL)
C=
U nominal concentration of piperacillin or tazobactam in the Sample solution (mg/mL)
P= potency of piperacillin or tazobactam in USP Piperacillin RS or USP Tazobactam RS,
respectively (mg/mg)
Acceptance criteria: 90.0%–110.0%
Buffer: 27.6 g/L of monobasic sodium phosphate
Solution A: 80 mL of 40% aqueous tetrabutylammonium hydroxide diluted with water to
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100 mL.
Mobile phase: Methanol, water, Buffer and Solution A (510:432:50:8). Adjust with
phosphoric acid to a pH of 5.5.
Standard solution: 0.1 mg/mL of USP Tazobactam RS and 1 mg/mL of USP Piperacillin
RS in Mobile phase. Refrigerate the Standard solution immediately after preparation and
during analysis, using a refrigerated autosampler set at 5 ± 3 . Analyze within 24 h of
preparation.
Sample solution: Equivalent to 0.125 mg/mL of tazobactam and 1 mg/mL of piperacillin
from Piperacillin and Tazobactam for Injection in Mobile phase. Refrigerate the Sample
solution immediately after preparation and during analysis, using a refrigerated
autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
Autosampler temperature: 5 ± 3
System suitability
[NOTE—The relative retention times for tazobactam and piperacillin are 0.36 and 1.0,
respectively.]
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for tazobactam and piperacillin
Relative standard deviation: NMT 2.0% for tazobactam and piperacillin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of piperacillin (C23 H27 N5 O7 S) and
tazobactam (C10 H12 N4 O5 S) in the portion of Piperacillin and Tazobactam for Injection
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of piperacillin or tazobactam from the Sample solution
rS= peak response of piperacillin or tazobactam from the Standard solution
C=
S concentration of USP Piperacillin RS or USP Tazobactam RS in the Standard solution
(mg/mL)
C=
U nominal concentration of piperacillin or tazobactam in the Sample solution (mg/mL)
P= potency of piperacillin or tazobactam in USP Piperacillin RS or USP Tazobactam RS,
respectively (mg/mg)
Acceptance criteria: 90.0%–110.0% 1S (USP35)

PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements
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IMPURITIES
Change to read:
• Organic Impurities,
Procedure 1: 1S (USP35)
[NOTE—Refrigerate the Standard solution and the Sample solution immediately after preparation
and during analysis, using a refrigerated autosampler set at 5 ± 3 . The solutions should be
analyzed within 24 h of preparation.]
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
[Note—Organic Impurities, Procedure 2 is recommended when the impurity profile includes
piperacillin dimer ethyl ester, piperacillin dimer thiazolamide derivative, and piperacillin
penicillamide. ]
Buffer: Dilute the contents of 1 vial of tetrabutylammonium hydrogen sulfate ion pairing
reagent with water to 1 L.
Solution A: Phosphoric acid and water (1:4)
Mobile phase: Acetonitrile and Buffer (25:75). Adjust with Solution A to a pH of 3.8.
Diluent: Acetonitrile and water (25:75)
Standard stock solution 1: 0.06 mg/mL of USP Tazobactam Related Compound A RS in
Diluent
Standard stock solution 2: 0.5 mg/mL of USP Tazobactam RS in Diluent
Standard stock solution 3: 1.0 mg/mL of USP Piperacillin RS in acetonitrile and Diluent
(1:24). Dissolve first in acetonitrile, using about 4% of the final volume, and dilute with
Diluent to volume.
System suitability solution: 0.006 mg/mL of tazobactam related compound A from
Standard stock solution 1 and 0.025 mg/mL of tazobactam from Standard stock solution
2 in Diluent
Standard solution: 0.025 mg/mL of tazobactam from Standard stock solution 2 and 0.2
mg/mL of piperacillin from Standard stock solution 3 in Mobile phase. Refrigerate the
solution immediately after preparation and during analysis, using a refrigerated
autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
Sample solution: Equivalent to 0.025 mg/mL of tazobactam and 0.2 mg/mL of piperacillin
from Piperacillin and Tazobactam for Injection in Mobile phase. Refrigerate the solution
immediately after preparation and during analysis, using a refrigerated autosampler set at
5 ± 3 . Analyze within 24 h of preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3-µm packing L11
Flow rate: 1 mL/min
Injection size: 20 µL
Autosampler temperature: 5 ± 3
System suitability
Samples: System suitability solution and Standard solution
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Suitability requirements
Resolution: NLT 3 between tazobactam related compound A and tazobactam, System
suitability solution
Tailing factor: NMT 1.8 for tazobactam and piperacillin, Standard solution
Relative standard deviation: NMT 2% for tazobactam and piperacillin, Standard
solution
1S (USP35)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Piperacillin and Tazobactam for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × (100/F)
rU= peak response of each impurity from the Sample solution
rS= peak response of piperacillin from the Standard solution
C=
S concentration of USP Piperacillin RS in the Standard solution (mg/mL)
C=
U concentration of Piperacillin and Tazobactam for Injection in the Sample solution (mg)
P= potency of USP Piperacillin RS (mg/mg)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1

Name
Tazobactam related compound Ab
Tazobactam
Piperacillin impurity 4c
Piperacillin impurity 1d,e
(piperacillin penilloic analog) 1S (USP35)
Piperacillin related compound Ae,f
(piperacillin open ring) 1S (USP35)
Piperacillin related compound Cg
(N-acetyl piperacillin open ring) 1S (USP35)
Piperacillin impurity 5c
Piperacillin impurity 6c
Piperacillin
Any individual unspecified impurity
Total impuritiesh

Relative
Retention
Time

Relative
Response
Factora

Acceptance
Criteria,
NMT (%)a

0.12
0.25
0.31

0.75
—
1.0

1.0
—
1.0

0.36

1.0

1.0

0.51

0.56

5.0

0.55
0.62
0.67
1.0
—
—

1.0
1.0
1.0
—
1.0
—

1.0
1.0
1.0
—
1.0
5.0
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a
b
c
d

Calculated relative to the peak area of piperacillin.
(2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
Specified unidentified impurities.
(4S)-2-{[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}5,5-dimethylthiazolidine-4-carboxylic acid.
e This compound has two epimers that usually co-elute but that may be separated as a
result of minor changes in the chromatographic conditions.
f (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
g (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
h Total impurities does not include piperacillin related compound A.
Add the following:
• Organic Impurities, Procedure 2:
[NOTE—Organic Impurities, Procedure 2 is recommended when the impurity profile includes
piperacillin dimer ethyl ester, piperacillin dimer thiazolamide derivative, and piperacillin
penicillamide.]
Buffer: 3.12 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH of
3.5.
Solution A: Methanol
Mobile phase: See Table 2.
Table 2
Time
Buffer Solution A
(min)
(%)
(%)
0
90
10
5
85
15
10
65
35
35
55
45
60
35
65
65
90
10
75
90
10
System suitability solution 1: 0.01 mg/mL of USP Amoxicillin Related Compound A RS and
0.006 mg/mL USP Tazobactam Related Compound A RS in Buffer. Refrigerate System
suitability solution 1 immediately after preparation and during analysis, using a refrigerated
autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
System suitability solution 2: 0.2 mg/mL each of USP Piperacillin RS and USP Tazobactam
RS in a mixture of methanol and Buffer (30:70). Prepare the solution by dissolving the
compounds in methanol and diluting with Buffer to volume. Refrigerate System suitability
solution 2 immediately after preparation and during analysis, using a refrigerated
autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
Sample solution: Equivalent to 2 mg/mL of piperacillin and 0.25 mg/mL of tazobactam from
Piperacillin and Tazobactam for Injection in Buffer. Refrigerate the Sample solution
immediately after preparation and during analysis, using a refrigerated autosampler set at
5 ± 3 . Analyze within 24 h of preparation.
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Chromatographic system:
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 20 µL
Autosampler temperature: 5 ± 3
System suitability
Samples: System suitability solution 1 and System suitability solution 2
Suitability requirements
Resolution: NLT 1.5 between tazobactam related compound A and amoxicillin related
compound A, System suitability solution 1
Tailing factor: NMT 2.0 for the piperacillin and tazobactam peaks, System suitability
solution 2
Relative standard deviation: NMT 10.0 % for the piperacillin and tazobactam peaks,
System suitability solution 2
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Piperacillin and Tazobactam for
Injection taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all peaks from the Sample solution
Acceptance criteria: See Table 3.
Table 3

Name
Tazobactam related compound Aa
Amoxicillin related compound A (6-aminopenicillanic acid)b
Piperacillin related compound Bc
Tazobactam
Formyl penicillamined
Ampicillin
Piperazinedionecarbonyl d-phenylglycinee
Piperacillin related compound C (N-acetyl piperacillin open
ring)f
Piperacillin open ring 2-epimerg
Piperacillin related compound A (piperacillin open ring)h
S-Piperacillini

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.11
0.13
0.17
0.25
0.34
0.45
0.53

0.3
0.2
0.8
—
0.2
0.2
0.2

0.64
0.74
0.78
0.81

0.5
0.15
1.5
0.3
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Piperacillin impurity 1 (piperacillin penilloic analog)j
Piperacillin
Piperacillin methyl esterk
Piperacillin dimer ethyl esterl
Piperacillin dimer thiazolamide derivativem
Piperacillin penicillamiden
Piperacillin dimer open ringo
Piperacillin related compound D (piperacillin amide dimer)p
Any individual unspecified impurity
Total impurities
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0.91
1.0
1.2
1.3
1.5
1.6
1.7
1.9
—
—

0.5
—
0.8
0.2
0.2
0.3
0.4
0.3
0.1
4.0
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a (2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
b (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
c 1-Ethylpiperazine-2,3-dione.
d 2-Formamido-3-mercapto-3-methylbutanoic acid.
e (R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetic acid.
f (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
g (2S,4S)-2-{(1R)-Carboxy[(2R)-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
h (2R,4S)-2-{(1R)-Carboxy[(2R)-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
i (2S,5R,6R)-6-[(S)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
j (4S)-2-{[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}5,5-dimethylthiazolidine-4-carboxylic acid.
k (2S,5R,6R)-Methyl 6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate.
l (2S,5R,6R)-Ethyl 6-{(R)-2-[(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxamido]-2-phenylacetamido}-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylate.
m (2R,4S)-2-{(R)-Carboxy[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-3-[(2R,4S)-2-{(R)-carboxy[(R)-2-(4-ethyl-2,3dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4carbonyl]-5,5-dimethylthiazolidine-4-carboxylic acid.
n (2S,5R,6R)-6-{(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
o (2R,4S)-2-{(R)-Carboxy[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-3-{(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carbonyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
p (2S,5R,6R)-6-((R)-2-{(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxamido}-2-phenylacetamido)-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

1S (USP35)

SPECIFIC TESTS
• Bacterial Endotoxins Test 85 : It contains NMT 0.08 USP Endotoxin Unit in a portion
equivalent to 1 mg of a mixture of piperacillin and tazobactam (0.89 and 0.11 mg,
respectively).
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• Sterility Tests
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71 : Meets the requirements

• Particulate Matter in Injections
• pH

788 : Meets the requirements

791 : 5.0–7.0, in a solution containing the equivalent of 40 mg/mL of piperacillin

• Water Determination, Method I 921 : NMT 2.5%
• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Containers for Sterile Solids under
Injections

1 , Packaging. Store at controlled room temperature.

Change to read:
• Labeling: Label it to indicate its sodium content.
If a test for Organic Impurities other than Procedure 1 is used, then the labeling states with
which Organic Impurities test the article complies. 1S (USP35)
Change to read:
• USP Reference Standards
USP Endotoxin RS

11

USP Amoxicillin Related Compound A RS
(2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
C8 H12 N2 O3 S
216.26 1S (USP35)
USP Piperacillin RS
USP Tazobactam RS
USP Tazobactam Related Compound A RS
(2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
C7 H12 N4 O4 S
248.26
BRIEFING
Triazolam, USP 34 page 4502. In an effort to modernize this monograph, the following revisions
are proposed:
1.
Identification test B for ultraviolet absorption is replaced by a retention time agreement
of major peaks in the Assay.
2.
The existing normal phase HPLC Assay that uses chloroform is replaced with a stabilityindicating reversed phase HPLC Assay. This is consistent with the inititative to
eliminate the use of chlorinated solvents in USP monographs wherever possible.
3.
The current packed column GC procedure for Organic Impurites is replaced with a
reversed phase HPLC procedure based on the proposed stability-indicating Assay
procedure.
4.
It is proposed to add a storage condition in the Packaging and Storage statement.
5.
The proposed revision of the Assay and Organic Impurities procedures will require the
use of USP Alprazolam Related Compound A RS.
Both the Assay and Organic Impurities procedures are based on the HPLC method, validated
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with a Zorbax Eclipse XDB brand L1 column. The typical retention times under the
chromatographic conditions for alprazolam related compound A and triazolam are 2.7 and 3.5
min, respectively.
(SM4: R. Ravichandran.)
Correspondence Number—C62842

Comment deadline: May 31, 2011
Triazolam

C17 H12 Cl2 N4

343.21

4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-(2-chlorophenyl)-1-methyl-;
8-Chloro-6-(o-chlorophenyl)-1-methyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
[28911-015].
DEFINITION
Triazolam contains NLT 97.0% and NMT 103.0% of C17 H12 Cl2 N4 , calculated on the dried basis.
[Caution—Exercise care to prevent inhaling particles of triazolam and to prevent its contacting
any part of the body. ]
IDENTIFICATION
• A. Infrared Absorption 197M
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 220 nm
Sample solution: 4 µg/mL in alcohol
Acceptance criteria: Absorptivities do not differ by more than 3.0%, calculated on the
dried basis.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)

ASSAY
Change to read:
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• Procedure
Mobile phase: Acetonitrile, chloroform, butyl alcohol, water, and glacial acetic acid
(85:8:5:2:0.05)
Internal standard solution: 0.3 mg/mL of alprazolam in acetonitrile
Standard stock solution: 0.25 mg/mL of USP Triazolam RS in the Internal standard
solution
Sample stock solution: 0.25 mg/mL of Triazolam in the Internal standard solution
Standard solution: 0.025 mg/mL from the Standard stock solution diluted with
acetonitrile
Sample solution: 0.025 mg/mL from the Sample stock solution diluted with acetonitrile
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 30-cm; packing L3
Flow rate: 2.0 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for triazolam and the internal standard are 1.0 and
1.4, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the internal standard and triazolam
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C17 H12 Cl2 N4 in the portion of Triazolam taken:
Result = (RU /RS) × (CS/CU ) × 100
RU= response ratio of alprazolam to triazolam of the Sample solution
RS= response ratio of alprazolam to triazolam of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
Diluent: Acetonitrile and water (45:55)
Buffer: 1.4 g/L monobasic potassium phosphate in water
Mobile phase: Acetonitrile and Buffer (45:55)
System suitability solution: 0.02 mg/mL each of USP Triazolam RS and USP Alprazolam
Related Compound A RS in Diluent
Standard solution: 0.025 mg/mL of USP Triazolam RS in Diluent
Sample solution: 0.025 mg/mL of Triazolam in Diluent
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 10 µL
Run time: 3 times the retention time of triazolam
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for alprazolam related compound A and triazolam
are 0.77 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alprazolam related compound A and triazolam,
System suitability solution
Tailing: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of triazolam (C17 H12 Cl2 N4 ) in the portion of Triazolam taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of triazolam from the Sample solution
rS= peak response of triazolam from the Standard solution
C=
S concentration of USP Triazolam RS in the Standard solution (mg/mL)
C=
U concentration of Triazolam in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis 1S (USP35)

IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
• Heavy Metals, Method II 231 : NMT 20 ppm
Change to read:
• Organic Impurities
• Procedure
Sample solution: 2 mg/mL of Triazolam in chloroform
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 3-mm × 120-cm glass column packed with 3% phase G6 on support S1AB
Temperature
Column: 240
Injection port: 240
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Detector: 20 –50 above column temperature
Carrier gas: Helium
[NOTE—Allow about three times the elution time of the major component before making
another injection.]
Injection size: 4 µL
Analysis
Sample: Sample solution
Calculate the total percentage of impurities taken:
Result = 100SrU /(rT )
SrU= sum of the areas of each of the minor component peaks detected
rT = sum of all minor component peaks and the area of the major component peak
Acceptance criteria: The total amount of impurities present is NMT 1.5%.
Diluent, Buffer, Mobile phase, System suitability solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard solution: 0.25 µg/mL of USP Triazolam RS in Diluent
Sample solution: 0.25 mg/mL of Triazolam in Diluent
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for alprazolam related compound A and triazolam
are 0.77 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alprazolam related compound A and triazolam, System
suitability solution
Tailing: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Sample: Sample solution
Calculate the total percentage of impurities in the portion of Triazolam taken:
Result = (rU/rT) × 100
r=
U sum of the areas of each of the minor component peaks detected
r=
T sum of all minor component peak areas and the area of the major component peak
Acceptance criteria
Total impurities: NMT 1.5%
1S (USP35)

SPECIFIC TESTS
• Loss on Drying 731 : Dry a sample at 60 and at a pressure not exceeding 5 mm of
mercury for 16 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
Change to read:
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• Packaging and Storage: Preserve in well-closed containers
at room temperature. 1S (USP35)
Change to read:
• USP Reference Standards
USP Triazolam RS

11

USP Alprazolam Related Compound A RS
2-(2-Acetylhydrazino)-7-chloro-5-phenyl-3H-1,4-benzodiazepine.
C17 H15 ClN4 O
326.78 1S (USP35)
BRIEFING
Verapamil Hydrochloride Extended-Release Capsules. Because there is no existing USP
monograph for this drug product, a new monograph is proposed based on validated methods.
The liquid chromatographic procedures in the Assay and in the tests for Dissolution and
Organic Impurities were validated using a Phenomenex primesphere 5-µm column of packing
L1. The typical retention time for verapamil under the conditions for the Assay and the tests
for Dissolution and Organic Impurities is about 9 min.
(SM2: S. Ramakrishna, M. Marques.)
Correspondence Number—C89732

Comment deadline: May 31, 2011
Add the following:
Verapamil Hydrochloride Extended-Release Capsules
DEFINITION
Verapamil Hydrochloride Extended-Release Capsules contain NLT 90.0% and NMT 110.0% of the
labeled amount of verapamil hydrochloride (C27 H38 N2 O4 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 0.01 N sodium acetate in water containing 33 mL/L of glacial acetic acid
Mobile phase: Acetonitrile, 2-aminoheptane, and Solution A (60:1:140)
System suitability solution: 0.12 mg/mL of USP Verapamil Hydrochloride RS and 0.1
mg/mL of USP Verapamil Related Compound B RS in Mobile phase
Standard solution: 0.12 mg/mL of USP Verapamil Hydrochloride RS in Mobile phase
Sample stock solution: 1.2 mg/mL of verapamil hydrochloride prepared as follows: transfer
an equivalent to 240 mg of verapamil hydrochloride, from the pool of capsule contents
(NLT 20), to a 200-mL volumetric flask. Add about 150 mL of Mobile phase (prewarm the
Mobile phase to 45 ). While sonicating, stir for 1 h, cool to room temperature, dilute with
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Mobile phase to volume, and mix. Centrifuge a portion for 20 min, and use the
supernatant.
Sample solution: 0.12 mg/mL of verapamil hydrochloride in Mobile phase from the Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between verapamil and verapamil related compound B, System
suitability solution. [Note—Verapamil related compound B elutes before verapamil. ]
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of verapamil hydrochloride (C27 H38 N2 O4 ·HCl) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Verapamil Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of verapamil hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 100 rpm, with wire helix sinker
Times: 2, 4, 8, and 24 h
Solution A and Mobile phase: Proceed as directed in the Assay.
Standard solution: 0.267 mg/mL of USP Verapamil Hydrochloride RS in Medium
System suitability solution: 0.25 mg/mL of USP Verapamil Hydrochloride RS and 0.2
mg/mL of USP Verapamil Related Compound B RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
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Injection size: 30 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between verapamil and verapamil related compound B, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis: Calculate the percentage of the labeled amount of verapamil hydrochloride
dissolved at each time point:
Q2 = (rU/rS) × (CS/L) × V × 100
Q4 = (Q2 × VS1/V) + [(rU/rS) × (CS/L) × (V
Q8 = (Q2 × VS1/V) + {Q4 × VS2/[V
Q24 = (Q2 × VS1/V) + {Q4 × VS2/[V

VS1) × 100]

(VS1 + VS2)]} + {(rU/rS) × (CS/L) × [V
× 100}
(VS1+ VS2)]} + {Q8 × VS3/[V

{(rU/rS) × (CS/L) × [V

(VS1 + VS2)]

(VS1 + VS2 + VS3)]} +

(VS1 + VS2 + VS3)] × 100}

rU= peak response of verapamil hydrochloride from the Sample solution
rS= peak response of verapamil hydrochloride from the Standard solution
CS= concentration of verapamil hydrochloride in the Standard solution
L = label claim (mg/Capsule)
V = initial volume of Medium, 900 mL
VSn
= volume of Medium taken at each time point (mL)
Tolerances: See Table 1.
Table 1
Time
(h) Amount Dissolved
2
10%–25%
4
15%–40%
8
40%–65%
24
NLT 80%
The percentages of the labeled amount of verapamil hydrochloride released at the times
specified conform to Acceptance Table 2 in
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A, Mobile phase, Sample stock solution, and System suitability: Proceed as
directed in the Assay.
System suitability solution: 6 µg/mL of USP Verapamil Hydrochloride RS and 4.8 µg/mL of
USP Verapamil Related Compound B RS in Mobile phase
Standard solution: 6 µg/mL of USP Verapamil Hydrochloride RS in Mobile phase
Sample solution Use the Sample stock solution.
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Chromtographic system: Proceed as directed in the Assay except for the following:
Injection volume 50 µL
Run time: NLT 5 times the peak of verapamil
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Verapamil Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of verapamil hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.2% each
Total impurities: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Verapamil Hydrochloride RS
USP Verapamil Related Compound B RS
Benzeneacetonitrile, -[2-[[2-(3,4-dimethoxyphenyl)-ethyl]methylamino]ethyl]-3,4dimethoxy- -(1-methylethyl)-, monohydrochloride.
C26 H36 N2 O4 ·HCl
477.05
1S (USP35)

BRIEFING
Betadex Sulfobutyl Ether Sodium, page 447 of PF 36(2) [Mar.–Apr. 2010]. On the basis of
validated methods of analysis, it is proposed to replace three individual tests by a
combination ion chromatographic procedure for measuring three impurities: sodium chloride,
4-hydroxybutane-1-sulfonic acid, and bis(4-sulfobutyl) ether disodium.
The ion chromatography (IC) procedure in the test for Limit of Sodium Chloride, 4Hydroxybutane-1-Sulfonic Acid, and Bis(4-Sulfobutyl) Ether Disodium is based on analyses
performed using the Dionex IonPac AS11 brand of L61 column. On the IC system 4hydroxybutane-1-sulfonic acid, chloride, and bis(4-sulfobutyl) ether disodium elute at
approximately 2.3, 3.2, and 19.8 min, respectively.
In the test for Average Degree of Substitution, the phrase “a pH of 5.8” is replaced by the
phrase “a pH which is suitable for the instrument used”; because of the variation between
capillaries, a single universally applicable electrolyte pH is not specified. Instead, the optimal
pH associated with each individual capillary should be determined according to the
instrumental manual.
(EXC: H. Wang.)
Correspondence Number—C93064

Comment deadline: May 31, 2011
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Add the following:
Betadex Sulfobutyl Ether Sodium

C42 H70

nO35 ·(C4 H8 SO3 Na)n

2163 when n = 6.5

Beta cyclodextrin sulfobutyl ethers, sodium salts;
Beta cyclodextrin sulfobutyl ether sodium [182410-00-0].
DEFINITION
Betadex Sulfobutyl Ether Sodium is prepared by alkylation of betadex using 1,4-butane sultone
under basic conditions. The average degree of substitution in betadex is NLT 6.2 and NMT 6.9.
It contains NLT 95.0% and NMT 105.0% of C42 H70 nO35 ·(C4 H8 SO3 Na)n (n = 6.2–6.9),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. It meets the requirements of the test for Average Degree of Substitution.
• D. Identification Tests—General, Sodium

191

ASSAY
• Procedure
Mobile phase: 0.1 M potassium nitrate in a mixture of acetonitrile and water (1:4)
Standard solution: 10 mg/mL of USP Betadex Sulfobutyl Ether Sodium RS in Mobile phase
Sample solution: 10 mg/mL of Betadex Sulfobutyl Ether Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Detector temperature: 35 ± 2
Column: 7.8-mm × 30-cm analytical column; packing L37.
[NOTE—Rinse the column with a solution of acetonitrile and water (1:9) at the completion
of the run series.]
Flow rate: 1.0 mL/min
Injection size: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of betadex sulfobutyl ether sodium [C42 H70
in the portion of Betadex Sulfobutyl Ether Sodium taken:

nO35 ·(C4 H8 SO3 Na)n]

Result = (rU/rS) × (CS/CU) × 100
rU= peak response for betadex sulfobutyl ether sodium from the Sample solution
rS= peak response for betadex sulfobutyl ether sodium from the Standard solution
C=
S concentration of USP Betadex Sulfobutyl Ether Sodium RS in the Standard solution
(mg/mL)
C=
U concentration of Betadex Sulfobutyl Ether Sodium in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II 231 : NMT 5 ppm
• Limit of Beta Cyclodextrin (Betadex)
Solution A: 25 mM sodium hydroxide
Solution B: 250 mM sodium hydroxide and 1 M potassium nitrate
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
4
100
0
5
0
100
10
0
100
11
100
0
20
100
0
Standard solution: 2 µg/mL of USP Beta Cyclodextrin RS
Sample solution: 2 mg/mL of Betadex Sulfobutyl Ether Sodium
Chromatographic system
(See Chromatography 621 , System Suitability and Ion Chromatography 1065 .)
Mode: IC
Detector: Pulsed amperometry (amperometric cell with gold working electrode and silver
reference electrode)
Column
Guard: 4.0-mm × 5-cm anion-exchange; packing L61
Analytical 4.0-mm × 25-cm anion-exchange; packing L61
Column temperature: 50 ± 2
Flow rate: 1.0 mL/min
Injection size: 20 µL
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Waveform for pulsed amperometric detector: See Table 2.
Table 2
Time Voltage
(s)
(V)
0.00 0.10
0.30 Start integration
0.50 0.10
0.50 Stop integration
0.51 0.60
0.59 0.60
0.60
0.60
0.65

0.60

System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of beta cyclodextrin (betadex) in the portion of Betadex
Sulfobutyl Ether Sodium taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for beta cyclodextrin from the Sample solution
rS= peak response for beta cyclodextrin from the Standard solution
C=
S concentration of USP Beta Cyclodextrin RS in the Standard solution (µg/mL)
C=
U concentration of Betadex Sulfobutyl Ether Sodium in the Sample solution (mg/mL)
F= conversion factor (10 3 mg/µg)
Acceptance criteria: NMT 0.1%
• Limit of 1,4-Butane Sultone
Internal standard solution: 0.25 µg/mL of diethyl sulfone
Standard stock solution A: 0.5 µg/mL of 1,4-butane sultone
Standard stock solution B: 1.0 µg/mL of 1,4-butane sultone
Standard stock solution C: 2.0 µg/mL of 1,4-butane sultone
Sample stock solution: 250 mg/mL of Betadex Sulfobutyl Ether Sodium in the Internal
standard solution
Blank solution, and Sample solutions A, B, C, and D: Follow Table 3 to place the
quantities of Internal standard solution, each Standard stock solution, Sample stock
solution, water, or methylene chloride in each glass test tube with a stopper. [Note—A
screw-capped, 10-mL test tube is suitable. ] Mix on a vortex mixer each test tube for 30
s, and allow it stand for at least 5 min or until complete separation of the phase. Extract
the organic phase into a GC vial and seal. [Note—With great care take the minimum
possible amount of aqueous phase. ] Added quantities of 1,4-butane sulfone in Sample
solutions A, B, C, and D are 0.5, 1.0, 2.0, and 0 µg, respectively.
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Table 3
Solution 2 Added
(mL)

Methylene Chloride
Added
(mL)

Internal standard
solution, 4.0
Water, 1.0
1.0
Sample stock
Sample solution A solution, 4.0
Standard stock solution A, 1.01.0
Sample stock
Sample solution B solution, 4.0
Standard stock solution B, 1.01.0
Sample stock
Sample solution C solution, 4.0
Standard stock solution C, 1.01.0
Sample stock
Sample solution D solution, 4.0
Water, 1.0
1.0
[NOTE—Prepare immediately before use.]
Chromatographic system
Blank solution

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 25-m fused-silica capillary column; 0.5-µm layer of phase G46
Temperature
Detector: 270
Injection port: 200
Column: See the temperature program in Table 4.
Table 4
Initial
Temperature Ramp Final
Hold Time at Final
Temperature
( /min)
Temperature
Temperature
( )
( )
(min)
100
10
200
—
200
35
270
5
Carrier gas: Helium, typically at 12 psi inlet pressure
Injection size: 1.0 µL
Injection type: Splitless injection for 0.5 min, then split at 50 mL/min. [Note—The use of
an appropriate splitless injection liner is recommended. ]
System suitability
Sample: Sample solution B
[NOTE—The relative retention times for diethyl sulfone and 1,4-butane sultone are 0.7
and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 10.0%
Analysis
Samples: Blank solution, Sample solutions A, B, C, and D
Correct the ratio of peak responses of the 1,4-butane sultone to diethyl sulfone in Sample
solution A, B, C, or D by subtracting the ratio of peak responses of the 1,4-butane sultone
to ethyl sulfone in the Blank solution. Plot the corrected ratio of peak response of 1,4-
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butane sultone to peak response of diethyl sulfone in Sample solution A, B, C or D, versus
the added quantity, in µg, of 1,4-butane sulfone. Extrapolate the line joining the points on
the graph until it meets the quantity axis. The distance between this point and the
intersection of the axes represents the quantity of 1,4-butane sulfone, A, in µg, in the 4mL portion of Sample stock solution. Calculate the content of 1,4-butane sulfone in the
portion of Betadex Sulfobutyl Ether Sodium taken:
Result = A/(VExt × CU × F)
A = determined above
VExt= volume of the Sample stock solution used in the extraction step, 4.0 mL
CU= concentration of Betadex Sulfobutyl Ether Sodium in the Sample stock solution
(mg/mL)
F = conversion factor (10 3 g/mg)
Acceptance criteria: NMT 0.5 ppm
• Limit of Sodium Chloride
Mobile phase: 4.0 mM sodium hydrogen carbonate in a mixture of methanol and water (1:9)
Suppressant: 12.5 mM sulfuric acid
Column wash solution A: 50 mM trisodium citrate
Column wash solution B: 150 mM sodium hydroxide
Standard solution: Weigh 100.0 mg ± 3.0 mg of USP Sodium Chloride RS into a 25-mL
volumetric flask. Dissolve in and dilute with water to volume. Pipet 2.0 mL of the solution
so obtained into a 100-mL volumetric flask, and dilute with Mobile phase to volume. Pipet
2.0 mL of this solution into a 100-mL volumetric flask, and dilute with Mobile phase to
volume. The solution contains 1.6 µg/mL of sodium chloride.
Sample solution: 1 mg/mL of Betadex Sulfobutyl Ether Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability and Ion Chromatography 1065 .)
Mode: IC
Detector: Conductivity
Column: 4.0-mm × 5.0-cm anion-exchange guard column, packing L50; 4.0-mm × 25-cm
anion-exchange analytical column, packing L50. [Note—At the end of each run, clean
the column using Column wash solution A at a flow rate of 1 mL/min for 30 min, then
using Column wash solution B at the same flow rate for 30 min. ]
Column temperature: Ambient
Suppressor: Micromembrane anion autosuppressor1 or a suitable chemical suppression
system
Suppression: Use the Suppressant for chemical suppression.
Suppressant flow rate: 1–2 mL/min
Flow rate: 1.0 mL/min
Injection size: 20 µL
Run time: 10 min
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Tailing factor: 1.0–1.6 for the sodium chloride peak
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of sodium chloride in the portion of Betadex Sulfobutyl Ether
Sodium taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for chloride ion from the Sample solution
rS= peak response for chloride ion from the Standard solution
C=
S concentration of USP Sodium Chloride RS in the Standard solution (µg/mL)
C=
U concentration of Betadex Sulfobutyl Ether Sodium in the Sample solution (mg/mL)
F = conversion factor (10-3 mg/µg)
Acceptance criteria: NMT 0.2% for sodium chloride
• Limit of 4-Hydroxybutane-1-Sulfonic Acid
Mobile phase: 2.5 mM sodium hydroxide
Suppressant: Water
Column wash solution A: 50 mM trisodium citrate
Column wash solution B: 150 mM sodium hydroxide
Standard solution: 1.0 µg/mL of 4-hydroxybutane-1-sulfonic acid in Mobile phase
Resolution solution: 1.0 µg/mL of sodium chloride and 1.0 µg/mL of 4-hydroxybutane-1sulfonic acid, in Mobile phase
Sample solution: 1 mg/mL of Betadex Sulfobutyl Ether Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability and Ion Chromatography 1065 .)
Mode: IC
Detector: Conductivity
Column: 4.0-mm × 5.0-cm anion-exchange guard column, packing L61; 4.0-mm × 25-cm
anion-exchange analytical column, packing L61. [Note—At the end of each run, clean
the column using Column wash solution A at a flow rate of 1 mL/min for 15 min, then
using Column wash solution B at the same flow rate for 15 min. ]
Column temperature: 50 ± 2
Suppressor: Micromembrane anion autosuppressor or a suitable chemical suppression
system
Current: 100 mA
Suppression: Suppression is electrical.
Suppressant flow rate: 2 mL/min
Flow rate: 1.0 mL/min
Injection size: 20 µL
Run time: 35 min
System suitability
Samples: Standard solution and Resolution solution
[NOTE—The relative retention times for 4-hydroxybutane-1-sulfonic acid and the chloride
ion are 1.0 and 1.6, respectively.]
Suitability requirements
Resolution: NLT 4.0 between the chloride ion and 4-hydroxybutane-1-sulfonic acid,
Resolution solution
Relative standard deviation: NMT 5.0% determined for the 4-hydroxybutane-1-
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sulfonic acid peak, Standard solution
Tailing factor: 1.0–1.6 for the 4-hydroxybutane-1-sulfonic acid peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-hydroxybutane-1-sulfonic acid in the portion of Betadex
Sulfobutyl Ether Sodium taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for 4-hydroxybutane-1-sulfonic acid from the Sample solution
rS= peak response for 4-hydroxybutane-1-sulfonic acid from the Standard solution
C=
S concentration of 4-hydroxybutane-1-sulfonic acid in the Standard solution (µg/mL)
C=
U concentration of Betadex Sulfobutyl Ether Sodium in the Sample solution (mg/mL)
F = conversion factor (10-3 mg/µg)
Acceptance criteria: NMT 0.09% for 4-hydroxybutane-1-sulfonic acid
• Limit of Bis(4-Sulfobutyl) Ether Disodium
Mobile phase: 5 mM sodium hydrogen carbonate and 5 mM sodium carbonate in a mixture
of methanol and water (2:3)
Suppressant: 25 mM sulfuric acid
Column wash solution A: 50 mM trisodium citrate
Column wash solution B: 150 mM sodium hydroxide
Standard solution: 1.0 µg/mL of bis(4-sulfobutyl) ether disodium in Mobile phase
Resolution solution: 4.0 µg/mL of bis(4-sulfobutyl) ether disodium and 0.5 µg/mL of sodium
chloride, in Mobile phase
Sample solution: 2 mg/mL of Betadex Sulfobutyl Ether Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability and Ion Chromatography 1065 .)
Mode: IC
Detector: Conductivity
Column: 4.0-mm × 5.0-cm anion-exchange guard column, packing L61; 4.0-mm × 25-cm
anion-exchange analytical column, packing L61. [Note—After every twelve injections of
test solutions and at the end of the analysis, clean the column using Column wash
solution A at a flow rate of 1 mL/min for 6 min, then using Column wash solution B at the
same flow rate for 6 min. Equilibrate the column for at least 60 min with Mobile phase at
a flow rate of 1.5 mL/min after each column purge. ]
Column temperature: 40 ± 2
Suppressor: Micromembrane anion autosuppressor or a suitable chemical suppression
system
Suppression
Suppressant flow rate: 4 mL/min
Flow rate: 1.5 mL/min
Injection size: 20 µL
Run time: 8 min
System suitability
Samples: Standard solution and Resolution solution
[NOTE—The relative retention times for the chloride ion and bis(4-sulfobutyl) ether
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disodium are 0.4 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 7 between the chloride ion and bis(4-sulfobutyl) ether disodium,
Resolution solution
Relative standard deviation: NMT 5.0% determined for the bis(4-sulfobutyl) ether
disodium, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bis(4-sulfobutyl) ether disodium in the portion of Betadex
Sulfobutyl Ether Sodium taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for bis(4-sulfobutyl) ether disodium from the Sample solution
rS= peak response for bis(4-sulfobutyl) ether disodium from the Standard solution
C=
S concentration of bis(4-sulfobutyl) ether disodium in the Standard solution (µg/mL)
C=
U concentration of Betadex Sulfobutyl Ether Sodium in the Sample solution (mg/mL)
F = conversion factor (10-3 mg/µg)
Acceptance criteria: NMT 0.05% for bis(4-sulfobutyl) ether disodium
• Limit of Sodium Chloride, 4-Hydroxybutane-1-Sulfonic Acid, and Bis(4-Sulfobutyl)
Ether Disodium
Solution A: 5 mM sodium hydroxide, degas in a closed vessel for 15 min
Solution B: 25 mM sodium hydroxide, degas in a closed vessel for 15 min
Mobile phase: See Table 5.
Table 5
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
4
100
0
10
70
30
24
70
30
25
100
0
40
100
0
Column wash solution A: 50 mM sodium citrate
Column wash solution B: 150 mM sodium hydroxide
Standard solution: Prepare a solution having known concentrations of 8 µg/mL of USP
Sodium Chloride RS, 4 µg/mL of 4-hydroxybutane-1-sulfonic acid, and 4 µg/mL of bis(4sulfobutyl) ether disodium.
Sample solution: 4 mg/mL of Betadex Sulfobutyl Ether Sodium
Chromatographic system
(See Chromatography 621 , System Suitability and Ion Chromatography 1065 .)
Mode: IC
Detector: Conductivity
Range: 30 µS
Current: 100 mA
Column: [Note—At the end of each run, clean the column using Column wash solution A
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at a flow rate of 1 mL/min for 35 min then using Column wash solution B at the same
flow rate for 35 min. ]
Guard: 4.0-mm × 5.0-cm anion-exchange; packing L61
Analytical: 4.0-mm × 25-cm anion-exchange; packing L61
Column temperature: 30
Suppressor: Micromembrane anion autosuppressor1 or a suitable chemical suppression
system
Suppressant: Autosuppression
Flow rate: 1.0 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—Relative retention times are provided for information only. The relative retention
times for 4-hydroxybutane-1-sulfonate ion, chloride ion, and bis(sulfobutyl) ether ion
are 1.0, 1.4, and 8.6, respectively.]
Suitability requirements
Resolution: NLT 2.0
Relative standard deviation: NMT 10.0%.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium chloride, 4-hydroxybutane-1-sulfonic acid, or
bis(sulfobutyl) ether disodium in the portion of Betadex Sulfobutyl Ether Sodium taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for sodium chloride, 4-hydroxybutane-1-sulfonic acid, or bis(sulfobutyl)
ether disodium from the Sample solution
rS= peak response for sodium chloride, 4-hydroxybutane-1-sulfonic acid, or bis(sulfobutyl)
ether disodium from the Standard solution
C=
S concentration of sodium chloride, 4-hydroxybutane-1-sulfonic acid, or bis(sulfobutyl)
ether disodium in the Standard solution (µg/mL)
C=
U concentration of Betadex Sulfobutyl Ether Sodium in the Sample solution (mg/mL)
F= conversion factor (10 3 mg/µg)
Acceptance criteria
Sodium chloride: NMT 0.2%
4-Hydroxybutane-1-sulfonic acid: NMT 0.09%
Bis(sulfobutyl) ether disodium: NMT 0.05%
SPECIFIC TESTS
• Bacterial Endotoxins Test 85 : The level of bacterial endotoxins is such that the
requirement under the relevant dosage form monograph(s) in which Betadex Sulfobutyl
Ether Sodium is used can be met. Where the label states that Betadex Sulfobutyl Ether
Sodium must be subjected to further processing during the preparation of injectable
dosage forms, the level of bacterial endotoxins is such that the requirement under the
relevant dosage form monograph(s) in which Betadex Sulfobutyl Ether Sodium is used can
be met.
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• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceeds 100 cfu/g, and the total combined molds
and yeasts count does not exceed 50 cfu/g. It meets the requirements of the test for
absence of Escherichia coli.
• Clarity of Solution
Sample solution: 30% (w/v) solution
Analysis: Examine the Sample solution using a light box against white and black
backgrounds, and record the presence of any haze, fluorescence, fibers, specks, or other
foreign matter.
Acceptance criteria: The solution is clear, and essentially free from particles of foreign
matter.
• Average Degree of Substitution
Run electrolyte: 30 mM benzoic acid and adjusted to a pH of 5.8that is suitable for the
instrument used by addition of 100 mM tris(hydroxymethyl) aminomethane buffer. [Note
—Due to variation between capillaries, a single universally applicable electrolyte pH is not
specified. Instead, the optimal pH associated with each individual capillary should be
determined according to the instrumental manual. ]
Standard solution: 10 mg/mL of USP Betadex Sulfobutyl Ether Sodium RS
Sample solution: 10 mg/mL of Betadex Sulfobutyl Ether Sodium
Capillary rinsing procedure: Use separate run electrolyte vials for capillary rinse and
sample analysis. Perform pre-analysis rinses on a daily basis before each analysis: rinse
the capillary with 0.1 N sodium hydroxide for 30 min, with water for NLT 2 h, and with Run
electrolyte for NLT 1 h. Perform pre-injection rinses prior to each injection as follows:
rinse the capillary with 0.1 N sodium hydroxide for NLT 1 min, and with Run electrolyte for
NLT 3 min. If a new capillary is being used, in addition to the regular rinses described
above, a new capillary requires rinsing before its first use. Rinse the new capillary with 1 M
sodium hydroxide for 1 h, followed by a 2-h water rinse.
Electrophoretic system
(See Capillary Electrophoresis 727 .)
Mode: High-performance CE
Detector: Inverse UV 200 nm, with a bandwidth of 20 nm. [Note—A detection
wavelength of 205 nm with a bandwidth of 10 nm may be used as an alternative. ]
Column: 50-µm × 50-cm fused silica column
Column temperature: 25
Applied voltage: 0.00 to +30.00 kV linear ramp over 10 min, then at 30 kV for a further
20 min
Injection size: Equal volumes at 0.5 psi for 10 s
System suitability
Sample: Standard solution
[NOTE—See Table 6 for the approximate relative migration times for betadex sulfobutyl
ether sodium peaks I–X (betadex sulfobutyl ether sodium peaks I, II, III, ..., X, contains
beta cyclodextrin molecule with 1, 2, 3, ..., 10 sulfobutyl substituent(s), respectively).
The relative migration times are for informational purposes only to aid in peak
identification.]
Table 6
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Betadex Sulfobutyl Ether Relative Migration Time
Sodium Peaks I–X
I
0.58
II
0.63
III
0.69
IV
0.77
V
0.83
VI
0.91
VII
1.00
VIII
1.10
IX
1.20
X
1.30
Suitability requirements
Resolution: NLT 0.9, between betadex sulfobutyl ether sodium peak IX and betadex
sulfobutyl ether sodium peak X
Analysis
Samples: Run electrolyte, water, Standard solution, and Sample solution
Inject the Standard solution and Sample solution by applying differential pressure of 0.5
psi, equivalent to 34 mbar, for 10 s, followed by injection of Run electrolyte at 0.5 psi for
2 s. [Note—Pressure injections should be made with a vial of water or Run electrolyte at
the outlet end of the capillary. ]
Record the electropherograms, and measure the peak responses for the individual betadex
sulfobutyl ether sodium peaks (I to X). Calculate the corrected peak area, AI , for each
peak in the eletropherogram:

Normalize the corrected peak areas by presenting each as a percentage of the total
corrected substitution envelope area:

n= highest level of substitution
Determine the average degree of substitution:

Acceptance criteria: 6.2–6.9 for average degree of substitution
For each of betadex sulfobutyl ether sodium peaks I–X, see limit range (% peak area) in
Table 7.
Table 7
Betadex Sulfobutyl Ether Limit Range
Sodium Peaks I–X
(% Peak Area)
I
0–0.3
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II
III
IV
V
VI
VII
VIII
IX
X
• pH

0–0.9
0.5–5.0
2.0–10.0
10.0–20.0
15.0–25.0
20.0–30.0
10.0–25.0
2.0–12.0
0–4.0

791 : 4.0–6.8, in a 30% (w/v) solution in carbon dioxide-free water

• Water Determination, Method I 921 : NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
Protect from moisture.
• Labeling: Label it to indicate its use in the manufacture of injectable dosage forms.
• USP Reference Standards 11
USP Beta Cyclodextrin RS
USP Betadex Sulfobutyl Ether Sodium RS
USP Endotoxin RS
USP Sodium Chloride RS
1S (NF30)

1 Available as Anion Self-Regenerating Suppressor (ASRS) from Dionex Inc, or equivalent.
1 Available as Anion Self-Regenerating Suppressor (ASRS) from Dionex Inc, or equivalent.

BRIEFING
31 Volumetric Apparatus, USP 34 page 47. Under the section Use, it is proposed to
delete the reference to drain rate of pipets and burets as this requirement is not aligned with
the ASTM standard referenced in the chapter. A note is added under Standards of Accuracy to
indicate that the tables in the chapter list only the most common capacities, and direct the
users to the ASTM standard for a complete list. It is also indicated that any automatic
apparatus used to measure volumes of liquids needs to meet the tolerances for Class A
volumetric apparatus.
(GCPA: H. Pappa.)
Correspondence Number—C95266

Comment deadline: May 31, 2011
31

VOLUMETRIC APPARATUS

Most of the volumetric apparatus available in the United States is calibrated at 20 , although
the temperatures generally prevailing in laboratories more nearly approach 25 . To minimize
volumetric error, the temperature should be the same for the volumetric apparatus, the material
being prepared, the solvents being used to prepare the volumetric solutions, the area in which
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they are prepared, and the final volume adjustment.
Change to read:
Use—To attain the degree of precision required in many Pharmacopeial assays involving
volumetric measurements and directing that a quantity be “accurately measured,” the
apparatus must be chosen and used with care. A buret should be of such size that the titrant
volume represents not less than 30% of the nominal volume. Where less than 10 mL of titrant is
to be measured, a 10-mL buret or a microburet generally is required.
The design of volumetric apparatus is an important factor in assuring accuracy. For example,
the length of the graduated portions of graduated cylinders should be not less than five times
the inside diameter, and the tips of burets and pipets should restrict the outflow rate to not
more than 500 µL per second.
1S (USP35)

Change to read:
Standards of Accuracy—The capacity tolerances for volumetric flasks, transfer pipets, and
burets are those accepted by the National Institute of Standards and Technology (Class A),1
as indicated in the accompanying tables. [Note—The tables in this chapter list the tolerances
for the most commonly used sizes. See the referenced ASTM standards for a complete list of
materials. ] 1S (USP35)
Use Class A volumetric apparatus unless otherwise specified in the individual monograph. For
plastic volumetric apparatus the accepted capacity tolerances are Class B.2 Automatic
instruments for measuring volumes can be used in volumetric manipulations provided that their
tolerances meet at least the tolerances set forth in this chapter (see General Notices 6.80.20).
1S (USP35)

The capacity tolerances for measuring (i.e., “graduated”) pipets of up to and including 10-mL
capacity are somewhat larger than those for the corresponding sizes of transfer pipets, namely,
10, 20, and 30 µL for the 2-, 5-, and 10-mL sizes, respectively.
Transfer and measuring pipets calibrated “to deliver” should be drained in a vertical position and
then touched against the wall of the receiving vessel to drain the tips. Volume readings on
burets should be estimated to the nearest 0.01 mL for 25- and 50-mL burets, and to the
nearest 0.005 mL for 5- and 10-mL burets. Pipets calibrated “to contain” are called for in
special cases, generally for measuring viscous fluids like syrups; however, a volumetric flask
may be substituted for a “to contain” pipet. In such cases, the pipet or flask should be washed
clean, after draining, and the washings added to the measured portion.
Volumetric Flasks
Designated volume, mL 10 25 50 100 250 500 1000
Limit of error, mL
0.02 0.03 0.05 0.08 0.12 0.20 0.30
Limit of error, %
0.20 0.12 0.10 0.08 0.05 0.04 0.03
Transfer Pipets
Designated volume, mL 1
2
5 10 25 50 100
Limit of error, mL
0.006 0.006 0.01 0.02 0.03 0.05 0.08
Limit of error, %
0.60 0.30 0.20 0.20 0.12 0.10 0.08
Burets
Designated volume, mL 10 (“micro” type) 25

50
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Subdivisions, mL
Limit of error, mL

0.02
0.02

0.1 0.1
0.03 0.05

1 See ASTM 288-06, ASTM E287-02, ASTM E1189-00, and ASTM E969-02.
2 See ASTM E 288, Fed. Spec. NNN-F-289, and ISO Standard 384.

BRIEFING
181 Identification—Organic Nitrogenous Bases, USP 34 page 119. On the basis of
comments received, it is proposed to add a statement regarding specificity of identification
compendial tests. Also, the structure of the chapter has been modified in order to align with
the monograph redesign process.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C97990

Comment deadline: May 31, 2011
181

IDENTIFICATION—ORGANIC NITROGENOUS BASES

Delete the following:
This test is for the identification of tertiary amine compounds.
Dissolve 50 mg of the substance under test, if in bulk, in 25 mL of 0.01 N hydrochloric acid, or
shake a quantity of powdered tablets or the contents of capsules equivalent to 50 mg of the
substance with 25 mL of 0.01 N hydrochloric acid for 10 minutes. Transfer the liquid to a
separator, if necessary filtering it and washing the filter and the residue with several small
portions of water. In a second separator dissolve 50 mg of the corresponding USP Reference
Standard in 25 mL of 0.01 N hydrochloric acid. Treat each solution as follows. Add 2 mL of 1 N
sodium hydroxide and 4 mL of carbon disulfide, and shake for 2 minutes. Centrifuge if necessary
to clarify the lower phase, and filter it through a dry filter, collecting the filtrate in a small flask
provided with a glass stopper.
Determine the absorption spectra of the filtered solutions of both standard and sample without
delay, in 1-mm cells between 7 µm and 15 µm, with a suitable IR spectrophotometer, using
carbon disulfide in a matched cell as the blank. The spectrum of the solution prepared from the
sample shows all of the significant absorption bands present in the spectrum of the solution
prepared from the Reference Standard. 1S (USP35)
INTRODUCTION
Add the following:
The purpose of this test is the identification of tertiary amine compounds. This spectroscopic
test has a limited degree of specificity and, therefore, the conformance with all additional
identification tests listed in a particular monograph is necessary to assure the identity of the
specimen under examination. 1S (USP35)
ASSAY
Add the following:
• Procedure
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Standard solution: In a separator dissolve 50 mg of the corresponding USP Reference
Standard in 25 mL of 0.01 N hydrochloric acid.
Sample solution: Depending upon the nature of the sample, dissolve 50 mg of the bulk
substance under test in 25 mL of 0.01 N hydrochloric acid, or shake a quantity of
powdered tablets or the contents of capsules, equivalent to 50 mg of the substance, with
25 mL of 0.01 N hydrochloric acid for 10 min. Transfer the liquid to a separator, filtering if
necessary, and washing the filter and the residue with several small portions of water.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: IR
Wavelength range: 7–15 µm (1430 cm-1 to 650 cm-1)
Cell: 1-mm
Blank: Carbon disulfide
Analysis
Samples: Standard solution and Sample solution
Treat each solution as follows: Add 2 mL of 1 N sodium hydroxide and 4 mL of carbon
disulfide, and shake for 2 min. Centrifuge if necessary to clarify the lower phase, and
pass it through a dry filter, collecting the filtrate in a small flask provided with a glass
stopper. Determine the absorption spectra of the filtered Standard solution and Sample
solution without delay.
Acceptance criteria: The spectrum of the Sample solution must show all of the significant
absorption bands present in the spectrum of the Standard solution. 1S (USP35)
BRIEFING
660 Containers—Glass, USP 34 page 255. A study was performed that (1) compared
the USP Powdered Glass Test to the European Pharmacopoeia (EP) Glass Grains Test and (2)
compared the two USP tests that evaluate the hydrolytic resistance of the internal surface of
Type II glass containers. The results of the study are published as a Stimuli article in the
current PF. On the basis of the results of the study, the Packaging, Storage, and Distribution
Expert Committee proposes a revision to this general chapter . The revision incorporates the
following changes, along with some reorganization of the chapter.
1.

The USP Powdered Glass Test has been replaced with the EP Glass Grains Test.

2.

The Water Attack at 121 test has been deleted, and the Surface Glass Test will be
the sole method of determining glass types.
3.
A method for determining the fill volume of cartridges and syringes has been added
to the Surface Glass Test.
4.
A Surface Etching Test has been added to determine whether the internal surface of
a container has been surface treated. This was an earlier recommendation by the
Packaging and Storage Expert Committee, but it was not implemented in the USP 32
revision.
(P&S: D. Hunt.)
Correspondence Number—C53139

Comment deadline: May 31, 2011
660

CONTAINERS—GLASS
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Change to read:
Glass containers for pharmaceutical use are intended to come into direct contact with
pharmaceutical preparations. Glass used for pharmaceutical containers is either a borosilicate
(neutral) glass or a soda-lime glass. Borosilicate glass contains a significant amount of boric
oxide, aluminum oxide, and alkali and/or alkaline earth oxides. Borosilicate glass has a high
hydrolytic resistance due to the chemical composition of the glass itself; it is classified as Type
I glass. Soda-lime glass is a silica glass containing alkali metal oxides. Soda-lime glass has a
moderate hydrolytic resistance due to the chemical composition of the glass itself; it is
classified as Type III glass. The inner surface of glass containers may be treated, for example,
to improve hydrolytic resistance. The treatment of Type III soda-lime glass containers will raise
their hydrolytic resistance from a moderate to a high level, changing the classification of the
glass to Type II.
The outer surface of glass containers may be treated to reduce friction or for protection
against abrasion or breakage. The treatment of the outer surface does not come into contact
with the inner surface of the container. Glass may be colored to provide protection from light or
may have a coating applied to the outer surface. Such containers will meet the requirements
for Light Transmission under Containers—Performance Testing 671 . A clear and colorless or
a translucent container that is made light-resistant by means of an opaque enclosure (see
Light-Resistant Container in Preservation, Packaging, Storage, and Labeling under the General
Notices) is exempt from the requirements for Light Transmission.
The quality of glass containers is defined by measuring their resistance to chemical attack. In
addition, Type I containers for aqueous parenteral preparations are tested for arsenic release,
and colored glass containers are tested for light transmission.
CHEMICAL RESIS
TANCE
The following tests are designed to determine the resistance to water attack of new (not
previously used) glass containers. The degree of attack is determined by the amount of alkali
released from the glass under the influence of the attacking medium under the conditions
specified. This quantity of alkali is extremely small in the case of the more resistant glasses,
thus calling for particular attention to all details of the tests and the use of apparatus of high
quality and precision. The tests should be conducted in an area relatively free from fumes and
excessive dust.
Glass Types—Glass containers suitable for packaging Pharmacopeial preparations may be
classified as in Table 1 on the basis of the tests set forth in this section. Containers of Type I
borosilicate glass are generally used for preparations that are intended for parenteral
administration. Containers of Type I glass, or of Type II glass (i.e., soda-lime glass that is
suitably dealkalized) are usually used for packaging acidic and neutral parenteral preparations.
Type I glass containers, or Type II glass containers (where stability data demonstrate their
suitability), are used for alkaline parenteral preparations. Type III soda-lime glass containers
usually are not used for parenteral preparations, except where suitable stability test data
indicate that Type III glass is satisfactory for the parenteral preparations that are packaged
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therein.
Type
I
II
III

Table 1. Glass Types
General Description
Type of Test
Highly resistant, borosilicate glass Powdered Glass
Treated soda-lime glass
Water Attack
Soda-lime glass
Powdered Glass

Apparatus—
Autoclave—For these tests, use an autoclave capable of maintaining a temperature of 121 ±
2.0 , equipped with a thermometer, a pressure gauge, a vent cock, and a rack adequate to
accommodate at least 12 test containers above the water level.
Mortar and Pestle—Use a hardened-steel mortar and pestle, made according to the
specifications in Figure 1.

Figure 1. Mortar and Pestle for Pulverizing Glass1
Other Equipment—Also required are 20.3-cm (8-inch) sieves made of stainless steel, including
the Nos. 20, 40, and 50 sieves, along with the pan and cover (see Sizes of Standard Sieve
Series in Range of Interest under Particle Size Distribution Estimation by Analytical Sieving
786 ); 250-mL conical flasks made of resistant glass aged as specified; a 900-g (2-lb)
hammer; a permanent magnet; a desiccator; and an adequate volumetric apparatus.
Reagents—
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High-Purity Water—The water used in these tests has a conductivity at 25 , as measured in an
in-line cell just prior to dispensing, of not greater than 0.15 µS per cm (6.67 Megohm-cm).
There must also be an assurance that this water is not contaminated by copper or its products
(e.g., copper pipes, stills, or receivers). The water may be prepared by passing distilled water
through a deionizer cartridge packed with a mixed bed of nuclear-grade resin, then through a
cellulose ester membrane having openings not exceeding 0.45 µm.2 Do not use copper tubing.
Flush the discharge lines before water is dispensed into test vessels. When the low
conductivity specification can no longer be met, replace the deionizer cartridge.
Carbon Dioxide–Free Water—This is Purified Water that has been boiled vigorously for 5 minutes
or more and allowed to cool while protected from absorption of carbon dioxide from the
atmosphere, or Purified Water that has a resistivity of not less than 18 Mohm-cm.
Methyl Red Solution (Powdered Glass Test and Water Attack at 121 )—Dissolve 24 mg of
methyl red sodium in Purified Water to make 100 mL. If necessary, neutralize the solution with
0.02 N sodium hydroxide, or acidify it with 0.02 N sulfuric acid so that the titration of 100 mL of
High-Purity Water, containing 5 drops of indicator, does not require more than 0.020 mL of
0.020 N sodium hydroxide to effect the color change of the indicator, which should occur at a
pH of 5.6.
Methyl Red Solution (Surface Glass Test)—Dissolve 50 mg of methyl red solution in 1.86 mL of
0.1 M sodium hydroxide and 50 mL of ethanol (96%) and dilute to 100 mL with Purified Water.
To test for sensitivity, add 100 mL of Carbon Dioxide-Free Water and 0.05 mL of 0.02 M
hydrochloric acid to 0.1 mL of the methyl red solution (the solution should be red). Not more
than 0.1 mL of 0.02 M sodium hydroxide is required to change the color to yellow. Color
change: pH 4.4 (red) to pH 6.0 (yellow).
Powdered Glass Test
Rinse thoroughly with Purified Water six or more containers selected at random, and dry them
with a current of clean, dry air. Crush the containers into fragments about 25 mm in size, divide
about 100 g of the coarsely crushed glass into three approximately equal portions, and place
one of the portions in the special mortar. With the pestle in place, crush the glass further by
striking 3 or 4 blows with the hammer. Nest the sieves, and empty the mortar into the No. 20
sieve. Repeat the operation on each of the two remaining portions of glass, emptying the
mortar each time into the No. 20 sieve. Shake the sieves for a short time, then remove the
glass from the Nos. 20 and 40 sieves, and again crush and sieve as before. Repeat again this
crushing and sieving operation. Empty the receiving pan, reassemble the nest of sieves, and
shake by mechanical means for 5 minutes or by hand for an equivalent length of time. Transfer
the portion retained on the No. 50 sieve, which should weigh in excess of 10 g, to a closed
container, and store in a desiccator until used for the test.
Spread the specimen on a piece of glazed paper, and pass a magnet through it to remove
particles of iron that may be introduced during the crushing. Transfer the specimen to a 250mL conical flask of resistant glass, and wash it with six 30-mL portions of acetone, swirling
each time for about 30 seconds, and carefully decanting the acetone. After washing, the
specimen should be free from agglomerations of glass powder, and the surface of the grains
should be practically free from adhering fine particles. Dry the flask and contents for 20 minutes
at 140 , transfer the grains to a weighing bottle, and cool in a desiccator. Use the test
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specimen within 48 hours after drying.
Procedure—Transfer 10.00 g of the prepared specimen, accurately weighed, to a 250-mL
conical flask that has been digested (aged) previously with High-Purity Water in a bath at 90
for at least 24 hours or at 121 for 1 hour. Add 50.0 mL of High-Purity Water to this flask and
to one similarly prepared to provide a blank. Cap all flasks with borosilicate glass beakers that
previously have been treated as described for the flasks and that are of such size that the
bottoms of the beakers fit snugly down on the top rims of the containers. Place the containers
in the autoclave, and close it securely, leaving the vent cock open. Heat until steam issues
vigorously from the vent cock, and continue heating for 10 minutes. Close the vent cock, and
adjust the temperature to 121 , taking 19 to 23 minutes to reach the desired temperature.
Hold the temperature at 121 ± 2.0 for 30 minutes, counting from the time this temperature is
reached. Reduce the heat so that the autoclave cools and comes to atmospheric pressure in
38 to 46 minutes, being vented as necessary to prevent the formation of a vacuum. Cool the
flask at once in running water, decant the water from the flask into a suitably cleansed vessel,
and wash the residual powdered glass with four 15-mL portions of High-Purity Water, adding
the decanted washings to the main portion. Add 5 drops of Methyl Red Solution, and titrate
immediately with 0.020 N sulfuric acid. If the volume of titrating solution is expected to be less
than 10 mL, use a microburet. Record the volume of 0.020 N sulfuric acid used to neutralize the
extract from 10 g of the prepared specimen of glass, corrected for a blank. The volume does
not exceed that indicated in Table 2 for the type of glass concerned.
Table 2. Test Limits for Powdered Glass Test
Limits
Type
I

General Descriptiona
Highly resistant, borosilicate
glass
Soda-lime glass

Size,b
mL
Powdered Glass All
Type of
Test

mL of 0.020 N Acid
1.0

III
Powdered Glass All
8.5
a The description applies to containers of this type of glass usually available.
b Size indicates the overflow capacity of the container.
Surface Glass Test
Determination of the Filling Volume—The filling volume is the volume to be filled with Purified
Water in the container for the purpose of the test. For vials and bottles the filling volume is
90% of the brimful capacity. For ampules it is the volume up to the height of the shoulder.
Vials and Bottle—Select, at random, 6 containers from the sample lot, or 3 if their capacity
exceeds 100 mL, and remove any dirt or debris. Weigh the empty containers with an accuracy
of 0.1 g. Place the containers on a horizontal surface, and fill them with Purified Water to about
the rim edge, avoiding overflow and introduction of air bubbles. Adjust the liquid levels to the
brimful line. Weigh the filled containers to obtain the mass of the water, expressed to 2 decimal
places, for containers having a nominal volume less or equal to 30 mL, and expressed to 1
decimal place for containers having a nominal volume greater than 30 mL. Calculate the mean
value of the brimful capacity in mL, and multiply it by 0.9. This volume, expressed to 1 decimal
place, is the filling volume for the particular container lot.
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Ampules—Place at least 6 dry ampules on a flat, horizontal surface, and fill them with Purified
Water from a buret until the water reaches point A, where the body of the ampule decreases
to the shoulder of the ampule (see Figure 2). Read the capacities, expressed to 2 decimal
places, and calculate the mean value. This volume, expressed to 1 decimal place, is the filling
volume for the particular ampule lot. The filling volume may also be determined by weighing.

Figure 2. Filling Volumes of Ampules (up to point A)
Test—The determination is carried out on unused containers. The volumes of the test liquid
necessary for the final determination are indicated in Table 3.
Table 3. Volume of Test Liquid and Number of Titrations
Volume of Test
Liquid for One
Number of
Filling Volume (mL)
Titration (mL)
Titrations
Up to 3
25.0
1
Above 3 and up to 30
50.0
2
Above 30 and up to 100 100.0
2
Above 100
100.0
3
Cleaning—Remove any debris or dust. Shortly before the test, rinse each container carefully
at least twice with Purified Water, and allow to stand. Immediately before testing, empty the
containers, rinse once with Purified Water, then with Carbon Dioxide-Free Water and allow to
drain. Complete the cleaning procedure from the first rinsing in not less than 20 minutes and
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not more than 25 minutes. Heat closed ampules in a water bath or in an air-oven at about 50
for approximately 2 minutes before opening. Do not rinse before testing.
Filling and Heating—The containers are filled with Carbon Dioxide-Free Water up to the filling
volume. Containers in the form of cartridges or prefilled syringes are closed in a suitable manner
with material that does not interfere with the test. Each container, including ampules, shall be
loosely capped with an inert material such as a dish of neutral glass or aluminum foil previously
rinsed with Purified Water. Place the containers on the tray of the autoclave.
Place the tray in the autoclave containing a quantity of water such that the tray remains clear
of the water. Close the autoclave, and carry out the following operations:
1. heat the autoclave to 100 and allow the steam to issue from the vent cock for 10
minutes;
2. close the vent cock and raise the temperature from 100 to 121 at a rate of 1 per
minute;
3. maintain the temperature at 121 ± 1 for 60 ± 1 minutes;
4. lower the temperature from 121 to 100 at a rate of 0.5 per minute, venting to
prevent a vacuum;
5. do not open the autoclave before it has cooled down to 95 ;
6. remove the containers from the autoclave using normal precautions, place them in a
water bath at 80 , and run cold tap water, taking care that the water does not contact
the loose foil caps to avoid contamination of the extraction solution;
7. cooling time does not exceed 30 minutes.
The extraction solutions are analyzed by titration according to the method described below.
Method—Carry out the titration within 1 hour of removal of the containers from the autoclave.
Combine the liquids obtained from the containers, and mix. Introduce the prescribed volume
indicated in Table 3 into a conical flask. Place the same volume of Carbon Dioxide-Free Water
into a second similar flask as a blank. Add 0.05 mL of Methyl Red Solution to each flask for each
25 mL of liquid. Titrate the blank with 0.01 M hydrochloric acid. Titrate the test liquid with the
same acid until the color of the resulting solution is the same as that obtained for the blank.
Subtract the value found for the blank titration from that found for the test liquid, and express
the results in mL of 0.01 M hydrochloric acid per 100 mL. Express titration values of less than
1.0 mL to 2 decimal places and titration values of more than or equal to 1.0 mL to 1 decimal
place.
Limits—The results, or the average of the results if more than one titration is performed, are
not greater than the values stated in Table 4.
Table 4. Test Limits for Surface Glass Test
Maximum Volume of 0.01 M HCl per 100 mL of Test Liquid
(mL)
Filling Volume (mL)
Up to 1
Above 1 and Up to 2
Above 2 and Up to 5
Above 5 and Up to 10

Types I and II
2.0
1.8
1.3
1.0

Type III
20.0
17.6
13.2
10.2

PF 37(2): Mar.-Apr. 2011

Above
Above
Above
Above
200
Above
500
Above

87

10 and Up to 20
20 and Up to 50
50 and Up to 100
100 and Up to

0.80
0.60
0.50

8.1
6.1
4.8

0.40

3.8

200 and Up to

0.30

2.9

500

0.20

2.2
Water Attack at 121

Option—The Water Attack at 121 test can be used to qualify Type II glass.
Rinse thoroughly 3 or more containers, selected at random, twice with High-Purity Water.
Procedure—Fill each container to 90% of its overflow capacity with High-Purity Water, and
proceed as directed for Procedure under Powdered Glass Test, beginning with “Cap all flasks,”
except that the time of autoclaving shall be 60 minutes instead of 30 minutes, and ending with
“to prevent the formation of a vacuum.” Empty the contents from 1 or more containers into a
100-mL graduated cylinder, combining, in the case of smaller containers, the contents of
several containers to obtain a volume of 100 mL. Place the pooled specimen in a 250-mL
conical flask of resistant glass, add 5 drops of Methyl Red Solution, and titrate, while warm,
with 0.020 N sulfuric acid. Complete the titration within 60 minutes after opening the
autoclave. Record the volume of 0.020 N sulfuric acid used, corrected for a blank obtained by
titrating 100 mL of High-Purity Water at the same temperature and with the same amount of
indicator. The volume does not exceed that indicated in Table 5.
Table 5. Test Limit for Water Attack at 121
Limits
Type
II

General Descriptiona
Treated soda-lime glass

Type of Test
Water Attack

Size,b mL
mL of 0.020 N Acid
100 or less 0.7
Over 100 0.2

a The description applies to containers of this type of glass usually available.
b Size indicates the overflow capacity of the container.
Arsenic
Arsenic 211 —Use as the Test Preparation 35 mL of the water from one Type I glass
container or, in the case of smaller containers, 35 mL of the combined contents of several Type
I glass containers, prepared as directed for Procedure under Water Attack at 121 or Surface
Glass Test: the limit is 0.1 µg per g.

DESCRIPTION
Glass containers for pharmaceutical use are intended to come into direct contact with
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pharmaceutical products. Glass used for pharmaceutical containers is either borosilicate
(neutral) glass or soda-lime glass. Borosilicate glass contains significant amounts of boric oxide,
aluminum oxide, and alkali and/or alkaline earth oxides. Borosilicate glass has a high hydrolytic
resistance and a high thermal shock resistance due to the chemical composition of the glass
itself; it is classified as Type I glass. Soda-lime-silica glass is a silica glass containing alkaline
metal oxides, mainly sodium oxide; and alkaline earth oxides, mainly calcium oxide. Soda-limesilica glass has a moderate hydrolytic resistance due to the chemical composition of the glass
itself; it is classified as Type III glass. Suitable treatment of the inner surface of Type III sodalime-silica glass containers will raise the hydrolytic resistance from a moderate to a high level,
changing the classification of the glass to Type II.
The following recommendations can be made as to the suitability of the glass type for
containers for pharmaceutical products, based on the tests for hydrolytic resistance. Type I
glass containers are suitable for most products for parenteral and nonparenteral use. Type II
glass containers are suitable for most acidic and neutral aqueous products for parenteral and
non-parenteral uses. Type II glass containers may be used for alkaline parenteral products
where stability data demonstrate their suitability. Type III glass containers usually are not used
for parenteral products or for powders for parenteral use, except where suitable stability test
data indicate that Type III glass is satisfactory.
The inner surface of glass containers may be treated to improve hydrolytic resistance. The
outer surface of glass containers may be treated to reduce friction or for protection against
abrasion or breakage. The outer surface treatment is such that it does not contaminate the
inner surface of the container.
Glass may be colored to provide protection from light by the addition of small amounts of metal
oxides and is tested as described in Spectral Transmission for Colored Glass Containers. A clear
and colorless container that is made light resistant by means of an opaque enclosure (see
section 10.20.20, Light-Resistant Container, under General Notices and Requirements) is
exempt from the requirements for spectral transmission. Containers for aqueous parenteral
products are tested for arsenic release.
SPECIFIC TESTS
Hydrolytic Resistance
The following tests are designed to determine the resistance to water attack of new (not
previously used) glass containers. The degree of attack is determined by the quantity of alkali
released from the glass under the influence of the attacking medium under the conditions
specified. This quantity of alkali is extremely small in the case of the more resistant glasses,
thus calling for particular attention to all details of the tests and the use of apparatus of high
quality and precision. The tests should be conducted in an area relatively free from fumes and
excessive dust. Test selection and rationale are shown in Table 1.
Container Type
I, II, III
I, II, III
I, II

Table 1. Glass Types
Test
Reason
Glass Grains Test
Defines glass type
Surface Glass Test Defines glass type
Surface Etching Test Determines surface treatment
occurrence and distinguishes
between Type I and Type II glass
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The Glass Grains Test and the Surface Glass Test determine the glass type, and, as an
additional approach to comparing data from the Glass Grains Test and the Surface Glass Test,
the Surface Etching Test may be used to determine whether high hydrolytic resistance is due
to chemical composition or to surface treatment.
Apparatus—
Autoclave—For these tests, use an autoclave capable of maintaining a temperature of 121 ± 1
, equipped with a thermometer, a pressure gauge, a vent cock, and a tray of sufficient
capacity to accommodate the number of containers needed to carry out the test above the
water level. Clean the autoclave and other apparatus thoroughly with Purified Water before
use.
Mortar and Pestle—Use a hardened-steel mortar and pestle, made according to the
specifications in Figure 1.

Figure 1. Mortar and pestle for pulverizing glass.
Other Apparatus—Also required are a set of three square-mesh stainless steel sieves mounted
on frames consisting of US Sieve Nos. 25, 40, and 50 (see Particle Size Distribution Estimation
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by Analytical Sieving 786 , Table 1. Sizes of Standard Sieve Series in Range of Interest); a
tempered, magnetic steel hammer; a permanent magnet; weighing bottles; stoppers; metal foil
(e.g. aluminum, stainless steel); a hot air oven, capable of maintaining 140 ± 5 ; a balance,
capable of weighing up to 500 g with an accuracy of 0.005 g; a desiccator; and an ultrasonic
bath.
Reagents:
Carbon Dioxide-Free Water—This is Purified Water that has been boiled vigorously for 5 minutes
or more and allowed to cool while protected from absorption of carbon dioxide from the
atmosphere, or Purified Water that has a resistivity of not less than 18 Mohm-cm.
Methyl Red Solution—Dissolve 50 mg of methyl red in 1.86 mL of 0.1 M sodium hydroxide and 50
mL of ethanol (96%), and dilute with Purified Water to 100 mL. To test for sensitivity, add 100
mL of carbon dioxide-free water and 0.05 mL of 0.02 M hydrochloric acid to 0.1 mL of the
methyl red solution. The resulting solution should be red. Not more than 0.1 mL of 0.02 M
sodium hydroxide is required to change the color to yellow. A color change from red to yellow
corresponds to a change in pH from pH 4.4 (red) to pH 6.0 (yellow).
GLASS GRAINS TEST
The Glass Grains Test may be performed either on the canes used for the manufacture of
tubing glass containers or on the containers.
Sample Preparation—Rinse the containers to be tested with Purified Water, and dry in the
oven. Wrap at least three of the glass articles in clean paper, and crush to produce two
samples of about 100 g each in pieces not more than 30 mm across. Place in the mortar 30–40
g of the pieces between 10 and 30 mm across taken from one of the samples, insert the pestle,
and strike it heavily with the hammer once only. Transfer the contents of the mortar to the
coarsest sieve (No. 25) of the set. Repeat the operation until all fragments have been
transferred to the sieve. Shake the set of sieves for a short time by hand, and remove the
glass that remains on sieves No. 25 and No. 40. Submit these portions to further fracture,
repeating the operation until about 10 g of glass remains on sieve No. 25. Reject this portion
and the portion that passes through sieve No. 50. Reassemble the set of sieves, and shake for
5 minutes. Transfer to a weighing bottle the glass grains that passed through sieve No. 40 and
are retained on sieve No. 50. Repeat the crushing and sieving procedure with the second glass
sample until two samples of grains are obtained, each of which weigh more than 10 g.
Spread each sample on a piece of clean glazed paper, and remove any iron particles by passing
the magnet over them. Transfer each sample into a beaker for cleaning. Add 30 mL of acetone
to the grains in each beaker, and scour the grains, using suitable means such as a rubbertipped or plastic-coated glass rod. After scouring the grains, allow to settle, and decant as
much acetone as possible. Add another 30 mL of acetone, swirl, decant, and add a new portion
of acetone. Fill the bath of the ultrasonic vessel with water at room temperature, then place
the beaker in the rack, and immerse it until the level of the acetone is at the level of the
water; apply the ultrasound for 1 minute. Swirl the beaker, allow to settle, and decant the
acetone as completely as possible; then repeat the ultrasonic cleaning operation. If a fine
turbidity persists, repeat the ultrasonic cleaning and acetone washing until the solution remains
clear. Swirl, and decant the acetone. Dry the grains, first by putting the beaker on a warm
plate and then by heating at 140 for 20 minutes in a drying oven. Transfer the dried grains
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from each beaker into separate weighing bottles, insert the stoppers, and cool in a desiccator.
Method—
Filling and Heating—Weigh 10.00 g of the cleaned and dried grains into two separate conical
flasks. Pipet 50 mL of carbon dioxide-free Purified Water into each of the conical flasks (test
solutions). Pipet 50 mL of carbon dioxide-free Purified Water into a third conical flask that will
serve as a blank. Distribute the grains evenly over the flat bases of the flasks by shaking
gently. Close the flasks with neutral glass dishes or aluminum foil rinsed with Purified Water or
with inverted beakers so that the inner surfaces of the beakers fit snugly down onto the top
rims of the flasks. Place all three flasks in the autoclave containing the water at ambient
temperature, and ensure that they are held above the level of the water in the vessel. Carry
out the following operations:
1. Heat the autoclave to 100 , and allow the steam to issue from the vent cock for 10
minutes.
2. Close the vent cock, and raise the temperature from 100 to 121 at a rate of 1 per
minute.
3. Maintain the temperature at 121 ± 1 for 30 ± 1 minutes.
4. Lower the temperature from 121 to 100 at a rate of 0.5 per minute, venting to
prevent a vacuum.
5. Do not open the autoclave before it has cooled to 95 . Remove the containers from the
autoclave, using normal precautions, and cool the flasks in running tap water.
Titration—To each of the 3 flasks add 0.05 mL of Methyl red solution. Titrate the blank solution
immediately with 0.02 M hydrochloric acid, then titrate the test solutions until the color
matches that obtained with the blank solution. Subtract the titration volume for the blank
solution from that for the test solutions. Calculate the mean value of the results in mL of 0.02
M hydrochloric acid per gram of the sample and, if required, its equivalent in alkali extracted,
calculated as µg of sodium oxide per gram of glass grains: 1 mL of 0.02 M hydrochloric acid is
equivalent to 620 µg of sodium oxide. Repeat the test if the highest and lowest observed
values differ by more than 20%.
NOTE— Where necessary to obtain a sharp endpoint, decant the clear solution into a separate
250-mL flask. Rinse the grains by swirling with three 15-mL portions of Purified Water, and add
the washings to the main solution. Add 0.05 mL of the Methyl Red Solution. Titrate, and
calculate as before. In this case also add 45 mL of Purified Water and 0.05 mL of Methyl Red
Solution to the blank solution.
Limits— The volume does not exceed the values indicated in Table 2.
Table 2. Test Limits for Glass Grains Test
Maximum Volume of 0.02 M
HCl per g of Test Glass (mL)
Filling
Volume
Types II
(mL) Type I
and III
All
0.1
0.85
SURFACE GLASS TEST
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Determination of the Filling Volume—The filling volume is the volume of Purified Water to be
added to the container for the purpose of the test. For vials, bottles, cartridges, and syringes,
the filling volume is 90% of the brimful capacity. For ampuls, it is the volume up to the height of
the shoulder.
Vials and Bottles—Select six dry vials or bottles from the sample lot, or three if their capacity
exceeds 100 mL, and remove any dirt or debris. Weigh the empty containers with an accuracy
of 0.1 g. Place the containers on a horizontal surface, and fill them with Purified Water to about
the rim edge, avoiding overflow and the introduction of air bubbles. Adjust the liquid levels to
the brimful line. Weigh the filled containers to obtain the mass of the water expressed to 2
decimal places, for containers having a nominal volume less than or equal to 30 mL; and
expressed to 1 decimal place, for containers having a nominal volume greater than 30 mL.
Calculate the mean value of the brimful capacity in mL, and multiply it by 0.9. This volume,
expressed to 1 decimal place, is the filling volume for the particular container lot.
Cartridges and syringes—Select six dry syringes or cartridges, and seal the small opening
(mouth of cartridges; Luer cone or staked needle of syringes), using an inert material.
Determine the mean brimful capacity and filling volume according to Vials and bottles.
Ampuls—Place at least six dry ampuls on a flat, horizontal surface, and fill them with Purified
Water from a buret until the water reaches point A, where the body of the ampul starts to
decrease to the shoulder of the ampul (see Figure 2). Read the capacities, expressed to 2
decimal places, and calculate the mean value. This volume, expressed to 1 decimal place, is the
filling volume for the particular ampul lot. The filling volume may also be determined by
weighing.
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Figure 2. Filling volumes of ampuls up to point A.
Test—The determination is carried out on unused containers. The volumes of the test liquid
necessary for the final determination are shown in Table 3.
Table 3. Volume of Test Liquid and
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Number of Titrations
Volume of
Test
Liquid
Filling
for One
Volume (mL)
Titration (mL)
Up to 3
25.0
Above 3 and up to 30 50.0
Above 30 and up to 100 100.0
Above 100
100.0

Number
of
Titrations
1
2
2
3

Method—
Cleaning—Remove any debris or dust. Shortly before the test, rinse each container carefully at
least twice with Purified Water, and allow to stand. Immediately before testing, empty the
containers; rinse once with Purified Water, then with carbon dioxide-free water; and allow to
drain. Complete the cleaning procedure from the first rinsing in not less than 20 minutes and
not more than 25 minutes. Heat closed ampuls in a water bath or in an air oven at about 50
for approximately 2 minutes before opening. Do not rinse before testing.
Filling and Heating—The containers are filled with carbon dioxide-free water up to the filling
volume. Containers in the form of cartridges or prefillable syringes are closed in a suitable
manner with material that does not interfere with the test. Each container, including ampuls,
shall be loosely capped with an inert material such as a dish of neutral glass or aluminum foil
previously rinsed with Purified Water. Place the containers on the tray of the autoclave. Place
the tray in an autoclave containing a quantity of water such that the tray remains clear of the
water. Close the autoclave, and carry out the autoclaving procedure as described for the Glass
Grains Test, except that the temperature is maintained at 121 ± 1 for 60 ± 1 minutes. Remove
the containers from the autoclave using normal precautions, place them in a water bath at 80 ,
and run cold tap water into the water bath. To avoid contamination of the extraction solution,
take care that the water does not contact the loose foil caps. The cooling time does not
exceed 30 minutes. The extraction solutions are analyzed by titration according to the method
described below.
Titration—Carry out the titration within 1 hour of removal of the containers from the autoclave.
Combine the liquids obtained from the containers, and mix. Introduce the prescribed volume
(see Table 3) into a conical flask. Transfer the same volume of carbon dioxide-free water, to be
used as a blank, into a second similar flask. Add to each flask 0.05 mL of Methyl Red Solution
for each 25 mL of liquid. Titrate the blank with 0.01 M hydrochloric acid. Titrate the test liquid
with the same acid until the color of the resulting solution is the same as that obtained for the
blank. Subtract the value found for the blank titration from that found for the test liquid, and
express the results in mL of 0.01 M hydrochloric acid per 100 mL of test liquid. Express titration
values of less than 1.0 mL to two decimal places; express titration values of more than or equal
to 1.0 mL to 2 decimal places.
Limits—The results, or the average of the results if more than one titration is performed, are
not greater than the values stated in Table 4.
Table 4. Limit Values for the Surface Glass Test
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Maximum Volume
of 0.01 M HCl
per 100 mL of
Test Liquid (mL)
Filling Volume
Types I
(mL)
and II
Up to 1
2.0
Above 1 and up to 2
1.8
Above 2 and up to 5
1.3
Above 5 and up to 10
1.0
Above 10 and up to 20 0.80
Above 20 and up to 50 0.60
Above 50 and up to 100 0.50
Above 100 and up to 200 0.40
Above 200 and up to 500 0.30
Above 500
0.20

Type III
20.0
17.6
13.2
10.2
8.1
6.1
4.8
3.8
2.9
2.2

SURFACE ETCHING TEST
The Surface Etching Test is used in addition to the Surface Glass Test when it is necessary to
determine whether a container has been surface treated and/or to distinguish between Type I
and Type II glass containers. Alternatively, the Glass Grains Test and Surface Glass Test may
be used. The Surface Etching Test may be carried out either on unused samples or on samples
used in the Surface Glass Test.
Method—
Vials and Bottles—The volumes of test liquid required are shown in Table 3. Rinse the
containers twice with Purified Water, fill to the brimful point with a mixture of 1 volume of
hydrofluoric acid and 9 volumes of hydrochloric acid, and allow to stand for 10 minutes. Empty
the containers, and rinse carefully five times with Purified Water. Immediately before the test,
rinse once again with Purified Water. Submit these containers to the same autoclaving and
determination procedure as described for the Surface Glass Test. If the results are considerably
higher than those obtained from the original surfaces (by a factor of about 5 to 10), the
samples have been surface treated.
Ampuls, Cartridges, and Syringes—Apply the test method as described for Vials and Bottles. If
the ampuls, cartridges, and syringes are not surface treated, the values obtained are slightly
lower than those obtained in the previous tests. [Note—Ampuls, cartridges, and syringes made
from Type I glass tubing are not normally subjected to internal surface treatment. ]
Distinction Between Type I and Type II Glass Containers: The results obtained from the
Surface Etching Test are compared to those obtained from the Surface Glass Test. For Type I
glass containers, the values obtained are close to those found in the Surface Glass Test. For
Type II glass containers, the values obtained greatly exceed those found in the Surface Glass
Test; and they are similar to, but not larger than, those obtained for Type III glass containers
of the same filling volume.
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IMPURITIES
Arsenic

211

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

Flame-sealed
Containers
50
45

Containers
with
Closures
25
20
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2 and up to 5 40
5 and up to 10 35
10 and up to 20 30
20
25

15
13
12
10

1S (USP35)

1 A suitable mortar and pestle is available (catalog No. H-17280) from Humbolt Manufacturing C o., 7300 West
Agatite Avenue, Norridge, IL, 60706, www.humboldtmfg.com
2 A suitable nuclear-grade resin mixture of the strong acid cation exchanger in the hydrogen form and the
strong base anion exchanger in the hydroxide form, with a one-to-one cation to anion equivalence ratio, is
available from the Millipore C orp, 290 C oncord Road Billerica, MA, 01821, www.millipore.com; Barnstead
International, 2555 Kerper Boulevard Dubuque, IA, 52004, www.barnsteadthermolyne.com; GE Water, 4636
Somerton Road Trevose, PA, 19053, www.gewater.com; Pall, 2200 Northern Boulevard East Hills, NY 11548,
www.pall.com; Whatman, 200 Park Avenue Florham Park, NJ, 07932, www.whatman.com.; Siemens Water
Technologies, 14950 Heathrow Forest Pa, Houston, TX 77032, www.usfilter.com
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NEAR-INFRARED SPECTROSCOPY
INTRODUCTION

Near-infrared (NIR) spectroscopy is a branch of vibrational spectroscopy that shares many of
the principles that apply to other spectroscopic measurements. The NIR spectral region
comprises two subranges associated with detectors used in the initial development of NIR
instrumentation. The short-wavelength (Herschel or silicon region) extends from approximately
780 to 1100 nm (12,821–9000 cm–1); and longer wavelengths, between 1100 and 2500 nm,
compose the traditional (lead sulfide) NIR region. Applications of NIR spectroscopy use spectra
displayed in either wavelength or wavenumber units. As is the case with other spectroscopy
measurements, interactions between NIR radiation and matter provide information that can be
for both qualitative and quantitative assessment of the chemical composition of samples. In
addition, qualitative and quantitative characterization of a sample's physical properties can be
made because of the sample's influence on NIR spectra. Measurements can be made directly on
samples in situ in addition to applications during standard sampling and testing procedures.
Applications of qualitative analysis include identification of raw material, in-process sample, or
finished product. These applications often involve comparing an NIR spectrum from a sample to
reference spectra and assessing similarities against acceptance criteria developed and
validated for a specific application. In contrast, applications of quantitative analysis involve the
development of a predictive relationship between NIR spectral attributes and sample properties.
These applications typically use numerical models to quantitatively predict chemical and/or
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physical properties of the sample on the basis of NIR spectral attributes.
Vibrational spectroscopy in the NIR region is dominated by overtones and combinations that are
much weaker than the fundamental mid-IR vibrations from which they originate. Because molar
absorptivities in the NIR range are low, radiation can penetrate several millimeters into
materials, including solids. Many materials, such as glass, are relatively transparent in this
region. Fiber-optic technology is readily implemented in the NIR range, which allows monitoring
of processes in environments that might otherwise be inaccessible.
The instrument qualification tests and acceptance criteria provided in this chapter may not be
appropriate for all instrument configurations. In such cases, alternative instrument qualification
and performance checks should be scientifically justified and documented. In addition,
validation parameters discussed in this chapter may not be applicable for all applications of NIR
spectroscopy. Validation parameters characterized for a specific NIR application should
demonstrate suitability of the NIR application for its intended use.
Transmission and Reflection
The most common measurements performed in the NIR spectral range are transmission and
reflection spectroscopy. Incident NIR radiation is absorbed or scattered by the sample and is
measured as transmittance or reflectance, respectively. Transflection spectrometry is a hybrid
of transmission and reflection wherein a reflector is placed behind the sample so that the
optical path through the sample and back to the detector is doubled compared to a
transmission measurement of a sample of the same thickness. Transflection is used to describe
any double-pass transmission technique. The light may be reflected from a diffuse or specular
(mirror) reflector placed behind the sample. This configuration can be adapted to share
instrument geometry with certain reflection or fiber-optic probe systems in which the source
and the detector are on the same side of the sample.
transmittance, T, is a measure of the decrease in radiation intensity as a function of
wavelength when radiation is passed through a sample. The sample is placed in the optical
beam between the source and the detector. The results of both transmission and transflection
measurements are usually presented directly in terms of absorbance, i.e., log10 (1/T).
reflectance, R, is a measure of the ratio of the intensity of light reflected from the sample, I, to
that reflected from a background or reference reflective surface, IR. Most reflection
measurements in the NIR are made of scattering samples such as powders and slurries. For
such materials NIR radiation can penetrate a substantial distance into the sample, where it can
be absorbed when the wavelength of the radiation corresponds to a transition between the
ground vibrational state of the analyte and either a harmonic of a given vibrational mode (an
overtone) or the sum of two or more different modes (a combination band). Nonabsorbed
radiation is scattered back from the sample to the detector. NIR reflection spectra are
accessed by calculating and plotting log(1/R) versus wavelength. This logarithmic form is the
pseudo-absorbance of the material and is commonly called absorbance.
Factors That Affect NIR Spectra
The following list is not exhaustive, but it includes many of the major factors that affect NIR
spectra.
Sample Temperature—Sample temperature influences spectra obtained from aqueous
solutions and other hydrogen-bonded liquids, and a difference of a few degrees may result in
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significant spectral changes. Temperature may also affect spectra obtained from less polar
liquids, as well as solids that contain solvents and/or water.
Moisture and Solvent—Moisture and solvent present in the sample material and analytical
system may change the spectrum of the sample. Both absorption by moisture and solvent and
their influence on hydrogen bonding of the APIs and excipients can change the NIR spectrum.
Sample Thickness—Sample thickness is a known source of spectral variability and must be
understood and/or controlled. The sample thickness in transmission mode is typically controlled
by using a fixed optical path length for the sample. In diffuse reflection mode, the sample
thickness is typically controlled by using samples that are “infinitely thick” relative to the
detectable penetration depth of NIR light into a solid material. Here “infinite thickness” implies
that the reflection spectrum does not change if the thickness of the sample is increased.
Sample Optical Properties—In solids, both surface and bulk scattering properties of
calibration standards and analytical samples must be taken into account. Surface morphology
and refractive index properties affect the scattering properties of solid materials. For powder
materials, particle size and bulk density influence scattering properties and the NIR spectrum.
Polymorphism—Variation in crystalline structure (polymorphism) from materials with the same
chemical composition can influence NIR spectral response. Different polymorphs and amorphous
forms of solid material may be distinguished from one another on the basis of their NIR spectral
properties. Similarly, different crystalline hydration or solvation states of the same material can
display different NIR spectral properties.
Age of Samples—Samples may exhibit changes in their chemical, physical, or optical properties
over time. Care must be taken to ensure that both samples and standards used for NIR analysis
are suitable for the intended application.
Change to read:
INSTRUMENTATION
Apparatus
All NIR measurements are based on exposing material to incident NIR light radiation and
measuring the attenuation of the emerging (transmitted, scattered, or reflected) light. Several
spectrophotometers are available; they are based on different operating principles—for
example: filters, grating-based dispersive, acousto-optical tunable filter (AOTF), Fourier–
transform NIR (FT–NIR), and liquid crystal tunable filter (LCTF). Silicon, lead sulfide, indium
gallium arsenide, and deuterated triglycine sulphate are common detector materials.
Conventional cuvette sample holders, fiber-optic probes, transmission dip cells, and spinning or
traversing sample holders are common examples of sample interfaces for introducing the sample
to the optical train of a spectrometer.
The selection of specific NIR instrumentation and sampling accessories should be based on the
intended application, and particular attention should be paid to the suitability of the sampling
interface for the type of sample that will be analyzed.
Near-Infrared Reference Spectra
NIR references, by providing known stable measurements to which other measurements can be
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compared, are used to minimize instrumental variations that would affect the measurement.
Transmittance—The measurement of transmittance requires a background reference spectrum
for determining the absorption by the sample relative to the background. Suitable transmittance
reference materials depend on the specific NIR application and include air, an empty cell, a
solvent blank, or a reference sample.
Reflectance—The measurement of reflectance requires the measurement of a reference
reflection spectrum to determine the attenuation of reflected light relative to the unattenuated
incident beam. The reflectance spectrum is calculated as the ratio of the single-beam spectrum
of the sample to that of the reference material. Suitable reflectance reference materials
depend on the specific NIR application and include ceramic, perfluorinated polymers, gold, and
other suitable materials.
Qualification of NIR Instruments
Qualification—Qualification of an NIR instrument can be divided into three elements:
Installation Qualification (IQ); Operational Qualification (OQ); and Performance Qualification
(PQ). For further discussion, see Analytical Instrument Qualification

1058 .

Installation Qualification—The IQ requirements help ensure that the hardware and software are
installed to accommodate safe and effective use of the instrument at the desired location.
Operational Qualification—In operational qualification, an instrument's performance is
characterized using standards to verify that the system operates within target specifications.
The purpose of operational qualification is to demonstrate that instrument performance is
suitable. Because there are so many different approaches for measuring NIR spectra,
operational qualification using standards with known spectral properties is recommended. Using
external traceable reference standard materials does not justify omitting the instrument's
internal quality control procedures. As is the case with any spectroscopic device, wavelength
uncertainty, photometric linearity, and noise characteristics of NIR instruments should be
qualified against target specifications for the intended application.
Performance Qualification—Performance qualification demonstrates that the NIR measurement
consistently operates within target specifications defined by the user for a specific application;
it is often referred to as system suitability. Performance qualification for NIR measurements can
include comparing a sample or standard spectrum to previously recorded spectra. Comparisons
of spectra taken over time from identical and stable samples or reference standard materials
can form the basis for evaluating the long-term stability of an NIR measurement system. The
objective is to demonstrate that no abnormal wavelength shift or change in detector sensitivity
has occurred during ongoing analysis.
Characterizing Instrument Performance—Specific procedures, acceptance criteria, and time
intervals for characterizing NIR instrument performance depend on the instrument and intended
application. Many NIR applications use previously validated models that relate NIR spectral
response to a physical or chemical property of interest. Demonstrating stable instrument
performance over extended periods of time provides some assurance that reliable
measurements can be taken from sample spectra using previously validated NIR models.
Wavelength Uncertainty—NIR spectra from sample and/or reference standard materials can be
used to demonstrate an instrument's suitable wavelength dispersion performance against target
specifications. The USP Near IR System Suitability Reference Standard or the National Institute
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of Standards and Technology (NIST) Standard Reference Material (SRM) 2036 for reflectance
measurement and NIST SRM 2035 for transmittance measurement can be used for wavelength
verification. Suitable materials for demonstrating wavelength dispersion performance include
polystyrene, mixtures of rare earth oxides, and absorption by water vapor for instruments that
use an interferometer for wavelength dispersion. With appropriate justification, alternative
standards may be used. Wavelength uncertainty typically is characterized from a single
spectrum (collected with the same spectral resolution to obtain the standard value) using a
minimum of three peaks that cover a suitable spectral range of the instrument. Typical
tolerances for agreement with standard values are ±1.0 nm from approximately 700 to 2000 nm
and ±1.5 nm above 2000 nm to approximately 2500 nm (±8 cm–1 below 5000 cm–1 and ±4 cm–1
from 5000 cm–1 to approximately 14,000 cm–1) ±1.0 nm at 1200 and 1600 nm and ±1.5 nm at
2000 nm (±8 cm–1 at 8300 cm–1 and ±4 cm–1 at 6250 cm–1 and 5000 cm–1) 1S (USP34)
±1.0 nm below 2000 nm and ±1.5 nm from 2000 nm to 2500 nm. 1S (USP35)
Alternative tolerances may be used when justified for specific applications.
Photometric Linearity and Response Stability—NIR spectra from samples and/or reference
standard materials with known relative transmittance or reflectance can be used to
demonstrate a suitable relationship between NIR light attenuation (due to absorption) and
instrument response. For reflectance measurements, commercially-available reflectance
standards with known reflectance properties are often used. Spectra obtained from reflection
standards are subject to variability as a result of the difference between the experimental
conditions under which they were factory calibrated and those under which they are
subsequently put to use. Hence, the reflectance values supplied with a set of calibration
standards may not be useful in the attempt to establish an “absolute” calibration for a given
instrument. Provided that (1) the standards do not change chemically or physically, (2) the
same reference background is also used to obtain the standard values, and (3) the instrument
measures each standard under identical conditions (including precise sample positioning), the
reproducibility of the photometric scale will be established over the range of standards.
Subsequent measurements on the identical set of standards give information on long-term
stability. Photometric linearity is typically characterized using a minimum of four reference
standards in the range from 10% to 90% reflection (or transmission). NIR applications based on
measuring an absorbance larger than 1.0 may require standards with reflectivity properties
between 2% and 5% reflection (or transmission) for characterizing instrument performance at
low reflectance. The purpose is to demonstrate a linear relationship between NIR reflectance
and/or transmittance and instrument response over the scanning range of the instrument.
Typical tolerances for a linear relationship are 1.00 ± 0.05 for the slope and 0.00 ± 0.05 for the
intercept of a plot of the measured photometric response versus standard photometric
response. Alternative tolerances may occur when justified for specific applications.
Spectroscopic Noise—NIR instrument software may include built-in procedures to automatically
determine system noise and to provide a statistical report of noise or S/N over the instrument's
operating range. In addition, it may be desirable to supplement such checks with measurements
that do not rely directly on manufacturer-supplied procedures. Typical procedures involve
measuring spectra of traceable reference materials with high and low reflectance. Tolerances
for these procedures should demonstrate suitable S/N for the intended application.
high-flux noise—Instrument noise is evaluated at high-light flux by measuring reflectance or
transmittance of the reference standard, with the reference material (e.g., 99% reflection
standard) acting as both the sample and the background reference.

PF 37(2): Mar.-Apr. 2011

102

low-flux noise—The same procedure may be used with a lower-reflectivity reference material
(e.g., 10% reflectance standard) to determine system noise at reduced light flux. The source,
optics, detector, and electronics make significant contributions to the noise under these
conditions.
METHOD VALIDATION
Introduction
The objective of NIR method validation, as is the case with the validation of any analytical
procedure, is to demonstrate that the measurement is suitable for its intended purpose. NIR
spectroscopy is somewhat different from conventional analytical techniques because validation
of the former generally is achieved by the assessment of chemometric parameters, but these
parameters can still be related to the fundamental validation characteristics required for any
analytical method.
Data pretreatment is often a vital step in the chemometric analysis of NIR spectral data. Data
pretreatment can be defined as the mathematical transformation of NIR spectral data to
enhance spectral features and/or remove or reduce unwanted sources of variation prior to
using the spectrum. Calibration is the process of developing a mathematical relationship
between NIR spectral response and properties of samples. Many suitable chemometric
algorithms for data pretreatment and calibration exist; the selection should be based on sound
scientific judgment and suitability for the intended application.
Validation Parameters
Performance characteristics that demonstrate the suitability of NIR methods are similar to those
required for any analytical procedure. A discussion of the applicable general principles is found
in Validation of Compendial Procedures 1225 . These principles should be considered typical
for NIR procedures, but exceptions should be dealt with on a case-by-case basis. For
qualitative NIR methods, see chapter

1225 , Data Elements Required for Validation,

Category IV assays. For quantitative NIR methods, see chapter 1225 , Data Elements
Required for Validation, Category I and Category II assays. Specific acceptance criteria for
each validation parameter must be consistent with the intended use of the method. The
samples for validation should be independent of the calibration set.
Specificity—The extent of specificity testing depends on the intended application.
Demonstration of specificity in NIR methods is typically accomplished by using the following
approaches:
Qualitative—Identification testing is a common application of qualitative NIR spectroscopy.
Identification is achieved by comparing a sample spectrum to a reference spectrum or a library
of reference spectra. The specificity of the NIR identification method is demonstrated by
obtaining positive identification from samples coupled with negative results from materials that
should not meet criteria for positive identification. Materials to demonstrate specificity should
be based on sound scientific judgment and can include materials similar in visual appearance,
chemical structure, or name.
Quantitative—Quantitative applications of NIR spectroscopy typically involve establishing a
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mathematical relationship between NIR spectral response and a physical or chemical property of
interest. Demonstrating specificity against a physical or chemical property of interest is based
on interpreting both NIR spectral attributes and chemometric parameters in terms of the
intended application and may include the following:
Spectral regions in the calibration model can be correlated to a known NIR spectral
response associated with the property of interest.
Wavelengths used by regression analysis for the calibration (e.g., for multiple linear
regression [MLR] models) or the loading vector for each factor (e.g., for partial least
squares [PLS] or principal component regression [PCR] models) can be examined to
verify relevant spectroscopic information that is used for the mathematical model.
Variation in spectra from samples for calibration can be examined and interpreted as
expected spectral observations.
Variation in material composition and sample matrix may be shown to have no significant
effect on quantification of the property of interest within the specified method range.
Linearity—Quantitative NIR methods generally attempt to demonstrate a linear relationship
between NIR spectral response and the property of interest. Although demonstrating a linear
response is not required for all NIR applications, the model chosen, whether linear or not, should
properly represent the relationship.
Validation of linearity in NIR methods may be accomplished by examining a plot of NIR spectral
response versus actual or accepted values for the property of interest. Many statistical
methods are available for evaluation of the goodness of fit of the linear relationship. Other
applicable statistics and graphical methods may be as appropriate.
The correlation coefficient, r, may not be an informative measure of linearity. The square of the
(Pearson) correlation coefficient is a measure of the fraction of the data's variation that is
adequately modeled by the equation. Linearity depends on the standard error of the calibration
equation (and hence the reference method) and on the range of the calibration data. Thus,
although values very near 1.00, such as 0.99 or greater, typically indicate a linear relationship,
lower values do not distinguish between nonlinearity and variability around the line.
Range—The specified range of an NIR method depends on the specific application. The range
typically is established by confirming that the NIR method provides suitable measurement
capability (accuracy and precision) when applied to samples within extreme limits of the NIR
measurement. Controls must be used to ensure that results outside the validated range are not
accepted. In certain circumstances, it may not be possible or desirable to extend the validated
range to include sample variability outside the validated range. Extending the range of an NIR
method requires demonstration of suitable measurement capability within the limits of the
expanded range. Examples of situations in which only a limited sample range may be available
are samples from a controlled manufacturing process and in-process samples. A limited method
range does not preclude the use of an NIR method.
Accuracy—Accuracy in NIR methods is demonstrated by showing the closeness of agreement
between the value that is accepted as either a conventional true value or an accepted
reference value. Accuracy can be determined by direct comparison between NIR validation
results and actual or accepted reference values. Suitable agreement between NIR and
reference values is based on required measurement capability for a specific application. The
purpose is to demonstrate a linear relationship between NIR results and actual values. Accuracy
can be determined by agreement between the standard error of prediction (SEP) and the
standard error of the reference method for validation. The error of the reference method may
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be known on the basis of historical data, through validation results specific to the reference
method, or by calculating the standard error of the laboratory (SEL). Suitable agreement
between SEP and SEL is based on required measurement capability for a specific application.
Precision—The precision of an NIR method expresses the closeness of agreement between a
series of measurements under prescribed conditions. Two levels of precision should be
considered: repeatability and intermediate precision. The precision of an NIR method typically is
expressed as the relative standard deviation of a series of NIR method results and should be
suitable for the intended application. Demonstration of precision in NIR methods may be
accomplished using the following approaches:
Repeatability—Repeatability can be demonstrated by the following:
Statistical evaluation of a number of replicate measurements of the sample without
repositioning the sample between each individual spectral acquisition, or
Statistical evaluation of multiple NIR method results, each result from a replicate
analysis of a sample subsequent to re-positioning between spectral acquisitions
Intermediate Precision—Intermediate precision can be shown by the following:
Statistical evaluation of a number of replicate NIR measurements of the same or similar
samples in the Repeatability study by different analysts on different days.
Robustness—NIR measurement parameters selected to demonstrate robustness will vary
depending on the application and the sample's interface with the NIR instrument. Critical
measurement parameters associated with robustness often are identified and characterized
during method development. Typical measurement parameters include the following:
Effect of environmental conditions (e.g., temperature, humidity, and vibration)
Effect of sample temperature
Sample handling (e.g., probe depth, compression of material, sample depth/thickness,
sample presentation)
Influence of instrument changes (e.g., lamp change, warm-up time)
Ongoing Method Evaluation
Validated NIR methods should be subject to ongoing performance evaluation, which may include
monitoring accuracy, precision, and other suitable method parameters. If performance is
unacceptable, corrective action is necessary. It involves conducting an investigation to identify
the cause of change in method performance and may indicate that the NIR method is not
suitable for continued use. Improving the NIR method to meet measurement suitability criteria
may require additional method development and documentation of validation experiments
demonstrating that the improved method is suitable for the intended application. The extent of
revalidation required depends on the cause of change in method performance and the nature of
corrective action required in order to establish suitable method performance. Appropriate
change controls should be implemented to document ongoing method improvement activities.
Revalidation of a qualitative model may be necessary as a result of the following:
Addition of a new material to the spectral reference library
Changes in the physical properties of the material
Changes in the source of material supply
Identification of previously unknown critical attribute(s) of material(s)
Revalidation of a quantitative model may be necessary as a result of the following:
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Changes in the composition of the test sample or finished product
Changes in the manufacturing process
Changes in the sources or grades of raw materials
Changes in the reference analytical method
Major changes in instrument hardware
Outliers—Sample spectra that produce an NIR response that differs from the qualitative or
quantitative calibration model may produce an outlier. This does not necessarily indicate an
out-of-specification result; but rather an outlier indicates that further testing of the sample
may be required and is dependent on the particular NIR method. If subsequent testing of the
sample by an appropriate method indicates that the property of interest is within specifications,
then the sample meets its specifications. Outlier samples may be incorporated into an updated
calibration model subsequent to execution and documentation of suitable validation studies.
Method Transfer
Controls and measures for demonstrating the suitability of NIR method performance following
method transfer are similar to those required for any analytical procedure. Exceptions to
general principles for conducting method transfer for NIR methods should be justified on a caseby-case basis. The transfer of an NIR method is often performed by using an NIR calibration
model on a second instrument that is similar to the primary instrument used to develop and
validate the method. When a calibration model is transferred to another instrument, procedures
and criteria must be applied to demonstrate that the calibration model meets suitable
measurement criteria on the second instrument. The selection of an appropriate calibration
model transfer procedure should be based on sound scientific judgment.
GLOSSARY

absorbance, A, is represented by the equation:
A = –log T = log (1/T)
where T is the transmittance of the sample. Absorbance is also frequently given as:
A = log (1/R)
where R is the reflectance of the sample.
background spectrum is used for generating a sample spectrum with minimal contributions from
instrument response. It is also referred to as a reference spectrum or background reference.
The ratio of the sample spectrum to the background spectrum produces a transmittance or
reflectance spectrum dominated by NIR spectral response associated with the sample. In
reflection measurements, a highly reflective diffuse standard reference material is for the
measurement of the background spectrum. For transmission measurement, the background
spectrum may be measured with no sample present in the spectrometer or using a cell with the
solvent blank or a cell filled with appropriate reference material.
calibration model is a mathematical expression to relate the response from an analytical
instrument to the properties of samples.
diffuse reflectance is the ratio of the spectrum of radiated light penetrating the sample surface,
interacting with the sample, passing back through the sample's surface, and reaching the
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detector to the background spectrum. This is the component of the overall reflectance that
produces the absorption spectrum of the sample.
fiber-optic probes consist of two components: optical fibers that may vary in length and in the
number of fibers and a terminus, which contains specially designed optics for examination of the
sample matrix.
installation qualification is the documented collection of activities necessary to establish that
an instrument is delivered as designed and specified, is properly installed in the selected
environment, and that this environment is suitable for the instrument's intended purpose.
instrument bandwidth or resoluton is a measure of the ability of a spectrometer to separate
radiation of similar wavelengths.
multiple linear regression is a calibration algorithm to relate the response from an analytical
instrument to the properties of samples. The distinguishing feature of this algorithm is the use
of a limited number of independent variables. Linear-least-squares calculations are performed to
establish a relationship between these independent variables and the properties of the samples.
operational qualification is the process by which it is demonstrated and documented that an
instrument performs according to specifications and that it can perform the intended task. This
process is required following any significant change such as instrument installation, relocation,
or major repair.
overall reflectance is the sum of diffuse and specular reflectance.
partial least squares (pls) is a calibration algorithm to relate instrument responses to the
properties of samples. The distinguishing feature of this algorithm is that data concerning the
properties of the samples for calibration are used in the calculation of the factors to describe
instrument responses.
performance qualification is the process of using one or more well-characterized and stable
reference materials to verify consistent instrument performance. Performance qualification may
employ the same or different standards for different performance characteristics.
photometric linearity, also referred to as photometric verification, is the process of verifying
the response of the photometric scale of an instrument.
principal component regression (pcr) is a calibration algorithm to relate the response from an
analytical instrument to the properties of samples. This algorithm, which expresses a set of
independent variables as a linear combination of factors, is a method of relating these factors
to the properties of the samples for which the independent variables were obtained.
pseudo-absorbance, A, is represented by the equation:
A = –log R = log (1/R)
where R is the diffuse reflectance of the sample.
reference spectrum—See Background Spectrum.
reflectance is described by the equation:
R = I / IR
in which I is the intensity of radiation reflected from the surface of the sample and IR is the
intensity of radiation reflected from a background reference material and its incorporated losses
due to solvent absorption, refraction, and scattering.
root-mean-square (rms) noise is calculated by the equation:
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in which Ai is the absorbance for each data point; A is the mean absorbance over the spectral
segment; and N is the number of points per segment.
spectral reference library is a collection of spectra of known materials for comparison with
unknown materials. The term is commonly used in connection with qualitative methods of
spectral analysis (e.g., identification of materials).
specular (surface) reflectance is the reflectance of the front surface of the sample.
standard error of calibration (sec) is a measure of the capability of a model to fit reference
data. SEC is the standard deviation of the residuals obtained from comparing the known values
for each of the calibration samples to the values that are calculated from the calibration. SEC
should not be used as an assessment tool for the expected method accuracy (trueness and
precision of prediction) of the predicted value of future samples. The method accuracy should
generally be verified by calculating the standard error of prediction (SEP), using an independent
validation set of samples. An accepted method is to mark a part of the calibration set as the
validation set. This set is not fully independent but can be used as an alternative for the
determination of the accuracy.
standard error of cross-validation (SECV) is the standard deviation calculated using the leaveone-out method. In this method, one calibration sample is omitted from the calibration, and the
difference is found between the value for this sample calculated from its reference value and
the value obtained from the calibration calculated from all the other samples in the set. This
process is repeated for all samples in the set, and the SECV is the standard deviation of the
differences calculated for all the calibration samples. This procedure can also be performed with
a group of samples. Instead of leaving the sample out, a group of samples is left out. The SECV
is a measure of the model accuracy that one can expect when measuring future samples if not
enough samples are available for the SEP to be calculated from a completely independent
validation set.
standard error of the laboratory (sel) is a calculation based on repeated readings of one or
more samples to estimate the precision and/or accuracy of the reference laboratory method,
depending on how the data were collected.
standard error of prediction (sep) is a measure of model accuracy of an analytical method
based on applying a given calibration model to the spectral data from a set of samples different
from but similar to those used to calculate the calibration model. SEP is the standard deviation
of the residuals obtained from comparing the values from the reference laboratory to those
from the method under test for the specified samples. SEP provides a measure of the model
accuracy expected when one measures future samples.
surface reflectance, also known as specular reflection, is that portion of the radiation not
interacting with the sample but simply reflecting back from the sample surface layer (sample–air
interface).
transflection is a transmittance measurement technique in which the radiation traverses the
sample twice. The second time occurs after the radiation is reflected from a surface behind the
sample.
transmittance is represented by the equation:
T = I/I0 or T = 10A
in which I is the intensity of the radiation transmitted through the sample; I0 is the intensity of
the radiant energy incident on the sample and includes losses due to solvent absorption,
refraction, and scattering; and A is the absorbance.
BRIEFING
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2-Dimethylaminoethyl Methacrylate, page 918 of USP 34. It is proposed to correct the
chemical formula, the molecular weight, and the CAS number of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C97975

Comment deadline: May 31, 2011
Change to read:
2-Dimethylaminoethyl Methacrylate, CH2 CHCO2 CH2 CH2 N(CH3 )2 ——143.18 [2439-35-2]
C8 H15 NO2 ——157.2 [2867-47-2] 1S (USP35)
—Use a suitable grade.
BRIEFING
Sodium Bitartrate, USP 34 page 948. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)

Correspondence Number—C99459

Comment deadline: May 31, 2011
Change to read:
Sodium Bitartrate, NaHC4 H4 O6 ·H2 O—190.08 [526-94-3]
[6131-98-2]
—White crystals or a crystalline powder. Soluble in cold water.

1S (USP35)

Assay—Dissolve about 500 mg, accurately weighed, in 30 mL of water, add phenolphthalein TS,
and titrate with 0.1 N sodium hydroxide VS: each mL of 0.1 N sodium hydroxide is equivalent to
19.01 mg of NaHC4 H4 O6 ·H2 O. Between 99% and 100.5% is found.
Insoluble matter (Reagent test): not more than 1 mg, from 10 g (0.01%).
Chloride (Reagent test)—One g shows not more than 0.2 mg of Cl (0.02%).
Heavy metals (Reagent test)—Dissolve 4 g in 25 mL of water, add 2 drops of phenolphthalein
TS, and then add ammonia TS, dropwise, until the solution is slightly pink. Add 4 mL of 1 N
hydrochloric acid, dilute with water to 40 mL, and add 10 mL of hydrogen sulfide TS: any brown
color produced is not darker than that of a control containing 0.04 mg of added Pb (0.001%).
Sulfate (Reagent test, Method I)—One g shows not more than 0.2 mg of SO4 (0.02%).
BRIEFING
Sodium Borate, USP 34 page 948. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)

Correspondence Number—C98161

Comment deadline: May 31, 2011
Change to read:
Sodium Borate (Borax; Sodium Tetraborate), Na2 B4 O7 ·10H2 O—381.37 [1330-43-4]
[1303-96-4] 1S (USP35)
—Use ACS reagent grade.
[Note—Certified Borax is available from the National Institute of Standards and Technology,
Washington, DC, www.nist.gov, as standard sample No. 187. ]
BRIEFING
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Uridine, USP 34 page 959. It is proposed to correct the composition of the Mobile phase and
to add the information about the solvent used to prepare the Test solution in the Assay.
(HDQ:M. Marques.)

Correspondence Number—C98163

Comment deadline: May 31, 2011
Change to read:
Uridine, C9 H12 N2 O6 —244.20

[58-96-8]—White powder.

Assay—
MOBILE PHASE—Prepare a mixture of methanol and 0.2 M ammonium acetate (90:10),
(10:90), 1S (USP35)
and adjust with phosphoric acid to a pH of 7.0.
TEST SOLUTION: 0.5 mg per mL in water.

1S (USP35)

PROCEDURE—Inject about 20 µL of the Test solution into a liquid chromatograph (see
Chromatography 621 ), equipped with a 280-nm detector and a 4.6-mm × 15-cm column
that contains packing L1. The flow rate is about 2.0 mL per minute. The area of the C9 H12 N2 O6
peak is not less than 99% of the total peak area.
Melting range

741 : between 166 and 171 .

TEST SOLUTIONS
BRIEFING
Ammonium Sulfide TS, USP 34 page 966. It is proposed to update the specification of this
Test Solution.
(HDQ: M. Marques.)
Correspondence Number—C98162
Ammonium Sulfide TS—Saturate ammonia TS with hydrogen sulfide by bubbling hydrogen
sulfide gas through the solution for 1 minute. This solution must be freshly prepared. The
solution is not rendered turbid either by magnesium sulfate TS or by calcium chloride TS
(carbonate). This solution is unstable for use if an abundant precipitate of sulfur is present.
Use ACS reagent-grade Ammonium Sulfide Solution. 1S (USP35)
Residue on ignition: not more than 0.05%.
1S (USP35)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 34 page 985 and page 1780 of PF
36(6) [Nov.–Dec. 2010].
(HDQ.)
Correspondence Number—C89732
The following table is provided as a reminder for the pharmacist engaged in the typical
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dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Monograph Title
Add the following:
Abacavir Tablets
Acebutolol Hydrochloride Capsules
Acepromazine Maleate Tablets
Acetaminophen Capsules
Acetaminophen Tablets, Extended-Release
Acetaminophen Tablets
Acetaminophen and Aspirin Tablets
Acetaminophen, Aspirin, and Caffeine Tablets
Acetaminophen and Caffeine Tablets
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Capsules Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Tablets Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Capsules Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Tablets Containing at Least Three of the Following—
Acetaminophen, Chlorpheniramine Maleate, and Dextromethorphan
Hydrobromide Tablets
Acetaminophen and Codeine Phosphate Capsules
Acetaminophen and Codeine Phosphate Tablets
Acetaminophen and Diphenhydramine Citrate Tablets
Acetaminophen, Diphenhydramine Hydrochloride, and Pseudoephedrine
Hydrochloride Tablets
Acetaminophen and Pseudoephedrine Hydrochloride Tablets
Acetaminophen and Tramadol Hydrochloride Tablets
Acetazolamide Tablets
Acetohexamide Tablets
Acetohydroxamic Acid Tablets
Acitretin Capsules
Acyclovir Capsules
Acyclovir Tablets
Albendazole Tablets
Albuterol Tablets

Container
Specification
W 1S (USP34)
T
T, LR
T
T
T
T
T
T
T
T
T
T
T
T, LR
T, LR
T
T
T
T
T
W
T
W, LR
T
T
T
T, LR
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Alendronate Sodium Tablets

T

Add the following:
Alfuzosin Hydrochloride Extended-Release Tablets
Allopurinol Tablets
Alprazolam Tablets

T, LR
W
T, LR

2S (USP34)

Add the following:
Alprazolam Tablets, Extended-Release
Altretamine Capsules
Alumina and Magnesia Tablets
Alumina, Magnesia, and Calcium Carbonate Tablets
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets
Alumina, Magnesia, and Simethicone Tablets
Alumina and Magnesium Carbonate Tablets
Alumina, Magnesium Carbonate, and Magnesium Oxide Tablets
Alumina and Magnesium Trisilicate Tablets
Aluminum Carbonate Gel, Dried Basic, Capsules
Aluminum Carbonate Gel, Dried Basic, Tablets
Aluminum Hydroxide Gel, Dried, Capsules
Aluminum Hydroxide Gel, Dried, Tablets
Amantadine Hydrochloride Capsules
Amiloride Hydrochloride Tablets
Amiloride Hydrochloride and Hydrochlorothiazide Tablets
Aminobenzoate Potassium Capsules
Aminobenzoate Potassium Tablets
Aminocaproic Acid Tablets
Aminoglutethimide Tablets
Aminopentamide Sulfate Tablets
Aminophylline Tablets
Aminophylline Tablets, Delayed-Release
Aminosalicylate Sodium Tablets
Aminosalicylic Acid Tablets
Amitriptyline Hydrochloride Tablets
Amlodipine Besylate Tablets
Ammonium Chloride Tablets, Delayed-Release
Amodiaquine Hydrochloride Tablets
Amoxapine Tablets
Amoxicillin Capsules
Amoxicillin Tablets
Amoxicillin and Clavulanate Potassium Tablets
Amphetamine Sulfate Tablets
Ampicillin Capsules
Ampicillin Tablets

T,
T,
W
W
W
W
T
T
W
W
W
W
W
T
W
W
W
W
T
T,
W
T
T
T,
T,
W
T,
T
T
W
T
T
T
W
T
T

1S (USP34)

LR
LR

LR

LR
LR
LR
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Add the following:
Anagrelide Capsules
Anileridine Hydrochloride Tablets
Apomorphine Hydrochloride Tablets
Arginine Capsules
Arginine Tablets
Add the following:
Artemether and Lumefantrine Tablets
Ascorbic Acid Tablets
Aspirin Capsules
Aspirin Capsules, Delayed-Release
Aspirin Tablets
Aspirin Tablets, Buffered
Aspirin Tablets, Delayed-Release
Aspirin Tablets, Effervescent for Oral Solution
Aspirin Tablets, Extended-Release
Aspirin, Alumina, and Magnesia Tablets
Aspirin, Alumina, and Magnesium Oxide Tablets
Aspirin, Caffeine, and Dihydrocodeine Bitartrate Capsules
Aspirin and Codeine Phosphate Tablets
Aspirin, Codeine Phosphate, Alumina, and Magnesia Tablets
Astemizole Tablets
Atenolol Tablets
Atenolol and Chlorthalidone Tablets
Atropine Sulfate Tablets
Azatadine Maleate Tablets
Azathioprine Tablets
Azithromycin Capsules
Azithromycin Tablets
Bacampicillin Hydrochloride Tablets
Baclofen Tablets
Add the following:
Balsalazide Disodium Capsules
Barium Sulfate Tablets
Belladonna Extract Tablets
Benazepril Hydrochloride Tablets
Bendroflumethiazide Tablets
Benzonatate Capsules
Benztropine Mesylate Tablets
Beta Carotene Capsules
Betamethasone Tablets
Betaxolol Tablets

T
T,
T,
T,
T,

2S (USP34)

LR
LR
LR
LR

W, LR
2S (USP34)

T, LR
T
T
T
T
T
T
T
T
T
T
W, LR
W, LR
T
W
W
W
W
LR
W
T
T
W
T USP34
W
T, LR
W
T
T, LR
W
T, LR
T
T
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Bethanechol Chloride Tablets
Bicalutamide Tablets
Biperiden Hydrochloride Tablets
Bisacodyl Tablets
Bisacodyl Tablets, Delayed-Release
Bismuth Subsalicylate Tablets
Bisoprolol Fumarate Tablets
Bisoprolol Fumarate and Hydrochlorothiazide Tablets
Black Cohosh Tablets
Bromocriptine Mesylate Capsules
Bromocriptine Mesylate Tablets
Brompheniramine Maleate Tablets
Bumetanide Tablets
Bupropion Hydrochloride Tablets, Extended-Release
Buspirone Hydrochloride Tablets
Busulfan Tablets
Butabarbital Sodium Tablets
Butalbital, Acetaminophen, and Caffeine Capsules
Butalbital, Acetaminophen, and Caffeine Tablets
Butalbital and Aspirin Tablets
Butalbital, Aspirin, and Caffeine Capsules
Butalbital, Aspirin, and Caffeine Tablets
Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules
Cabergoline Tablets
Calcifediol Capsules
Calcium with Vitamin D Tablets
Calcium Acetate Tablets
Calcium Carbonate Tablets
Calcium Carbonate and Magnesia Tablets
Calcium Carbonate and Magnesia Chewable Tablets
Calcium Citrate Tablets
Calcium and Magnesium Carbonates Tablets
Calcium Gluconate Tablets
Calcium Lactate Tablets
Calcium Pantothenate Tablets
Calcium Phosphate, Dibasic Tablets
Capecitabine Tablets
Captopril Tablets
Captopril and Hydrochlorothiazide Tablets
Carbamazepine Tablets
Carbamazepine Tablets, Extended-Release
Carbenicillin Indanyl Sodium Tablets
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T
T
T
T
W
T
T,
W
T,
T,
T,
T
T,
W
T,
W
W
T
T
T
T
T
T,
T,
T,
T,
W
W
W
W
W
W
W
T
T
W
T
T
T
T
T
T

LR
LR
LR
LR
LR
LR

LR
LR
LR
LR
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Carbidopa and Levodopa Tablets
Add the following:
Carbidopa and Levodopa Tablets, Extended-Release
Carbinoxamine Maleate Tablets
Urea C14 Capsules
Carboxymethylcellulose Sodium Tablets
Carisoprodol Tablets
Carisoprodol and Aspirin Tablets
Carisoprodol, Aspirin, and Codeine Phosphate Tablets
Carprofen Tablets
Carteolol Hydrochloride Tablets
Carvedilol Tablets
Cascara Tablets
Castor Oil Capsules
Cat's Claw Capsules
Cat's Claw Tablets
Cefaclor Capsules
Cefaclor Chewable Tablets
Cefaclor Tablets, Extended-Release
Cefadroxil Capsules
Cefadroxil Tablets
Cefdinir Capsules
Cefixime Tablets
Cefpodoxime Proxetil Tablets
Cefprozil Tablets
Cefuroxime Axetil Tablets
Cephalexin Capsules
Cephalexin Tablets
Cephradine Capsules
Cephradine Tablets

114

W, LR
W,
LR 2S (USP34)
T, LR
T
T
W
W
W
T
T
T, LR
T, W
T
T, LR
T, LR
T
T
T, LR
T
T
T, LR
T
T
T
W
T
T
T
T

Add the following:
Cetirizine Hydrochloride Tablets

W

Add the following:
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Chloral Hydrate Capsules
Chlorambucil Tablets
Chloramphenicol Capsules
Chloramphenicol Tablets
Chlordiazepoxide Tablets
Chlordiazepoxide and Amitriptyline Hydrochloride Tablets
Chlordiazepoxide Hydrochloride Capsules

W USP34
T
W, LR
T
T
T, LR
T, LR
T, LR

2S (USP34)
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Chlordiazepoxide Hydrochloride and Clidinium Bromide Capsules
Chloroquine Phosphate Tablets
Chlorothiazide Tablets
Chlorpheniramine Maleate Capsules, ExtendedRelease
Chlorpheniramine Maleate Tablets
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Capsules,
ExtendedRelease
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Tablets,
ExtendedRelease
Chlorpheniramine Maleate and Pseudoephedrine Hydrochloride Capsules,
Extended-Release
Chlorpromazine Hydrochloride Tablets
Chlorpropamide Tablets
Chlortetracycline Hydrochloride Tablets
Chlorthalidone Tablets
Chlorzoxazone Tablets
Chlorzoxazone and Acetaminophen Capsules
Chondroitin Sulfate Sodium Tablets
Chromium Picolinate Tablets
Cimetidine Tablets
Cilostazol Tablets
Cinoxacin Capsules
Ciprofloxacin Tablets
Citalopram Tablets
Clarithromycin Tablets
Clarithromycin Tablets, Extended-Release
Clemastine Fumarate Tablets
Clindamycin Hydrochloride Capsules
Clofazimine Capsules
Clofibrate Capsules
Clomiphene Citrate Tablets
Clomipramine Hydrochloride Capsules
Clonazepam Tablets
Clonazepam Orally Disintegrating Tablets
Clonidine Hydrochloride Tablets
Clonidine Hydrochloride and Chlorthalidone Tablets
Clopidogrel Tablets
Clorazepate Dipotassium Tablets
Clotrimazole Vaginal Tablets
Red Clover Tablets
Cloxacillin Sodium Capsules
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T, LR
W
W
T
T

T, LR

T, LR
T, LR
W, LR
W
T, LR
W
T
T
T, LR
W
T, LR
T, LR
W
W
W
T
W
W
T
W
W, LR
W
W
T, LR
W, LR
W
W
W
T, LR
W
T, LR
T
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Clozapine Tablets
Cyanocobalamin Co 57 Capsules
Cyanocobalamin Co 58 Capsules
Cocaine Hydrochloride Tablets for Topical Solution
Codeine Phosphate Tablets
Codeine Sulfate Tablets
Colestipol Hydrochloride Tablets
Cortisone Acetate Tablets

W
W,
W,
W,
W,
W
T
W

Add the following:
Crypthecodinium cohnii Oil Capsules
Curcuminoids Capsules
Curcuminoids Tablets
Cromolyn Sodium for Inhalation (in Capsules)
Cyclizine Hydrochloride Tablets
Cyclobenzaprine Hydrochloride Tablets
Cyclophosphamide Tablets
Cycloserine Capsules
Cyclosporine Capsules
Cyproheptadine Hydrochloride Tablets
Danazol Capsules
Dantrolene Sodium Capsules
Dapsone Tablets
Dehydrocholic Acid Tablets
Demeclocycline Hydrochloride Capsules
Demeclocycline Hydrochloride Tablets
Desipramine Hydrochloride Tablets
Desogestrel and Ethinyl Estradiol Tablets
Dexamethasone Tablets
Dexchlorpheniramine Maleate Tablets
Dextroamphetamine Sulfate Capsules
Dextroamphetamine Sulfate Tablets
Diazepam Capsules
Diazepam Capsules, Extended-Release
Diazepam Tablets
Diazoxide Capsules
Dichlorphenamide Tablets
Diclofenac Potassium Tablets
Diclofenac Sodium Tablets, Delayed-Release
Diclofenac Sodium Tablets, Extended-Release
Dicloxacillin Sodium Capsules
Dicyclomine Hydrochloride Capsules
Dicyclomine Hydrochloride Tablets
Didanosine Tablets for Oral Suspension

T, LR
W, LR
W, LR
T, LR
T, LR
W
T
T
T
W
W
T
W, LR
W
T, LR
T, LR
T
W
W
T
T
W
T, LR
T, LR
T, LR
W
W
T, LR
T, LR
W
T
W
W
T

LR
LR
LR
LR

2S (USP34)
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Diethylcarbamazine Citrate Tablets
Diethylpropion Hydrochloride Tablets
Diethylstilbestrol Tablets
Diflunisal Tablets
Digitalis Capsules
Digitalis Tablets
Digitoxin Tablets
Digoxin Tablets
Dihydrotachysterol Capsules
Dihydrotachysterol Tablets
Dihydroxyaluminum Sodium Carbonate Tablets
Diltiazem Hydrochloride Tablets
Diltiazem Hydrochloride Capsules, ExtendedRelease
Dimenhydrinate Tablets
Diphenhydramine Hydrochloride Capsules
Diphenhydramine and Pseudoephedrine Capsules
Diphenoxylate Hydrochloride and Atropine Sulfate Tablets
Dipyridamole Tablets
Dirithromycin Tablets, Delayed-Release
Disopyramide Phosphate Capsules
Disopyramide Phosphate Capsules, ExtendedRelease
Disulfiram Tablets
Add the following:
Divalproex Sodium Capsules, Delayed-Release
Divalproex Sodium Tablets, Delayed-Release
Add the following:
Divalproex Sodium Tablets, Extended-Release
Docusate Calcium Capsules
Docusate Potassium Capsules
Docusate Sodium Capsules
Docusate Sodium Tablets
Dolasetron Mesylate Tablets

117

T
W
W
W
T
T
W
T
W, LR
W, LR
W
T, LR
T
W
T
T
W, LR
T, LR
T
W
W
T, LR
T, LR 1S (USP34)
T, LR
W 1S (USP34)
T
T
T
W
W

Add the following:
Donepezil Hydrochloride Tablets

W

Add the following:
Donepezil Hydrochloride Orally Disintegrating Tablets
Doxazosin Tablets
Doxepin Hydrochloride Capsules
Doxycycline Capsules
Doxycycline Hyclate Capsules

W 1S (USP34)
T
W
T, LR
T, LR

1S (USP34)
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Doxycycline Hyclate Capsules, DelayedRelease
Doxycycline Hyclate Tablets
Doxycycline Hyclate Tablets, Delayed-Release
Doxylamine Succinate Tablets
Dronabinol Capsules

T, LR
T, LR
T, LR
W, LR
W, LR

Add the following:
Drospirenone and Ethinyl Estradiol Tablets
Dydrogesterone Tablets
Dyphylline Tablets
Dyphylline and Guaifenesin Tablets

W
W
T
T

2S (USP34)

Add the following:
Efavirenz Capsules
Enalapril Maleate Tablets
Enalapril Maleate and Hydrochlorothiazide Tablets

W
W
W

1S (USP34)

Add the following:
Entacapone Tablets
Ephedrine Sulfate Capsules
Ergocalciferol Capsules
Ergocalciferol Tablets
Ergoloid Mesylates Capsules
Ergoloid Mesylates Tablets
Ergoloid Mesylates Tablets, Sublingual
Ergonovine Maleate Tablets
Ergotamine Tartrate Tablets
Ergotamine Tartrate Tablets, Sublingual
Ergotamine Tartrate and Caffeine Tablets
Erythromycin Capsules, Delayed-Release
Erythromycin Tablets
Erythromycin Tablets, Delayed-Release
Erythromycin Estolate Capsules
Erythromycin Estolate Tablets
Erythromycin Ethylsuccinate Tablets
Erythromycin Stearate Tablets

LR 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
W
W, LR
W, LR
W, LR
T
T
T
T
T
T
T

Add the following:
Escitalopram Tablets

W

Add the following:
Estazolam Tablets
Estradiol Tablets
Estradiol and Norethindrone Acetate Tablets
Estrogens, Conjugated Tablets
Estrogens, Esterified Tablets

T, LR
T, LR
W
W
W

2S (USP34)

USP35

PF 37(2): Mar.-Apr. 2011

Estropipate Tablets
Ethacrynic Acid Tablets
Ethambutol Hydrochloride Tablets
Ethchlorvynol Capsules
Ethinyl Estradiol Tablets
Ethionamide Tablets
Ethosuximide Capsules
Ethotoin Tablets
Ethynodiol Diacetate and Ethinyl Estradiol Tablets
Ethynodiol Diacetate and Mestranol Tablets
Etidronate Disodium Tablets
Etodolac Capsules
Etodolac Tablets
Etodolac Tablets, Extended-Release
Famotidine Tablets
Felodipine Tablets, Extended-Release
Fenofibrate Capsules
Fenoprofen Calcium Capsules
Fenoprofen Calcium Tablets
Ferrous Fumarate Tablets
Ferrous Fumarate and Docusate Sodium Tablets, Extended-Release
Ferrous Gluconate Capsules
Ferrous Gluconate Tablets
Ferrous Sulfate Tablets
Fexofenadine Hydrochloride Capsules
Fexofenadine Hydrochloride Tablets
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Finasteride Tablets
Fish Oil Containing Omega-3 Acids Capsules
Add the following:
Fish Oil Containing Omega-3 Acids Delayed-Release Capsules
Flavoxate Hydrochloride Tablets
Flecainide Acetate Tablets
Fluconazole Tablets
Flucytosine Capsules
Fludrocortisone Acetate Tablets
Fluoxetine Capsules
Fluoxetine Capsules, Delayed-Release
Fluoxetine Tablets
Fluoxymesterone Tablets
Fluphenazine Hydrochloride Tablets
Flurazepam Hydrochloride Capsules
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W
W
W
T, LR
W
W
T
T
W
W
T
T
T
W
W, LR
T
W
W
W
T
W
T
T
T
T, LR
W
W
T, LR
T, LR
T, LR
W, LR
W
W
T, LR
W
T, LR
T
T
W
T, LR
T, LR

USP35

PF 37(2): Mar.-Apr. 2011

Flurbiprofen Tablets
W
Flutamide Capsules
W, LR
Fluvastatin Capsules
T, LR
Fluvoxamine Maleate Tablets
T
Folic Acid Tablets
W
Fosinopril Sodium Tablets
T
Fosinopril Sodium and Hydrochlorothiazide Tablets
T
Furazolidone Tablets
T, LR
Furosemide Tablets
W, LR
Gabapentin Capsules
W
Gabapentin Tablets
W
Galantamine Tablets
W
Garlic Tablets, Delayed-Release
T
Gemfibrozil Capsules
T
Gemfibrozil Tablets
T
Ginger Capsules
W
Ginkgo Capsules
T, LR
Ginkgo Tablets
T, LR
American Ginseng Capsules
T, LR
American Ginseng Tablets
T, LR
Asian Ginseng Capsules
T, LR
Asian Ginseng Tablets
T, LR
Glimepiride Tablets
W
Glipizide Tablets
T
Glipizide and Metformin Hydrochloride Tablets
W
Glucosamine Tablets
T, LR
Glucosamine and Chondroitin Sulfate Tablets
T, LR
Glucosamine and Methylsulfonylmethane Tablets
T, LR
Glucosamine, Chondroitin Sulfate Sodium, and Methylsulfonylmethane Tablets T, LR
Glyburide Tablets
W
Glyburide and Metformin Hydrochloride Tablets
T, LR
Glycopyrrolate Tablets
T
Granisetron Hydrochloride Tablets
W, LR
Griseofulvin Capsules
T
Griseofulvin Tablets
T
Griseofulvin, Ultramicrosize Tablets
W
Guaifenesin Capsules
T
Guaifenesin Tablets
T
Guaifenesin and Pseudoephedrine Hydrochloride Capsules
T, LR
Guaifenesin, Pseudoephedrine Hydrochloride, and Dextromethorphan
Hydrobromide Capsules
T, LR
Guanabenz Acetate Tablets
T, LR
Guanadrel Sulfate Tablets
T, LR
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Guanethidine Monosulfate Tablets
Guanfacine Tablets
Guggul Tablets
Halazone Tablets for Solution
Haloperidol Tablets
Hexylresorcinol Lozenges
Homatropine Methylbromide Tablets
Hydralazine Hydrochloride Tablets
Add the following:
Hydrochlorothiazide Capsules
Hydrochlorothiazide Tablets
Hydrocodone Bitartrate Tablets
Hydrocodone Bitartrate and Acetaminophen Tablets
Hydrocodone Bitartrate and Homatropine Methylbromide Tablets
Hydrocortisone Tablets
Hydroflumethiazide Tablets
Hydromorphone Hydrochloride Tablets
Hydroxychloroquine Sulfate Tablets
Hydroxyurea Capsules
Hydroxyzine Hydrochloride Tablets
Hydroxyzine Pamoate Capsules
Hyoscyamine Tablets
Hyoscyamine Sulfate Tablets
Ibuprofen Tablets
Ibuprofen and Pseudoephedrine Hydrochloride Tablets
Imipramine Hydrochloride Tablets
Indapamide Tablets
Indomethacin Capsules
Indomethacin Capsules, Extended-Release
Sodium Iodide I 123 Capsules
Sodium Iodide I 131 Capsules
Iodoquinol Tablets
Iopanoic Acid Tablets
Ipodate Sodium Capsules
Irbesartan Tablets
Irbesartan and Hydrochlorothiazide Tablets
Isoniazid Tablets
Isopropamide Iodide Tablets
Isoproterenol Hydrochloride Tablets
Isosorbide Dinitrate Capsules, ExtendedRelease
Isosorbide Dinitrate Tablets
Isosorbide Dinitrate Tablets, Chewable
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W
T, LR
W, LR
T, LR
T, LR
W
T, LR
T, LR
W 1S (USP34)
W
T, LR
T, LR
T, LR
W
T
T, LR
T, LR
T
T
W
W, LR
T, LR
W
T
T
W
W
W
W
W
W
T, LR
T
W
W
W, LR
W
W, LR
W
W
W

PF 37(2): Mar.-Apr. 2011

Isosorbide Dinitrate Tablets, Extended-Release
Isosorbide Dinitrate Tablets, Sublingual
Isosorbide Mononitrate Tablets
Isosorbide Mononitrate Tablets, ExtendedRelease
Isotretinoin Capsules
Isoxsuprine Hydrochloride Tablets
Isradipine Capsules
Ivermectin Tablets
Ivermectin and Pyrantel Pamoate Tablets
Kanamycin Sulfate Capsules
Ketoconazole Tablets

122

W
W
T
T
T
T
T
W
T, LR
T
W

Add the following:
Ketoprofen Capsules
Ketoprofen Capsules, Extended-Release
Ketorolac Tromethamine Tablets
Labetalol Hydrochloride Tablets
Lamivudine and Zidovudine Tablets

T USP35
T
W
T, LR
W, LR

Add the following:
Lamotrigine Tablets
Lansoprazole Capsules, Delayed-Release

W
T

Add the following:
Lamotrigine Tablets for Oral Suspension
Leflunomide Tablets
Letrozole Tablets
Leucovorin Calcium Tablets
Levamisole Hydrochloride Tablets

T, LR
T, LR
T
W, LR
W

Add the following:
Levetiracetam Tablets
Levocarnitine Tablets
Levodopa Capsules
Levodopa Tablets
Levonorgestrel and Ethinyl Estradiol Tablets
Levorphanol Tartrate Tablets
Levothyroxine Sodium Tablets
Lincomycin Hydrochloride Capsules
Alpha Lipoic Acid Capsules
Alpha Lipoic Acid Tablets
Liothyronine Sodium Tablets
Liotrix Tablets
Lisinopril Tablets
Lisinopril and Hydrochlorothiazide Tablets

T USP34
T
T, LR
T, LR
W
W
T, LR
T
W
W
T
T
T
W

USP34

USP35

PF 37(2): Mar.-Apr. 2011
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Lithium Carbonate Capsules
Lithium Carbonate Tablets
Lithium Carbonate Tablets, Extended-Release
Loperamide Hydrochloride Capsules
Loracarbef Capsules
Loratadine Tablets

W
W
W
W
W
T

Add the following:
Loratadine and Pseudoephedrine Sulfate Tablets, Extended-Release

LR

Add the following:
Loratadine Orally Disintegrating Tablets

2S (USP34)

Lorazepam Tablets
Losartan Potassium Tablets
Losartan Potassium and Hydrochlorothiazide Tablets
Lovastatin Tablets
Loxapine Capsules
Lysine Hydrochloride Tablets
Magaldrate Tablets
Magaldrate and Simethicone Tablets
Magnesia Tablets
Magnesia and Alumina Tablets
Magnesium Gluconate Tablets
Magnesium Oxide Capsules
Magnesium Oxide Tablets
Magnesium Salicylate Tablets
Magnesium Trisilicate Tablets
Maprotiline Hydrochloride Tablets
Mazindol Tablets
Mebendazole Tablets
Mecamylamine Hydrochloride Tablets
Meclizine Hydrochloride Tablets
Meclofenamate Sodium Capsules
Medroxyprogesterone Acetate Tablets
Mefenamic Acid Capsules

T
T,
T,
T,
W
T
W
W
W
W
W
W
W
W
T
W
W
T
W
W
W
T,
W
T

Add the following:
Mefloquine Hydrochloride Tablets
Megestrol Acetate Tablets
Meloxicam Tablets
Melphalan Tablets
Menadiol Sodium Diphosphate Tablets
Meperidine Hydrochloride Tablets
Mephenytoin Tablets
Mephobarbital Tablets

T, LR
W
W
W, LR
W, LR
W, LR
W
W

2S (USP34)

LR
LR
LR

LR

1S (USP34)

PF 37(2): Mar.-Apr. 2011

Meprobamate Tablets
Mercaptopurine Tablets
Mesalamine Capsules, Extended-Release
Mesalamine Tablets, Delayed-Release
Mesoridazine Besylate Tablets
Metaproterenol Sulfate Tablets
Metformin Hydrochloride Tablets
Metformin Hydrochloride Tablets, Extended-Release
Methacycline Hydrochloride Capsules
Methadone Hydrochloride Tablets
Methamphetamine Hydrochloride Tablets
Methazolamide Tablets
Methdilazine Hydrochloride Tablets
Methenamine Tablets
Methenamine Hippurate Tablets
Methenamine Mandelate Tablets
Methenamine Mandelate Tablets, DelayedRelease
Methimazole Tablets
Methocarbamol Tablets
Methotrexate Tablets
Methoxsalen Capsules
Methscopolamine Bromide Tablets
Methsuximide Capsules
Methyclothiazide Tablets
Methylcellulose Tablets
Methyldopa Tablets
Methyldopa and Chlorothiazide Tablets
Methyldopa and Hydrochlorothiazide Tablets
Methylergonovine Maleate Tablets
Methylphenidate Hydrochloride Tablets
Methylphenidate Hydrochloride Tablets,
Extended-Release
Methylprednisolone Tablets
Methylsulfonylmethane Tablets
Methyltestosterone Capsules
Methyltestosterone Tablets
Methysergide Maleate Tablets
Metoclopramide Tablets
Metolazone Tablets
Metoprolol Succinate Tablets, ExtendedRelease
Metoprolol Tartrate Tablets
Metoprolol Tartrate and Hydrochlorothiazide Tablets
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W
W
T, LR
T
W, LR
W, LR
T
W, LR
T, LR
W
T, LR
W
T, LR
W
W
W
W
W, LR
T
W
T, LR
T
T
W
W
W
W
W
T, LR
T
T
T
T, LR
W
W
T
T, LR
T, LR
T
T, LR
T, LR

PF 37(2): Mar.-Apr. 2011
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Metronidazole Capsules
Metronidazole Tablets
Metyrapone Tablets
Metyrosine Capsules
Mexiletine Hydrochloride Capsules

W, LR
W, LR
T, LR
W
T

Add the following:
Midodrine Hydrochloride Tablets
Minerals Capsules
Minerals Tablets
Minocycline Hydrochloride Capsules
Minocycline Hydrochloride Tablets
Minoxidil Tablets
Mirtazapine Tablets
Mirtazapine Orally Disintegrating Tablets
Mitotane Tablets
Modafinil Tablets
Molindone Hydrochloride Tablets
Moricizine Hydrochloride Tablets
Morphine Sulfate Capsules, Extended-Release

W 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T
T, LR
LR
T, LR
T
T, LR
T
T, LR

Add the following:
Morphine Sulfate Tablets, Extended-Release
Mycophenolate Mofetil Capsules
Mycophenolate Mofetil Tablets
Nabumetone Tablets
Nadolol Tablets
Nadolol and Bendroflumethiazide Tablets
Nafcillin Sodium Capsules
Nafcillin Sodium Tablets
Nalidixic Acid Tablets
Naltrexone Hydrochloride Tablets
Naproxen Tablets
Naproxen Tablets, Delayed-Release
Naproxen Sodium Tablets
Naratriptan Tablets
Nateglinide Tablets
Nefazodone Hydrochloride Tablets
Neomycin Sulfate Tablets
Neostigmine Bromide Tablets
Nevirapine Tablets
Niacin Tablets
Niacinamide Tablets
Nifedipine Capsules

T, LR
W, LR
W, LR
W
T
T
T
T, LR
T
T
W
W
W
T
T
T
T
T
W
W
T
T, LR

2S (USP34)
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Nifedipine Tablets, Extended-Release
Nitrofurantoin Capsules
Nitrofurantoin Tablets
Nitroglycerin Tablets
Nitroglycerin Tablets, Sublingual
Norethindrone Tablets
Norethindrone and Ethinyl Estradiol Tablets
Norethindrone and Mestranol Tablets
Norethindrone Acetate Tablets
Norethindrone Acetate and Ethinyl Estradiol Tablets
Norfloxacin Tablets
Norgestimate and Ethinyl Estradiol Tablets
Norgestrel Tablets
Norgestrel and Ethinyl Estradiol Tablets
Nortriptyline Hydrochloride Capsules
Nystatin Tablets
Nystatin Vaginal Tablets
Ofloxacin Tablets
Olanzapine Tablets
Oleovitamin A and D Capsules

T, LR
T
T, LR
T
T
W
W
W
W
W
W
W
W
W
T
T, LR
W, LR
W
T, LR
T, LR

Add the following:
Olanzapine and Fluoxetine Capsules
Omeprazole Capsules, Delayed-Release
Ondansetron Tablets
Ondansetron Orally Disintegrating Tablets
Orbifloxacin Tablets

T 1S (USP34)
T, LR
T, LR
L, R
T

Add the following:
Orlistat Capsules
Orphenadrine Citrate Tablets, Extended-Release
Oseltamivir Phosphate Capsules
Oxacillin Sodium Capsules
Oxandrolone Tablets
Oxaprozin Tablets
Oxazepam Capsules
Oxazepam Tablets

T 2S (USP34)
T, LR
W
T
T, LR
T, LR
W
W

Add the following:
Oxcarbazepine Tablets
Oxprenolol Hydrochloride Tablets
Oxprenolol Hydrochloride Tablets, ExtendedRelease
Oxtriphylline Tablets
Oxtriphylline Tablets, Delayed-Release

W 2S (USP34)
W, LR
W, LR
T
T

PF 37(2): Mar.-Apr. 2011

Oxtriphylline Tablets, Extended-Release
Oxybutynin Chloride Tablets
Oxybutynin Chloride Tablets, ExtendedRelease
Oxycodone Hydrochloride Tablets
Oxycodone Hydrochloride Tablets, ExtendedRelease
Oxycodone and Acetaminophen Capsules
Oxycodone and Acetaminophen Tablets
Oxycodone and Aspirin Tablets
Oxymetholone Tablets
Oxytetracycline Tablets
Oxytetracycline and Nystatin Capsules
Oxytetracycline Hydrochloride Capsules
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Vaginal Tablets
Pancreatin Tablets
Pancrelipase Capsules
Pancrelipase Capsules, Delayed-Release
Pancrelipase Tablets
Pantoprazole Sodium Delayed-Release Tablets
Papain Tablets for Topical Solution
Papaverine Hydrochloride Tablets
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T
T, LR
T
T, LR
T,
T,
T,
T,
W
T,
T,
T,
W
T
T
T
T
W
T,
T

LR
LR
LR
LR
LR
LR
LR

LR

Delete the following:
Paramethasone Acetate Tablets
Paromomycin Sulfate Capsules
Paroxetine Tablets
Penbutolol Sulfate Tablets
Penicillamine Capsules
Penicillamine Tablets
Penicillin G Benzathine Tablets
Penicillin G Potassium Tablets
Penicillin V Tablets
Penicillin V Potassium Tablets
Pentazocine and Acetaminophen Tablets
Pentazocine and Aspirin Tablets
Pentazocine and Naloxone Tablets

W USP34
T
T
W, LR
T
T
T
T
T
T
T, LR
T, LR
T, LR

Delete the following:
Pentobarbital Sodium Capsules
Pentoxifylline Tablets, Extended-Release
Perphenazine Tablets
Perphenazine and Amitriptyline Hydrochloride Tablets
Phenazopyridine Hydrochloride Tablets
Phendimetrazine Tartrate Capsules

T 1S (USP34)
W
T, LR
W
T
T

PF 37(2): Mar.-Apr. 2011

Phendimetrazine Tartrate Tablets
Phenelzine Sulfate Tablets
Phenmetrazine Hydrochloride Tablets
Phenobarbital Tablets
Phenoxybenzamine Hydrochloride Capsules
Phensuximide Capsules
Phentermine Hydrochloride Capsules
Phentermine Hydrochloride Tablets
Phenylbutazone Tablets
Phenylpropanolamine Hydrochloride Capsules
Phenylpropanolamine Hydrochloride Capsules, Extended-Release
Phenylpropanolamine Hydrochloride Tablets
Phenylpropanolamine Hydrochloride Tablets, Extended-Release
Phenytoin Tablets
Phenytoin Sodium Capsules, Extended
Phenytoin Sodium Capsules, Prompt
Phytonadione Tablets
Pilocarpine Hydrochloride Tablets
Pimozide Tablets
Pindolol Tablets
Add the following:
Pioglitazone Tablets
Piperazine Citrate Tablets
Piroxicam Capsules
Potassium Bicarbonate Effervescent Tablets for Oral Solution
Potassium Bicarbonate and Potassium Chloride Effervescent Tablets for Oral
Solution
Potassium and Sodium Bicarbonates and Citric Acid Effervescent Tablets for
Oral Solution
Potassium Chloride Capsules, Extended-Release
Potassium Chloride Tablets, Extended-Release
Potassium Chloride, Potassium Bicarbonate, and Potassium Citrate
Effervescent Tablets for Oral Solution
Potassium Citrate Tablets
Potassium Citrate Tablets, Extended-Release
Potassium Gluconate Tablets
Potassium Iodide Tablets
Potassium Iodide Tablets, Delayed-Release
Potassium Perchlorate Capsules
Pravastatin Sodium Tablets
Praziquantel Tablets
Prazosin Hydrochloride Capsules
Prednisolone Tablets
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W
T
T
W
W
T
T
T
T
T, LR
T, LR
T, LR
T, LR
W
T
T
W, LR
T
T, LR
W, LR
T USP34
T
T, LR
T
T
T
T
T
T
W
T
T
T
T
T, LR
T
T
W, LR
W

PF 37(2): Mar.-Apr. 2011

Prednisone Tablets
Primaquine Phosphate Tablets
Primidone Tablets
Probenecid and Colchicine Tablets
Probucol Tablets
Procainamide Hydrochloride Capsules
Procainamide Hydrochloride Tablets
Procarbazine Hydrochloride Capsules
Prochlorperazine Maleate Tablets
Procyclidine Hydrochloride Tablets
Promazine Hydrochloride Tablets
Promethazine Hydrochloride Tablets
Propantheline Bromide Tablets
Propoxyphene Hydrochloride Capsules
Propoxyphene Hydrochloride and Acetaminophen Tablets
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules
Propoxyphene Napsylate Tablets
Propoxyphene Napsylate and Acetaminophen Tablets
Propoxyphene Napsylate and Aspirin Tablets
Propranolol Hydrochloride Capsules, Extended-Release
Propranolol Hydrochloride Tablets
Propranolol Hydrochloride and Hydrochlorothiazide Capsules, ExtendedRelease
Propranolol Hydrochloride and Hydrochlorothiazide Tablets
Propylthiouracil Tablets
Protriptyline Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets, Extended-Release
Pygeum Capsules
Pyrazinamide Tablets
Pyridostigmine Bromide Tablets
Pyridoxine Hydrochloride Tablets
Pyrilamine Maleate Tablets
Pyrimethamine Tablets
Pyrvinium Pamoate Tablets
Quazepam Tablets
Quinapril Tablets
Quinidine Gluconate Tablets, Extended-Release
Quinidine Sulfate Capsules
Quinidine Sulfate Tablets
Quinidine Sulfate Tablets, Extended-Release
Quinine Sulfate Capsules
Quinine Sulfate Tablets
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W
W, LR
W
W, LR
W, LR
T
T
T, LR
W
T
T, LR
T, LR
W
T
T
T
T
T
T
W
W, LR
W
W
W
T
T
T
T
W
T
W
W
T, LR
T, LR
W
W
W, LR
T, LR
W, LR
W, LR
T
W

PF 37(2): Mar.-Apr. 2011
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Raloxifene Hydrochloride Tablets
Ramipril Capsules
Ranitidine Tablets
Rauwolfia Serpentina Tablets
Reserpine Tablets
Reserpine and Chlorothiazide Tablets
Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets
Reserpine and Hydrochlorothiazide Tablets

T
W
T,
T,
T,
T,
T,
T,

Add the following:
Ribavirin Capsules
Ribavirin Tablets
Riboflavin Tablets
Rifabutin Capsules
Rifampin Capsules
Rifampin and Isoniazid Capsules
Rifampin, Isoniazid, and Pyrazinamide Tablets
Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride Tablets
Riluzole Tablets
Rimantadine Hydrochloride Tablets
Risedronate Sodium Tablets

W 2S (USP34)
T
T, LR
W
T, LR
T, LR
T, LR
T, LR
W, LR
T, LR
W

Add the following:
Risperidone Orally Disintegrating Tablets
Risperidone Tablets
Ritodrine Hydrochloride Tablets

W, LR
T, LR
T

Add the following:
Rivastigmine Tartrate Capsules

T

Add the following:
Ropinirole Tablets
Saccharin Sodium Tablets
Salsalate Capsules
Salsalate Tablets
Saquinavir Capsules
Saw Palmetto Capsules

W 1S (USP34)
W
T
T
T
T, LR

Add the following:
Schizochytrium Oil Capsules
Scopolamine Hydrobromide Tablets
Secobarbital Sodium Capsules
Secobarbital Sodium and Amobarbital Sodium Capsules
Selegiline Hydrochloride Tablets
Sennosides Tablets

T, LR
T, LR
T
W
T, LR
W

Add the following:
Sertraline Tablets

W

LR
LR
LR
LR
LR
LR

USP35

USP34

2S (USP34)

USP34

PF 37(2): Mar.-Apr. 2011
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Simethicone Capsules
Simethicone Tablets
Simvastatin Tablets
Sodium Bicarbonate Tablets
Sodium Chloride Tablets
Sodium Chloride Tablets for Solution
Sodium Chloride and Dextrose Tablets
Sodium Fluoride Tablets
Sodium Salicylate Tablets
Sotalol Hydrochloride Tablets
Soy Isoflavones Capsules
Soy Isoflavones Tablets
Spironolactone Tablets
Spironolactone and Hydrochlorothiazide Tablets
Stanozolol Tablets
Stavudine Capsules
Sulfadiazine Tablets
Sulfadimethoxine Tablets
Sulfadoxine and Pyrimethamine Tablets
Sulfamethizole Tablets
Sulfamethoxazole Tablets
Sulfamethoxazole and Trimethoprim Tablets
Sulfapyridine Tablets
Sulfasalazine Tablets
Sulfasalazine Tablets, Delayed-Release
Sulfinpyrazone Capsules
Sulfinpyrazone Tablets
Sulfisoxazole Tablets
Sulindac Tablets
Sumatriptan Tablets

W
W
T
W
W
W
W
T
W
W, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T
W, LR
T, LR
W, LR
W
W, LR
W, LR
W, LR
W
W
W
W
W, LR
W
W

Add the following:
Tacrolimus Capsules
Tamoxifen Citrate Tablets
Tamsulosin Hydrochloride Capsules
Telmisartan Tablets

T 2S (USP34)
W, LR
T
W

Add the following:
Telmisartan and Hydrochlorothiazide Tablets
Temazepam Capsules

W 1S (USP34)
W, LR

Add the following:
Terazosin Capsules

W,
LR 1S (USP34)

PF 37(2): Mar.-Apr. 2011

Add the following:
Terazosin Tablets
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W,
LR 1S (USP34)

Add the following:
Terbinafine Tablets
Terbutaline Sulfate Tablets
Testolactone Tablets
Tetracycline Hydrochloride Capsules
Tetracycline Hydrochloride Tablets
Tetracycline Hydrochloride and Novobiocin Sodium Tablets
Tetracycline Hydrochloride, Novobiocin Sodium, and Prednisolone Tablets
Tetracycline Hydrochloride and Nystatin Capsules
Thalidomide Capsules
Theophylline Capsules
Theophylline Capsules, Extended-Release
Theophylline Tablets
Theophylline, Ephedrine Hydrochloride, and Phenobarbital Tablets
Theophylline and Guaifenesin Capsules
Theophylline Sodium Glycinate Tablets
Thiabendazole Tablets
Thiamine Hydrochloride Tablets
Thiethylperazine Maleate Tablets
Thioguanine Tablets
Thioridazine Hydrochloride Tablets
Thiothixene Capsules
Thyroid Tablets
Ticlopidine Hydrochloride Tablets
Timolol Maleate Tablets
Timolol Maleate and Hydrochlorothiazide Tablets
Tizanidine Tablets
Tocainide Hydrochloride Tablets
Tolazamide Tablets
Tolazoline Hydrochloride Tablets
Tolbutamide Tablets
Tolcapone Tablets
Tolmetin Sodium Capsules
Tolmetin Sodium Tablets
Topiramate Tablets

W, LR
T
T
T, LR
T, LR
T
T
T, LR
W
W
W
W
T
T
W
T
T, LR
T, LR
T
T, LR
W, LR
T
W
W
W, LR
T
W
T
W
W
T
T
W
T

Add the following:
Tramadol Hydrochloride Extended-Release Tablets
Tramadol Hydrochloride Tablets
Tranylcypromine Tablets
Trazodone Hydrochloride Tablets

T USP35
T
W
T, LR

USP34
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Triamcinolone Tablets
Triamterene Capsules
Triamterene and Hydrochlorothiazide Capsules
Triamterene and Hydrochlorothiazide Tablets
Triazolam Tablets
Trichlormethiazide Tablets
Trientine Hydrochloride Capsules
Trifluoperazine Hydrochloride Tablets
Triflupromazine Hydrochloride Tablets
Trihexyphenidyl Hydrochloride Capsules,
Extended-Release
Trihexyphenidyl Hydrochloride Tablets
Trimeprazine Tartrate Tablets
Trimethobenzamide Hydrochloride Capsules
Trimethoprim Tablets
Trioxsalen Tablets
Tripelennamine Hydrochloride Tablets
Triple Sulfa Vaginal Tablets
Triprolidine Hydrochloride Tablets
Triprolidine and Pseudoephedrine Hydrochlorides Tablets
Trisulfapyrimidines Tablets
Troleandomycin Capsules
Ubidecarenone Capsules
Ubidecarenone Tablets
Ursodiol Capsules
Ursodiol Tablets
Add the following:
Valacyclovir Tablets
Valerian Tablets
Valganciclovir Tablets
Valproic Acid Capsules
Valsartan and Hydrochlorothiazide Tablets
Vancomycin Hydrochloride Capsules
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W
T, LR
T, LR
T, LR
T, LR
T
T
W, LR
W, LR
T
T
W, LR
W
T, LR
W, LR
W
W, LR
T, LR
T, LR
W
T
T, LR
T, LR
W
W
T 2S (USP34)
T, LR
T
T
T
T

Add the following:
Venlafaxine Tablets

W

Add the following:
Verapamil Hydrochloride Capsules, Extended-Release
Verapamil Hydrochloride Tablets
Verapamil Hydrochloride Tablets, Extended-Release
Vitamin A Capsules

T,
T,
T,
T,

LR
LR
LR
LR

1S (USP35)

Add the following:
Vitamin A Tablets

T, LR

2S (USP34)

USP34
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Vitamin E Capsules
Oil-Soluble Vitamins Capsules
Oil-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins Capsules
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins with Minerals Tablets
Warfarin Sodium Tablets
Zalcitabine Tablets

T
T,
T,
T,
T,
T,
T,
T,
T,
T,
T,
T,
T,

Add the following:
Zaleplon Capsules
Zidovudine Capsules
Zidovudine Tablets
Zinc Citrate Tablets
Zinc Gluconate Tablets
Zinc Sulfate Tablets
Zolpidem Tartrate Tablets
Zolpidem Tartrate Tablets, Extended-Release

LR 2S (USP34)
T, LR
T, LR
W
T, LR
W
W
W

Add the following:
Zonisamide Capsules

T, LR

LR
LR
LR
LR
LR
LR
LR
LR
LR
LR
LR
LR

1S (USP34)
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Water for Analytical Purposes
Bruno Rossi, Anthony Bevilacqua, Antonio Hernandez-Cardoso,a Lucia Clontz, Max Lazar,
Rostyslaw Slabicky, T.C. Soli
ABSTRACT In the conduct of compendial procedures and laboratory operations, water is a
common diluent, solvent, and at times a reagent. Despite its wide application in analysis, the
US Pharmacopeial Convention (USP) has never developed a monograph giving standards for
water for analytical purposes. Instead, USP has provided monographs for water for
pharmaceutical manufacturing and use. We propose in this Stimuli article that USP should
develop standards for water for analytical purposes. The Stimuli argues that a framework can
be developed based on seven classes of water contaminants and other factors that will allow
users to consider the type of water needed for a given test application. The Stimuli article also
suggests a simple taxonomic approach to classify and name these waters relative to these
contaminants, each of which has several possible specification levels. The need for additional
classes is also considered.
INTRODUCTION
As indicated in General Notices 8.230.30 in the US Pharmacopeia (USP), when a compendial
procedure calls for water, USP Purified Water should be used unless otherwise specified. More
than 30 different analytical water types (e.g., lead-free water, deionized water, high-purity
water, HPLC-grade water, filtered water, and others) are currently listed in USP, and each has
a different specification, method of preparation, and/or validation requirements for the tests
and procedures. The absence of specific guidance could lead to the use of a type of water
that is not suitable for an analytical application.
In this article we propose a simple framework that can be used by analysts, sponsors of USP
monographs and general chapter requests for revision, USP's Expert Committees, and others to
select the most appropriate type of water for a given application. This framework is based on
the types of analytical water in USP, current standards/guidelines (1–6), known types of typical
water contaminants that affect analytical testing, and feedback from analysts.
The proposed framework:
Rationalizes the description of analytical waters and attempts to simplify their use in
USP procedures in monographs and general chapters
Reduces misunderstanding of terminologies and applications
Facilitates water type selection by both users and USP Expert Committees
Provides a flexible approach that takes into account exceptions and future needs.
PROPOSED FRAMEWORK
We propose a segmented approach:
Classes of Contaminants
Our analysis suggests that seven main classes of water contaminants can affect the majority
of current analytical applications used in the pharmaceutical laboratory:
ions (I)
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organics (O)
bacteria (B)
endotoxins (E)
nucleases and proteases (Z)
gases (G)
particles (P).
The letter after each contaminant category is for codification purposes only. Each of these
contaminants typically is monitored or controlled by the methods summarized in Table 1. Note
that Drinking Water—as defined by the US Environmental Protection Agency (EPA) Primary
Drinking Water Requirements or equivalent local regulations—must be the source water for the
production of analytical waters (7).
Table 1. Common Methods for Monitoring or Controlling Typical Analytical Water
Contaminants

Contaminants
Typical
Test or
Control
Strategy

Ions
(I)

Organics
(O)

Conductivity Total
organic
carbon

Bacteria
(B)
Growth
medium–
based
method

Endotoxins
(E)

Nucleases
and
Proteases
(Z)

Gases
(G)

Particles
(P)

LA L test Ultrafiltrationa V acuum degasification, boiling, Filtrationa
sonication, etc.a

a For several reasons (availability of a monitoring technology, analytical sensitivity, and others) some of these contaminants
are rarely monitored but are managed by purification/removal steps, e.g., boiling to drive out dissolved gases. The removal
steps listed are provided as examples. O ther methods may be available and can be defined according to the situation (e.g.,
testing needs) by users to best suit the application.

The contaminants in Table 1 include the majority of the analytical water types currently listed
in USP. Therefore, a taxonomy with classes and nomenclature based on these contaminants
could help simplify and guide construction of the water for analytical purposes framework.
Contaminant Levels
Based on current industry practices and the typical water contaminants listed in Table 1, a
taxonomy of contaminant levels can guide the selection of analytical water for specific
applications (Table 2). Analytical waters for a given laboratory application can be defined by
the level of each of the seven contaminants listed in Table 2. Here we use the codifying letter
of each of these contaminants, and the corresponding level is indicated in superscript. Thus
any analytical water can be defined as belonging to one of the seven classes. Within a class,
the water may be further grouped by level of contaminant for the first four groups. For the final
three groups, grouping is achieved based on process steps required to control the contaminant.
When additional information (e.g., qualitative procedure with limit or monitoring requirements) is
required, it should be added to the proposed type of analytical water. Water for analytical
purposes that is not in compliance with the current proposed level should be defined as S
(Special) with a superscript (letter code) and the required value, e.g., I2 O2 B0 E0 Z0 G0 P0.
One of the benefits of the proposed framework is its ability to evolve as needed (e.g., addition
of ranges) without adjusting the taxonomy.
Note that conductivity testing for level 1 can be done by on-line or off-line testing using the
same limits. Conductivity limits listed for levels 2–5 represent on-line measurements. However,
level 2 measurements alternatively can be performed off-line as follows: Transfer a sufficient
amount of water (100 mL or more) to a suitable container, and stir the test specimen. Adjust
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the temperature, if necessary, and while maintaining it at 25 ± 1 , begin vigorously agitating
the test specimen while periodically observing the conductivity. When the change in
conductivity (caused by uptake of atmospheric carbon dioxide) is less than 0.1 µS/cm after 5
min, note the conductivity. If the conductivity is not greater than 2.1 µS/cm, the water meets
the requirements.
Table 2. Levels of Contaminants in Water for Analytical Purposes
Ions
(I)
Maximum,
µS/cm

Organics
(O)
TOC
Maximum,
µg of
Carbon
per L

Bacteria
(B)
Maximum,
cfu/mLa

Endotoxins (E)
Maximum,
EU/mL

Nucleases
and
Proteases
(Z)

Gases
(G)

Particles
(P)

No specification

No specification

Level 2

No
No
No
No
No specification
specification specification specification specification
50
1000
500
2
A dd technology
removal
recommendations
1.3
500
100
1
NA b

A dd technology
removal
recommendations
NA

A dd technology
removal
recommendations
NA

Level 3
Level 4
Level 5

0.2
0.1
0.055

Contaminants
Level 0
Level 1

Level S
(Special)

at 25 C

100
10
5

10
1
0.1 (10/100
mL)
Will be
Will be
Will be
defined as
defined as
defined as
appropriate appropriate appropriate
by user or
by user or
by user or
USP Expert USP Expert USP Expert
Committee Committee Committee

0.5
0.25
0.01

NA
NA
NA

NA
NA
NA

NA
NA
NA

Will be
defined as
appropriate
by user or
USP Expert
Committee

Will be defined as
appropriate by
user or USP
Expert
Committee

Will be defined as
appropriate by
user or USP
Expert
Committee

Will be defined as
appropriate by
user or USP
Expert
Committee

a Sampling size could be different; cfu = colony-forming units.
b NA = not applicable.

EXAMPLES
Examples of analytical waters follow:
1. If an analytical water meets the Purified Water specifications (as defined in the
corresponding USP monograph) it can be used for a given analytical application and will
be defined as follows:
I2 O2 B0 E0 Z0 G0 P0 prepared from drinking water (as defined by EPA and/or
equivalent local regulation). The microbial content of USP Purified Water is
discussed in General Chapter Water for Pharmaceutical Purposes 1231 and is
not mentioned in the monograph. No USP acceptance criteria for microbial
content of Purified Water exists—hence, the B0 descriptor.
An analytical water defined as I5 O5 B4 E0 Z0 G0 P1 corresponds to water with:
Conductivity: less than or equal to 0.055 µS/cm at 25 C
TOC: less than or equal to 5 µg of Carbon per L
Bacterial contamination: less than 1 cfu/mL
Endotoxin: no specification
Nucleases and proteases: no specification
Gases: no specification
Particles: 0.22-µm filtration step (example of a currently specified technology to
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control particles for particle-free water as defined in Reagents, Indicators, and
Solutions in USP).
2. An analytical water defined as I5 O5 B0 E0 Z0 G0 P0 corresponds to water with:
Conductivity: less than or equal to 0.055 µS/cm at 25 C
TOC: less than or equal to 5 µg of Carbon per L
Bacterial contamination: no specification
Endotoxin: no specification
Nucleases and Proteases: no specification
Gases: no specification
Particles: no specification.
CONCLUSION
This Stimuli article proposes a simple framework that can be used as a tool by analysts,
sponsors of USP monograph and general chapter requests for revision, and USP Expert
Committees for the selection and use of analytical waters. The framework provides a simple
terminology for analytical waters and therefore can help improve the conduct of analytical
procedures for which more control of the type of water used is needed.
The USP General Chapters—Chemical Analysis Expert Committee welcomes suggestions and
comments about this approach. Please contact Antonio Hernandez-Cardoso, Scientific Liaison,
USP, 12601 Twinbrook Parkway, Rockville, MD 20852-1790, USA; tel. 301.816.8308; e-mail
ahc@usp.org.
References
1. USP. USP 32–NF 27. Rockville, MD: USP; 2009.
2. Council of Europe. European Pharmacopoeia 6.3. Strasbourg, France: Council of Europe;
2009.
3. ASTM. D1193 Standard Specification for Reagent Water. West Conshohocken, PA:
ASTM; 2006.
4. ASTM. D5196 Standard Guide for Bio-applications Grade Water. West Conshohocken,
PA: ASTM; 2006.
5. ISO. 3696 Water for Analytical Laboratory Use. Geneva, Switzerland: ISO; 1995.
6. Clinical and Laboratory Standards Institute. Preparation and Testing of Reagent Water
in the Clinical Laboratory. 4th edition. Wayne, PA: Clinical and Laboratory Standards
Institute; 2006.
7. EPA. National Primary Drinking Water Regulations. 2003.
http://www.access.gpo.gov/nara/cfr/waisidx_03/40cfr141_03.html. Last visited 21
September 2010.
a C orrespondence should be addressed to: Antonio Hernandez-C ardoso, Scientific Liaison, US Pharmacopeial
C onvention (USP), 12601 Twinbrook Parkway, Rockville, MD 20852-1790, USA; tel. 301.816.8308; e-mail
ahc@usp.org.
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Please address comments on Pharmacopeial Forum content to
USP Executive Secretariat
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ISSN: 1542-1945
Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
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the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

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

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

In-Process
Revision
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Proposals for Interim
Revision Announcements
(IRAs) that will be
published as official USP
or NF standards
BRIEFING: Scientific
rationale for proposed
changes. May include
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
Proposals for standards
that will be published as
official in a future USP–
NF book or Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
USP Scientific Liaisons
who handle the
monograph or general
chapter.

Review material and send comments within
90 days of the PF publication in which the
standard was proposed (or per the
comment deadline listed in the Briefing
section). Direct comments to the USP
Scientific Liaison using the contact
information provided at the end of each
Proposed IRA

Review material and send comments within
90 days of the PF publication in which the
revision was proposed (or per the
comment deadline listed in the Briefing
section). Direct comments to the USP
Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or
in cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301998-6839 or stdsmonographs@usp.org.
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Stage 4
Harmonization

Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and USP.
The Stage 4 draft and
the briefing are published
in the forum of each
pharmacopeia for public
comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.

Stimuli to the
Revision
Process

Articles on standards
development topics
authored by the USP
Council of Experts, USP
staff, or other interested
parties on which USP
desires public input prior
to further development.

Review material and provide comments to
the USP Scientific Liaison using the
contact information provided at the end of
each Stage 4 Harmonization. Individuals
who wish to correspond with the European
and Japanese Pharmacopoeias concerning
monographs in the Stage 4 period of
international harmonization should address
their comments to the coordinating
pharmacopoeia, with a copy to USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp
Review material and provide comments to
the recipient indicated (usually footnoted
in each Stimuli article).

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
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(http://www.usp.org/USPNF/devProcess/contactScientists.html)
Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Propofol Injectable Emulsion, USP 34 page 4047. On the basis of comments received, it is
proposed to revise the preparation of solutions used in the test for Organic Impurities. The
name of the Standard solution is changed to System suitability solution, and this solution is
now used only to meet system suitability requirements. A new Standard solution is added
which is comprised of only USP Propofol Related Compound A RS and USP Propofol Related
Compound B RS, because there is no analytical value to including USP Propofol RS in the
Standard solution. The comment period for this revision ends July 31, 2011. In the absence
of significant adverse comments, it is proposed to implement this revision via an Interim
Revision Announcement to USP 34–NF 29, with an official date of November 1, 2011.
(SM4: M. Waddell.)
Correspondence Number—C100117

Comment deadline: July 31, 2011
Propofol Injectable Emulsion
DEFINITION
Propofol Injectable Emulsion contains Propofol in a 10% (w/v) oil-in-water sterile emulsion. The
aqueous component contains glycerol, a suitable antimicrobial agent, and Water for Injection.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of propofol (C12 H18 O). It
contains a suitable emulsifying agent.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 200–450 nm
Standard solution: 100 µg/mL
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Sample solution: Dilute a volume of Injectable Emulsion, equivalent to 10 mg of propofol,
with isopropyl alcohol to 100 mL.
Medium: Isopropyl alcohol
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Dilute 68 mL of water with isopropyl alcohol to 1 L.
Mobile phase: Tetrahydrofuran and water (4:6)
Standard solution: 0.8 mg/mL of USP Propofol RS in Diluent
Sample solution: Transfer a volume of well-shaken Injectable Emulsion, equivalent to
about 40 mg of propofol, to a 50-mL volumetric flask. Dissolve in and dilute with isopropyl
alcohol to volume, and mix. The solution contains about 0.8 mg/mL of propofol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 5-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1000 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of propofol (C12 H18 O) in the portion of
Injectable Emulsion taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Propofol RS in the Standard solution (mg/mL)
C=
U nominal concentration of propofol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Limit of Free Fatty Acids
[NOTE—To obtain a titer of sufficient sensitivity for the blank reagent, it is necessary to add
stearic acid at a concentration of approximately 1.0 mMol/L.]
Blank titration: Weigh about 142.3 mg of stearic acid into a 500-mL volumetric flask.
Dissolve in and dilute with dehydrated alcohol to volume to obtain the blank solution. Pipet
10 mL of the blank solution into a 100-mL beaker, and proceed as directed under Analysis,
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beginning with “add 0.5 mL of 0.05 N hydrochloric acid”.
Calculate the blank correction, B, in mMol/L:
Result = (NVTB/VB)

NSA

N = concentration of the titrant (mMol/L)
VTB
= volume of the titrant added between the first and second inflection points for the blank
titration (mL)
VB= volume of the blank solution used for the analysis (mL)
NSA
= concentration of stearic acid (mMol/L)
Analysis
Sample: A volume of Injectable Emulsion, nominally equivalent to 100 mg of propofol
Transfer the Sample to a 100-mL beaker. Add 0.5 mL of 0.05 N hydrochloric acid, then
dilute with a solution of alcohol and water (45:20) to 60 mL. Titrate with 0.05 M sodium
hydroxide VS to a potentiometric endpoint, using a suitable electrode.
Calculate the free fatty acid content, in mMol/L:
Result = (NVT /VS)

B

N= concentration of the titrant (mMol/L)
VT= volume of the titrant added between the first and second inflection points (mL)
VS= volume of Injectable Emulsion used for the analysis (mL)
B= blank correction factor (mMol/L), calculated as shown above
Acceptance criteria: NMT 5 mMol/L
Change to read:
• Organic Impurities
Mobile phase, Diluent, and Sample solution: Prepare as directed in the Assay.
Standard solution
System suitability solution: (IRA 1-Nov-2011)
Dissolve quantities of USP Propofol RS, USP Propofol Related Compound A RS, and USP
Propofol Related Compound B RS in Diluent to obtain a solution having concentrations of
0.8 mg/mL of propofol and 0.002 and 0.0008 mg/mL of propofol related compound A and
propofol related compound B, respectively.
Standard solution: 0.002 mg/mL of USP Propofol Related Compound A RS and 0.0008
mg/mL of USP Propofol Related Compound B RS in Diluent (IRA 1-Nov-2011)
Chromatographic system: Proceed as directed in the Assay, except that detection is at
254 nm.
System suitability
Sample: Standard solution
System suitability solution (IRA 1-Nov-2011)
[NOTE—The relative retention times for propofol related compound B, propofol, and
propofol related compound A are about 0.8, 1.0, and 2.5, respectively.]
Suitability requirements
Resolution: NLT 2.5 between propofol and propofol related compound B
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Column efficiency: NLT 1000 theoretical plates based on the propofol peak
Tailing factor: NMT 1.5 for the propofol peak
Relative standard deviation: NMT 2% for the propofol peak
Analysis
Samples: Standard solution and Sample solution
Calculate the content of propofol related compound A and propofol related compound B,
as a percentage of the label content of propofol, in the portion of Injectable Emulsion
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of propofol related compound A or propofol related compound B from the
Sample solution
rS= peak response of propofol related compound A or propofol related compound B from the
Standard solution
C=
S concentration of USP Propofol Related Compound A RS or USP Propofol Related
Compound B RS in the Standard solution (mg/mL)
C=
U nominal concentration of propofol in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.5% of propofol related compound A; NMT 0.5% of propofol
related compound B
SPECIFIC TESTS
• Bacterial Endotoxins Test
• Sterility Tests
• pH

85 : It contains NMT 0.33 USP Endotoxin Unit/mg of propofol.

71 : Meets the requirements

791 : 4.5–8.5

• Globule Size Distribution in Lipid Injectable Emulsions

729 : Meets the requirements

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve under an inert atmosphere of nitrogen. Store at
controlled room temperature. Do not freeze.
• Labeling: Label it to include the following: Shake well before use. Do not use if there is
evidence of excessive creaming or aggregation, if large droplets are visible, or if there are
other forms of phase separation indicating that the stability of the product has been
compromised. Slight creaming, which should disappear after shaking, may be visible upon
prolonged standing.
• USP Reference Standards 11
USP Endotoxin RS
USP Propofol RS
USP Propofol Related Compound A RS
3,3¢-5,5¢-Tetraisopropyldiphenol.
USP Propofol Related Compound B RS
2,6-Diisopropylbenzoquinone.
BRIEFING
Vinblastine Sulfate for Injection, USP 34 page 4584. The Food and Drug Administration and
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the Institute for Safe Medication Practices have expressed continuing concerns regarding
misadministration of Vinblastine Sulfate for Injection via the intrathecal route, despite
extensive label warnings. The current label warning states, “Fatal if given intrathecally, for
intravenous use only.” Because the word “intrathecally” appears on the label, health care
practitioners can misperceive the route of administration and actually deliver the medicine
by this fatal route. At the request of the Nomenclature, Safety, and Labeling Expert
Committee, the Monograph Development—SM3 Expert Committee is proposing a revision to
the Labeling section to change the label statement to “For Intravenous Use Only–Fatal If
Given By Other Routes.” In addition, the statement “suitable for parenteral use” is deleted
from the Definition. The comment period for this revision ends on July 31, 2011. In the
absence of negative comments, it is proposed to implement this revision through an Interim
Revision Announcement, with an official date of November 1, 2011.
(SM3: F. Mao.)
Correspondence Number—C100476

Comment deadline: July 31, 2011
Vinblastine Sulfate for Injection
DEFINITION
Change to read:
Vinblastine Sulfate for Injection is Vinblastine Sulfate suitable for parenteral use. It
(IRA 1-Nov-2011)

contains NLT 90.0% and NMT 110.0% of the labeled amount of vinblastine sulfate
(C46 H58 N4 O9 ·H2 SO4 ).
[Caution—Handle Vinblastine Sulfate for Injection with great care because it is a potent
cytotoxic agent. ]
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Use material previously dried in a vacuum at 60 for 16 h.
Acceptance criteria: Meets the requirements
• B. Identification Tests—General, Sulfate 191
Sample solution: 100 mg/mL in water
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Solution A: Diethylamine and water (14:986). Adjust with phosphoric acid to a pH of 7.5.
Solution B: Acetonitrile and methanol (20:80)
Mobile phase: Solution A and Solution B (38:62)
Standard solution: 0.4 mg/mL of USP Vinblastine Sulfate RS in water
System suitability solution: 0.4 mg/mL each of USP Vincristine Sulfate RS and USP
Vinblastine Sulfate RS in water prepared as follows. Transfer USP Vincristine Sulfate RS to
a suitable volumetric flask, and dissolve in Standard solution to obtain a solution having

13
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0.4 mg/mL each of USP Vincristine Sulfate RS and USP Vinblastine Sulfate RS in water.
Sample stock solution: Pipet a suitable volume of water into each of five containers of
Vinblastine Sulfate for Injection to obtain a solution in each having a concentration of 1
mg/mL. Insert the stopper, shake to mix, and combine the solutions from the five
containers.
Sample solution: 0.4 mg/mL of vinblastine sulfate in water, from Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 262 nm
Pre-column: Packed with porous silica gel; installed between the pump and the injector
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between vincristine and vinblastine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vinblastine sulfate (C46 H58 N4 O9 ·H2 SO4 ) in the portion of
Vinblastine Sulfate for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Vinblastine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of vinblastine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 905
Procedure for content uniformity
Buffer: Dissolve 13.61 g of sodium acetate in 900 mL of water in a 1000-mL volumetric
flask, adjust with glacial acetic acid to a pH of 5.0 while stirring, and dilute with water
to volume.
Standard solution: 40 µg/mL of USP Vinblastine Sulfate RS in Buffer
Sample solution: Dissolve the contents of one container of Vinblastine Sulfate for
Injection in Buffer to obtain a solution having a concentration of 40–50 µg/mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV
Analytical wavelength: 269 nm
Cell: 1 cm

851 .)
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Blank: Buffer
Analysis
Samples: Standard solution and Sample solution
Concomitantly determine the absorbances of the Sample solution and the Standard
solution, and calculate the percentage of vinblastine sulfate (C46 H58 N4 O9 ·H2 SO4 ) in
the portion of Vinblastine Sulfate for Injection taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Vinblastine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of vinblastine sulfate in the Sample solution (mg/mL)
Acceptance criteria: Meets the requirements
IMPURITIES
• Organic Impurities
Mobile phase, System suitability solution, and System suitability: Prepare as directed
in the Assay.
Sample solution A: Use the Sample solution, prepared as directed in the Assay.
Sample solution B: 16 µg/mL of vinblastine sulfate, from Sample solution A in water
Chromatographic system: Proceed as directed in the Assay, except use an injection size
of 200 µL.
Analysis
Samples: Sample solution A and Sample solution B
Calculate the percentage of each impurity in the portion of Vinblastine Sulfate for
Injection taken:
Result = [rU/(SrU + 25rS)] × 100
r=
U peak response of each impurity appearing after the solvent peak from Sample solution A
r=
S peak response of vinblastine from Sample solution B
Calculate the percentage of total impurities:
Result = [(SrU/(SrU + 25rS)] × 100
r=
U peak response of each impurity appearing after the solvent peak from Sample solution A
r=
S peak response of vinblastine from Sample solution B
Acceptance criteria
Individual impurities: NMT 2.0%
Total impurities: NMT 5.0%
SPECIFIC TESTS
• Bacterial Endotoxins Test
vinblastine sulfate.
• Sterility Tests

85 : It contains NMT 10.0 USP Endotoxin Units/mg of

71 : Meets the requirements

• Constituted Solution: At the time of use, it meets the requirements for Injections

1 ,
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Constituted Solutions.
• Completeness of Solution 641 : A 10-mg portion dissolves in 10 mL of Water for
Injection to yield a clear solution.
• Other Requirements: It meets the requirements for Injections

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Injections
Solids, in a refrigerator.

1 , Containers for Sterile

Change to read:
• Labeling: The label states: “ Fatal if Given Intrathecally. For Intravenous Use Only.”
“For Intravenous Use Only–Fatal If Given By Other Routes.” (IRA 1-Nov-2011)
When dispensed, the container or syringe (holding the individual dose prepared for
administration to the patient) must be enclosed in an overwrap bearing the statement: “Do
Not Remove Covering Until Moment of Injection. Fatal If Given Intrathecally. For
Intravenous Use Only.”
For Intravenous Use Only–Fatal If Given By Other Routes.” (IRA 1-Nov-2011)
• USP Reference Standards 11
USP Endotoxin RS
USP Vinblastine Sulfate RS
USP Vincristine Sulfate RS
[NOTE—No Loss on Drying determination is needed for USP Vincristine Sulfate RS.]
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention
times for compounds of interest.) Finally, the Expert Committee acronym (the
name of the Scientific Liaison who handled the particular monograph or general
chapter, and the USP tracking correspondence number, as shown in the example
below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
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crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 2S (USP 34) indicates that the proposed revision is slated for the Second
Supplement to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP
35 and NF 30, respectively.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
232 Elemental Impurities—Limits, page 197 of PF 36(1) [Jan–Feb 2010]. This revision
to general chapter Elemental Impurities 232 is based on comments received during the
public comment period. The Expert Panel on elemental impurities has reviewed these comments
and is proposing revisions both to

232

and its accompanying general chapter Elemental

Impurities—Procedures 233 . Although these proposed changes do not materially impact the
scientific content of these chapters, they are being published in PF to assure that the chapter
requirements are clear to all users and to seek any final input.
The Permissible Daily Exposure (PDE) limits presented in the proposed new general chapter
232 are consistent with the current early deliberations of the International Congress on
Harmonization (ICH) Q3D expert working party on metal impurities. Changes by ICH Q3D to the
PDE limits for the elements contained in this chapter will be managed as proposed changes to
the chapter via existing USP revision processes, with corresponding changes to the
implementation times if the limits decrease. The addition of elements to this chapter based on
additions made by ICH Q3D will be managed similarly. However, any elements (and their
accompanying PDE) included in the final ICH document that are less toxic than those included
in chapter

232

will be incorporated in a future informational general chapter rather than in

232 .
The previously published PF 36(1) revision to the General Notices and Requirements
pertaining to the Elemental Impurities chapters (section 5.60.30) was deferred from USP 34–NF
29. Any change in the implementation date will be reflected in a General Notices revision. This
proposal will be included on the official ballot when chapters
for approval by the Expert Committee.
(GCCA: K. Zaidi.)
Correspondence Number—C89972

Comment deadline: July 31, 2011
Add the following:

232

and

233

are considered
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232

ELEMENTAL IMPURITIES—LIMITS
INTRODUCTION

The objective of this chapter is to set limits on the amounts of elemental impurities in
pharmaceuticals. The chapter applies to drug substances, drug products (including naturalsource and rDNA biologics), and excipients. Dietary supplements and their ingredients are
addressed in chapter Elemental Impurities in Dietary Supplements 2232 . For articles that
are designated “For Veterinary Use Only,” higher or lower levels for the permissible daily
exposure and concentration limit may be justified in exceptional cases, based on the actual
daily dose, actual target species, relevant toxicological data, and consumer safety
considerations.
Elemental impurities addressed in this chapter are classified as shown in Table 1.
Table 1. Elemental Impurity Classes
Class
Assessment
Class 1
Elements should be essentially absent
Known or strongly suspected human
toxicants
Environmental hazards
Class 2
Elements should be limited
Elements with less toxicity than Class 1
Elements deliberately added to an article
Class 1 Elemental Impurities
Compliance with the limits specified for Class 1 elemental impurities is required for all drug
products, regardless of the likelihood of the presence of impurities. The presence of unexpected
elemental contaminants, as well as that of impurities likely to be present, should be considered
in determining compliance and planning the risk-based extent of testing.
Class 2 Elemental Impurities
In general, for Class 2 elemental impurities, the testing of drug substances, excipients, and
drug products for elemental impurities need be conducted only when these elements are added
during the manufacture of the article.
LIMITS OF ELEMENTAL IMPURITIES
Class 1
Class 1 elemental impurities (Table 2), because of their unacceptable toxicities or deleterious
environmental effects, should not be present in a drug substance, excipient, or drug product.
However, if their presence is unavoidable, their levels should be restricted as shown in Table 2,
unless otherwise stated in the individual monograph.
Class 2
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Class 2 elemental impurities (Table 3) should be limited in drug substances, excipients, and drug
products because of their inherent toxicities.
Table 2. Class 1 Elemental Impurities
Component
Oral Daily
Parenteral
*
Limit
Component
Dose PDE
(µg/g)
Limit (µg/g)
(µg/day)
1.5
15
0.15
0.5
5
0.05
1
10
0.1
1.5
15
0.15

Element
Arsenic
Cadmium
Lead
Mercury
* Permitted daily exposure.

Parenteral Daily
Dose PDE
(µg/day)

Table 3. Class 2 Elemental Impurities
Oral Daily
Component
Parenteral
Limit
Dose PDE*
Component
(µg/g)
(µg/day)
Limit (µg/g)
25
250
2.5
250
2500
25
250
2500
25
25
250
2.5
25
250
2.5
10
100
1.0
10
100
1.0
25
250
2.5
10
100
1.0 (combination
(combination
(combination
not to exceed)
not to
not to exceed)
exceed)

Element
Chromium
Copper
Manganese
Molybdenum
Nickel
Palladium
Platinum
Vanadium
Osmium
Rhodium
Ruthenium
Iridium
* Permitted daily exposure.

1.5
0.5
1
1.5

Parenteral
Daily Dose PDE
(µg/day)
25
250
250
25
25
10
10
25
10 (combination
not to exceed)

OPTIONS FOR DESCRIBING LIMITS OF ELEMENTAL IMPURITIES
Three options are available when applying limits of elemental impurities for orally dosed
products. Parenteral products are covered separately (see Parenteral Products section below).
Drug Product Analysis Option
This option is generally applicable. The results obtained from the analysis of a typical dosage
unit, scaled to a maximum daily dose, are compared to the Daily Dose PDE, as shown in Table 2
and Table 3.
Daily Dose PDE

measured value x (maximum daily dose)

Individual Component Option
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For drug products with a maximum daily dose of NMT 10 g, the product meets the requirements
when each drug substance and excipient meets the limits provided in the Component Limit
column (Table 2 and Table 3). If all drug substances and excipients in a formulation meet the
limits shown in the Component Limit, these components may be used in any proportion. No
further calculation is necessary.
Summation Option
This option can be used for drug products that are administered in doses other than 10 g/day
or products in which any component of a product exceeds the applicable Component Limit. The
Daily Dose PDE, as shown in Table 2 and Table 3, can be used to calculate the concentration
of elemental impurities allowed in a drug product. Apply this option by separately adding the
amounts of each elemental impurity (in µg/day) present in each of the components of the drug
product, using the following equation:
Result = S1m(CM × WM )
m = each ingredient used to manufacture the dosage form
CM = element concentration in that component (µg/g)
WM = weight of component in a dosage form (g)
The sum of the quantities of each element/day should be less than that shown by the Daily
Dose PDE in Table 2 and Table 3 for that element.
Examples
Consider an example of the application of the Individual Component Option and the Summation
Option to the arsenic concentration in a drug product. The Daily Dose PDE is 15 µg/day, and
the Component Limit is 1.5 µg/g (ppm). The maximum administered daily weight of a drug
product is 5.0 g, and the drug product contains two excipients. The composition of the drug
product and the calculated maximum content of arsenic are shown in Table 4.

Component
Drug
substance
Excipient 1
Excipient 2
Drug product

Amount in
Formulation (g)
0.3
0.9
3.8
5.0

Table 4
Arsenic Content
(µg/g)
3.0
1.0
2.0
—

Daily Exposure
(µg/day)
0.9
0.9
7.6
9.4

Excipient 2 and the drug substance do not meet the Component Limit, but Excipient 1 does.
Thus, the Individual Component Option cannot be used. However, under the Summation
Option, the drug product meets the Daily Dose PDE limit of 15 µg/day and thus conforms to the
acceptance criteria in this chapter.
Consider another example where the maximum administered daily weight of a drug product is
5.0 g, and the drug product contains two excipients. The composition of the drug product and
the calculated maximum content of arsenic are shown in Table 5.
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Amount in
Formulation (g)
0.3

Table 5
Arsenic Content
(µg/g)
5.0

0.9
3.8
5.0

5.0
5.0
—

Daily Exposure
(µg/day)
1.5
4.5
19.0
25.0

In this example, the drug product exceeds the limits in Table 2, using both the Individual
Component Option and the Summation Option. The manufacturer can test the drug product by
using the Drug Product Analysis Option. If the level of arsenic in the formulation exceeds the
Daily Dose PDE, the product fails to meet the impurity limits as described in this chapter.
Parenteral Products
Because of the presumption of 100% bioavailability of the elemental impurity during parenteral
administration, versus the presumed 10% bioavailability via the oral route, the Parenteral
Component Limit and the Parenteral Daily Dose PDE (Table 2 and Table 3) are 10% of those for
the oral route of introduction. To evaluate the limits for elemental impurities, one can apply the
three options described above, using the Parenteral Component Limit instead of the Component
Limit, and using the Parenteral Daily Dose PDE instead of the Oral Daily Dose PDE.
ANALYTICAL PROCEDURES
For a presentation of the alternatives for testing, see the chapter Elemental Impurities—
Procedures 233 . The validation necessary will vary depending on the situation. For all three
options described in Chapter <232> in the section Options for Describing Limits of Elemental
Impurities, it may be appropriate to use the section Limit Procedure Validation in Chapter
<233>. However, for the Summation Option in Chapter <232>, acceptable levels of validation
must be determined on a case-by-case basis. Validation of a procedure using the Quantitative
Procedure Validation in Chapter <233> is acceptable for all options under all circumstances, and
it is generally preferred. The determination of the level of validation necessary is at the
discretion of the manufacturer and the competent regulatory authority.
INTRODUCTION
This general chapter specifies limits for the amounts of elemental impurities in drug products.
Elemental impurities include catalysts and environmental contaminants that may be present in
drug substances, excipients, or drug products. These impurities may occur naturally, be added
intentionally, or be introduced inadvertently (e.g., by interactions with processing equipment).
When elemental impurities are known to be present, have been added, or have the potential for
introduction, assurance of compliance to the specified levels is required. A risk-based control
strategy may be appropriate when analysts determine how to assure compliance with this
standard. Regardless of the approach used, compliance with the limits specified is required for
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all drug products.
The limits presented in this chapter do not apply to excipients and drug substances, except
where specified in this chapter or in the individual monographs. However, elemental impurity
levels present in drug substances and excipients must be known and reported.
Dietary supplements and their ingredients are addressed in Elemental Contaminants in Dietary
Supplements 2232 . For articles that are designated “For Veterinary Use Only”, or for which
veterinary administration is intended, the permissible daily exposures (PDE) presented in this
chapter are applicable. However, higher or lower PDE and concentration limits may be
appropriate based on the daily dose, target species, relevant toxicological data, or consumer
safety impact.
SPECIATION
The determination of the oxidation state, organic complex, or combination is termed speciation.
Each of the elemental impurities has the potential to be present in differing oxidation or
complexation states. However, arsenic and mercury are of particular concern because of the
differing toxicities of their inorganic and complexed organic forms.
The arsenic limits are based on the inorganic (most toxic) form. Arsenic can be measured using
a total-arsenic procedure under the assumption that all arsenic contained in the material under
test is in the inorganic form. Where the limit is exceeded using a total arsenic procedure, it may
be possible to show via a procedure that quantifies the different forms that the inorganic form
meets the specification.
The mercury limits are based upon the inorganic ( 2+) oxidation state. The methyl mercury form
(most toxic) is rarely an issue for pharmaceuticals. Thus, the limit was established assuming the
most common (mercuric) inorganic form. Limits for articles that have the potential to contain
methyl mercury (e.g., materials derived from fish) are to be provided in the monograph.
ROUTES OF EXPOSURE
The toxicity of an elemental impurity is related to its extent of exposure (bioavailability). The
Exposure Factor in Table 1 is used to modify the PDEs presented in Table 2, column 2, based
on the route of administration, assuming 100% bioavailability for the parenteral and inhalational
routes. These limits are based on chronic exposure but exclude potential genotoxic effects.
When carcinogenicity is suspected (e.g., arsenic in inhalation products), the limits should be
modified. [Note—The routes of administration of drug products are defined in general chapter
Pharmaceutical Dosage Forms

1151 . ]

Table 1. Exposure Factor
Route of Administration
Oral (solids and liquids)
Parenteral (Injectables, implants, and ophthalmics)
Topicals and Dermal
Mucosal (nasal, otic, rectal, vaginal, urethral, others)
Inhalational (aerosols, inhalers, and gases)

Exposure Factor
1
0.1
1
1
0.1
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DRUG PRODUCTS
The limits described in the second column of Table 2 are the base daily dose PDEs of the
elemental impurities of interest for a drug product taken by an adult patient according to
indicated routes of administration. Exceptions for pediatric or other special populations that
lower the PDE should be reflected in the limits in the appropriate monographs. Parenterals with
an intended maximum dose of greater than 10 mL and not more than 100 mL must use the
Summation Option described below.
Large Volume Parenterals
The amount of elemental impurities present in a Large Volume Parenteral (LVP – daily dose
greater than 100 mL) drug product must be controlled through the individual components used
to produce the product. The amounts of elemental impurities present in each component used
in an LVP are less than the values included in the third column of Table 2.
Table 2. Elemental Impurities for Drug Products
LVP
Daily Dose
Component
PDEa
Limit
Element
(µg/day)
(µg/g)
Cadmium
5
0.05
Lead
10
0.1
b
Inorganic arsenic
15
0.15
Inorganic Mercuryb
15
0.15
Iridium
100
1.0
Osmium
100
1.0
Palladium
100
1.0
Platinum
100
1.0
Rhodium
100
1.0
Ruthenium
100
1.0
Chromium
250
2.5
Molybdenum
250
2.5
Nickel
250
2.5
Vanadium
250
2.5
Copper
2500
25
Manganese
2500
25
a PDE = Permissible Daily Exposure based on a 50Kg person.
b See Speciation section.
Modified Daily Dose PDE
The Modified Daily Dose PDE is the maximum exposure to an impurity that a patient should
experience from the maximum daily dose of a drug product. The Modified Daily Dose PDE is
calculated by multiplying the Daily Dose PDE values in Table 2 by the Exposure Factor from
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Table 1 for the elements in question.
Modified Daily Dose PDE = Daily Dose PDE × Exposure Factor
Options for Demonstrating Compliance
DRUG PRODUCT ANALYSIS OPTION
The results obtained from the analysis of a typical dosage unit, scaled to a maximum daily
dose, are compared to the Modified Daily Dose PDE.
Modified Daily Dose PDE

measured value (µg/g)× maximum daily dose (g/day)

The measured amount of each impurity is NMT the Modified Daily Dose PDE, unless otherwise
stated in the individual monograph.
SUMMATION OPTION
Separately add the amounts of each elemental impurity (in µg/g) present in each of the
components of the drug product using the following equation:
Modified Daily Dose PDE

[SM1 (CM × WM)] × DD

where
M = each ingredient used to manufacture a dosage unit
CM = element concentration in component (drug substance or excipient) (µg/g)
WM = weight of component in a dosage unit (g/unit). [Note—unit = dosage unit. ]
DD = number of units in the maximum daily dose (unit/day)
The result of the summation of each impurity is NMT the Modified Daily Dose PDE, unless
otherwise stated in the individual monograph. Before products can be evaluated using this
option, the manufacturer must validate that additional elemental impurities cannot be
inadvertently added through the manufacturing process.
DRUG SUBSTANCE AND EXCIPIENTS
The presence of elemental impurities in drug substances and excipients must be controlled and,
where present, reported. The acceptable levels for these impurities depend on the material's
ultimate use. Therefore, drug product manufacturers must determine the acceptable level of
elemental impurities in the drug substances and excipients used to produce their products.
The values provided in Table 3 represent concentration limits for components (drug substances
and excipients) of drug products dosed at a maximum daily dose of 10 g/day. These values
serve as default concentration limits to aid discussions between drug product manufacturers
and the suppliers of the components of their drug products. [Note—Individual components may
need to be limited at levels different from those in the table depending on monograph-specific
mitigating factors. ]
Table 3. Default concentration limits for drug substances and excipients
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Element
Cadmium
Lead
Inorganic
Arsenic
Inorganic
Mercury
Iridium
Osmium
Palladium
Platinum
Rhodium
Ruthenium
Chromium
Molybdenum
Nickel
Vanadium
Copper
Manganese

25

Concentration limits (µg/g) for
Table 1 Exposure Factor 1 Drug
Products with a Maximum Daily
dose of 10 g/day
0.5
1
1.5

Concentration limits (µg/g) for
Table 1 Exposure Factor 0.1
Drug Products with a Maximum
Daily dose of 10 g/day
0.05
0.1
0.15

1.5

0.15

10
10
10
10
10
10
25
25
25
25
250
250

1
1
1
1
1
1
2.5
2.5
2.5
2.5
25
25

ANALYTICAL TESTING
If, by validated processes and supply-chain control, manufacturers can demonstrate the
absence of impurities, then further testing is not needed. If testing is done to demonstrate
compliance, see general chapter Elemental Impurities—Procedures

233 .

1S (USP35)

BRIEFING
233 Elemental Impurities—Procedures, page 201 of PF 36(1) [Jan.–Feb. 2010]. This
revision to the general test chapter, Elemental Impurities—Procedures 233 is based on
comments received during the public comment period. The Expert Committee on elemental
impurities has reviewed these comments and is proposing this revision to provide additional
clarity and flexibility. Although these proposed changes do not materially impact the scientific
content of the chapter, they are being published in PF to assure that the chapter requirements
are clear to all users and also to seek any final input. This chapter is expected to be included
on the official ballot along with general chapter Elemental Impurities—Limits
approval by the Expert Committee.
(GCCA : K.Zaidi.)
Correspondence Number—C89972

Comment deadline: July 31, 2011
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Add the following:
233

ELEMENTAL IMPURITIES—PROCEDURES
INTRODUCTION

This chapter describes analytical procedures for the evaluation of elemental impurities in USP
for drug substances and drug products (including natural-source and rDNA biologics); in NF for
excipients; and in the USP Dietary Supplements Compendium for dietary supplements and
dietary ingredients (all drug articles). Two referee procedures are described. Criteria for the
approval of alternative procedures are also described. An alternative procedure will require
complete validation for each element of interest. In addition, a system suitability evaluation
using a USP Reference Standard or its equivalent should be demonstrated on the day of
analysis. Alternative procedures that meet the validation requirements described herein are
considered to be equivalent to Procedures 1 and 2. A decision-tree that can be used to guide a
user to an appropriate alternative procedure is presented in Figure 1. The test requirement is
specified in General Notices or the individual monograph.
Speciation
When elements are present in certain complexes, oxidation states, or organic combinations,
they may show more significant toxicity than in other forms and may require further testing and
control. The determination of the oxidation state or organic complex or combination is termed
speciation. Analytical procedures for speciation are not included in this chapter.

Figure 1. Elemental impurities decision tree.
ALTERNATIVE PROCEDURE VALIDATION REQUIREMENTS
The level of validation necessary to ensure that a procedure is appropriate for its intended
purpose—that is, that it is acceptable—will differ, depending on whether a limit test or a
quantitative determination is necessary. The requirements for validation of an elemental
impurities procedure for either type of determination are described below.

PF 37(3): May-Jun. 2011

27

VALIDATION OF LIMIT PROCEDURES
For elemental impurities, validation of a limit procedure should include accuracy, precision, and
specificity. Following are acceptable validation parameters that allow a procedure to be deemed
appropriate as a limit procedure:
Accuracy
Control Sample—A preparation of certified reference materials for the element of interest at
the indicated level
Test Sample—A sample of material under test, spiked with certified reference materials for the
element of interest at the indicated level, prepared in triplicate
Acceptance Criteria—Each Test sample provides a signal of intensity or value equivalent to or
greater than that of the Control sample. [Note—The signal obtained must show a change from
the value obtained compared to a blank determination. ] The accuracy of the method must be
determined by conducting studies with test materials supplemented with known concentrations
of each element at the appropriate acceptance limit concentration. The test materials must be
spiked before any sample preparation steps are taken. For example, if a test material is to be
digested with a closed vessel microwave digestion apparatus, the material must be spiked
before the digestion procedure.
Precision for Instrumental Methods (Repeatability)
[Note—Noninstrumental precision is demonstrated by meeting the Accuracy requirement above.
]
Test Samples:Six independent samples of the material under test, spiked with certified
reference materials for the element of interest at the indicated level
Acceptance Criteria:Relative standard deviation, NMT 20%
Specificity
Specificity (false-negative) for an element in the material under test will be deemed
acceptable if acceptance criteria for accuracy and precision are obtained for that element in
the presence of other elements that, at their indicated limits, may interfere with the
evaluation.
Specificity (false-positive) must also show an absence of signal for an element in the
presence of other elements that, at their indicated limits, may interfere with the evaluation.
VALIDATION OF QUANTITATIVE PROCEDURES
The following section defines the validation parameters for the acceptability of a quantitative
procedure. Meeting these requirements must be demonstrated experimentally, using an
appropriate system suitability procedure and reference material.
Accuracy
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Control Sample 1:0.5J, of the certified reference materials for the element of interest, where J
is the indicated limit
Control Sample 2:J, of the certified reference materials for the element of interest, where J is
the indicated limit
Control Sample 3:1.5J, of the certified reference materials for the element of interest, where J
is the indicated limit
Test Sample 1:Sample of material under test, spiked with certified reference materials for the
element of interest at 0.5J, where J is the indicated limit [Note—Prepare in triplicate. ]
Test Sample 2:Sample of material under test, spiked with certified reference materials for the
element of interest at J, where J is the indicated limit [Note—Prepare in triplicate. ]
Test Sample 3:Sample of material under test, spiked with certified reference materials for the
element of interest at 1.5J, where J is the indicated limit [Note—Prepare in triplicate. ]
Acceptance Criteria:Spike recovery: 80%–150% for the mean of three replicate preparations
at each concentration. The test materials must be supplemented before any sample preparation
steps. For example, if a test material is to be digested with a closed vessel microwave digestion
apparatus, the material must be spiked at the beginning of the digestion procedure.
Precision
REPEATABILITY
Test Samples:Six independent samples of material under test, spiked with certified reference
materials for the element of interest at the indicated level
Acceptance Criteria:Relative standard deviation, NMT 20%
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the method must be established.
Acceptable experiments for establishing intermediate precision include performing the
Repeatability analysis
1. On different days,
2. With different instrumentation, or
3. With different analysts.

Note that executing only one of the three experiments listed is required in order to demonstrate
intermediate precision.
Acceptance Criteria:Relative standard deviation, NMT 25%
Specificity
Specificity (false-negative) for an element in the material under test will be deemed
acceptable if acceptance criteria for accuracy and precision are obtained for that element in
the presence of other elements that may interfere with the evaluation, at their indicated limits.
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Specificity (false-positive) must also show an absence of signal for an element in the
presence of other elements that, at their indicated limits, may interfere with the evaluation.
Limit of Quantitation (Sensitivity)—Demonstrated by meeting the Accuracy requirement.
REFEREE PROCEDURES 1 AND 2
Procedure and Detection Technique
Procedure 1 can be used for elemental impurities generally amenable to detection by inductively
coupled plasma–atomic (optical) emission spectroscopy (ICP-OES). Procedure 2 can be used for
elemental impurities generally amenable to detection by inductively coupled plasma–mass
spectrometry (ICP-MS).
Verification
Before the initial use of a referee procedure, the analyst should ensure that the procedure is
appropriate for the instrument and sample used. This is accomplished by procedure verification,
as described in Verification of Compendial Procedures

1226 .

Sample Preparation
Sample preparation is critical to the successful completion of the evaluation. Use the flow chart
in Figure 1 to determine the means of sample preparation. The sample preparation scheme
should yield sufficient sample to allow quantification of each element at the specified limit
stated in the corresponding monograph or chapter. [Note—All liquid samples should be weighed.
]
Closed Vessel Microwave Digestion—This sample preparation procedure is designed for
samples that must be digested. The procedure also applies to samples that are not soluble in
nitric acid. [Note—Weights and volumes provided may be adjusted to meet the requirements of
the microwave digestion apparatus used, if proportions remain constant. ]
Sample Preparation—Dehydrate and predigest 0.5 g of sample in 5 mL of freshly prepared aqua
regia.1 Sulfuric acid may also be used as a last resort.2 Allow the sample to sit loosely covered
for 30 min in a fume hood. Add 10 mL more of aqua regia, and digest, using a closed vessel
microwave technique. Microwave until digestion or extraction is complete. Repeat if necessary
by adding 5 mL more of aqua regia. [Note—Where closed vessel microwave digestion is
necessary, follow the manufacturer’s recommended procedures to ensure safe usage. ] [Note
—In closed vessel microwave digestion, the use of concentrated hydrofluoric acid (HF) is not
recommended. However, when its use is necessary, practice the utmost caution in the
preparation of test articles, and review or establish local procedures for safe handling, safe
disposal, and HF-tolerant instrumental configurations. ]
Reagents—All reagents used for the preparation of sample and standard solutions should be
free of elemental impurities, in accordance with Plasma Spectrochemistry 730 . Reagents
should be commercial elemental stock standards that are National Institute of Standards and
Technology (NIST)–traceable, at a recommended concentration of 100 µg/mL or greater; or
appropriate USP Reference Standards, as either single element or multielement.
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Procedure 1: ICP-OES
Sample Solution:Proceed as directed in Sample preparation above. When closed vessel
microwave digestion is used, proceed as directed above, allow the digestion vessel to cool (add
an appropriate stabilizer, such as gold at about 0.1 ppm, for mercury measurement), and dilute
with Purified Water to 50.0 mL.
Calibration Solution 1:2J of the element of interest in a matched matrix (acid concentrations
similar to that of the Sample solution), where J is the limit for the specific elemental impurity.
[Note—Multiple elements of interest may be included in this solution at the same concentration
ratio. For mercury analysis, add an appropriate stabilizer, such as gold at about 0.1 ppm. ]
Calibration Solution 2:0.1J of the element of interest in a matched matrix (acid
concentrations similar to that of the Sample solution), where J is the limit for the specific
elemental impurity. [Note—Multiple elements of interest may be included in this solution at the
same concentration ratio. For mercury analysis, add an appropriate stabilizer, such as gold at
about 0.1 ppm. ]
Check Standard Solution:1 ppm of the element of interest in a matched matrix (acid
concentrations similar to that of the Sample solution) [Note—Multiple elements of interest may
be included in this solution at 1 ppm each. For mercury analysis, add an appropriate stabilizer,
such as gold at about 0.1 ppm. ]
Blank:Matched matrix (acid concentrations similar to that of the Sample solution)
Elemental Spectrometric System (see Plasma Spectrochemistry

730 )

Mode:ICP
Detector:Optical emission spectroscopy
Rinse:5% aqua regia
Calibration:Two-point, using Calibration solution 1, Calibration solution 2, and Blank
System Suitability
Sample:Check Standard Solution
Suitability requirements—
Drift: differs from actual concentration by NMT 20%. [Note—If samples are high in mineral
content, to minimize sample carryover, rinse system well (60 sec) before introducing Check
Standard Solution. ]
Analysis:Analyze according to manufacturer’s suggestions for program and wavelength.
Calculate and report results on the basis of the original sample size.
Procedure 2: ICP-MS
Sample Solution:Proceed as directed in Sample preparation above, and add appropriate
internal standards at appropriate concentrations.
When closed vessel microwave digestion is used, proceed as directed above, allow the
digestion vessel to cool, add appropriate internal standards at appropriate concentrations (gold
should be one of the internal standards for mercury measurement), and dilute with Purified
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water to 50.0 mL.
Calibration Solution 1:2J of the element of interest in a matched matrix (acid concentrations
similar to that of the Sample solution), where J is the limit for the specific elemental impurity.
[Note—Multiple elements of interest may be included in this solution at the same concentration
ratio. For mercury analysis, add an appropriate stabilizer, such as gold at about 0.1 ppm. ]
Calibration Solution 2:0.1J of the element of interest in a matched matrix (acid
concentrations similar to that of the Sample solution), where J is the limit for the specific
elemental impurity. [Note—Multiple elements of interest may be included in this solution at the
same concentration ratio. For mercury analysis, add an appropriate stabilizer, such as gold at
about 0.1 ppm. ]
Blank:Matched matrix (acid concentrations similar to that of the Sample solution)
Elemental Spectrometric System (see Plasma Spectrochemistry

730 )

Mode:ICP [Note—An instrument with a cooled spray chamber is recommended. ]
Detector:Mass spectrometer
Rinse: 5% aqua regia
Calibration:Calibration solution 1, Calibration solution 2, and Blank
System Suitability
Sample:Calibration solution 1
Suitability requirements—
Drift:differs from actual concentration by NMT 20%. [Note—If samples are high in mineral
content, rinse system well (60 sec) before introducing Check Standard Solution to minimize
sample carryover. ]
Analysis:Analyze per manufacturer’s suggestions for program and m/z. Calculate and report
results based on the original sample size. [Note—Arsenic is subject to interference from argon
chloride. Appropriate measures, including a sample preparation without aqua regia, must be
taken to correct for the interference, depending on instrumental capabilities. ]
CALCULATIONS AND REPORTING
Upon completion of the analysis, calculate the final concentration of a given element in the
test article (µg/g) from the solution element concentration (µg/mL) as follows:
C = [(A × V1 ) / W] × (V2 / V3 )
where
C = concentration of analyte (µg/g)
A = instrument reading (µg/mL)
V1 = volume of initial test article preparation (mL)
W = weight of test article preparation (g)
V2 = total volume of any dilution performed (mL)
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V3 = aliquot of initial test article preparation used in any dilution performed (mL)
Similarly, calculate the final concentration of a given element in the test article (µg/g) from the
solution element concentration (ng/mL) as follows:
C = [(A × V1 ) / W] × (1 µg / 1000 ng)(V2 / V3 )
C = concentration of analyte (µg/g)
A = instrument reading (ng/mL)
V1 = volume of initial test article preparation (mL)
W = weight of test article preparation (g)
V2 = total volume of any dilution performed (mL)
V3 = aliquot of initial test article preparation used in any dilution performed (mL)
INTRODUCTION
This chapter describes two analytical procedures (Procedures 1 and 2) for the evaluation of
the levels of the elemental impurities that are described in Elemental Impurities—Limits

232

and Elemental Contaminants in Dietary Supplements 2232 . The chapter also describes
criteria for acceptable alternative procedures. Alternative procedures that meet the validation
requirements described herein may be considered equivalent to Procedures 1 and 2 for the
purposes of this test. In addition, system standardization and suitability evaluation using
applicable reference materials should be performed on the day of analysis. The requirement for
an elemental impurity test is specified in General Notices and Requirements or in the individual
monograph. By means of verification studies, analysts will confirm that the analytical
procedures described herein, as well as alternative analytical procedures, are suitable for use
on specified material.
Speciation
The determination of the oxidation state, organic complex or combination is termed speciation.
Analytical procedures for speciation are not included in this chapter but examples may be found
elsewhere in the USP–NF and in the literature.
Definitions
Concentrated Acid: Concentrated ultra-pure nitric, sulfuric, hydrochloric, or hydrofluoric acids
or Aqua Regia
Matched Matrix: Solutions having the same solvent composition as the Sample solution. In the
case of aqueous solution, matched matrix would indicate that the same acids, acid
concentrations, and mercury stabilizer are used in both preparations.
Target Elements: Elements with the potential of being present in the material under test.
Target Elements must include lead, mercury, arsenic, and cadmium and should include any of
those remaining elemental impurities presented in general chapter Elemental Impurities—Limits
232 that are used in production of the material under test or the components therein.
Target Elements should also include any other elements that may be added through material
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processing or storage or any elements whose presence may interfere with the operation of the
analytical procedures. [Note—Exclusion of elements from the list does not exempt the user from
compliance with the requirements described in Elemental Impurities—Limits 232 or in this
chapter. ]
Target Limit or Target Concentration: The uppermost acceptance value for the elemental
impurity being evaluated. Exceeding the target limit indicates that a material under test
exceeds the acceptable value. The determination of compliance is addressed in other chapters.
[Note—Target Limits can be approximated by dividing the Modified Daily Dose PDEs by the
maximum daily dose for the Drug Product Analysis Option in
divided by the maximum daily serving size in

2232

232

or the Daily Serving PDE

] (see Elemental Impurities—Limits

232

or Elemental Contaminants in Dietary Supplements 2232 ).
J: The concentration (w/w) of the element(s) of interest at the Target Limit, appropriately
diluted to the working range of the instrument.
Appropriate Reference Materials: Where Appropriate Reference Materials are specified in the
chapter, certified reference materials (CRM) from a national metrology institute (NMI, e.g., the
National Institute of Standards and Technology in the United States) or reference materials
that are traceable to the CRM of a NMI should be used.
COMPENDIAL PROCEDURES 1 AND 2
Procedure and Detection Technique
Procedure 1 can be used for elemental impurities generally amenable to detection by inductively
coupled plasma–atomic (optical) emission spectroscopy (ICP–AES or ICP–OES). Procedure 2
can be used for elemental impurities generally amenable to detection by inductively coupled
plasma–mass spectrometry (ICP–MS). Before initial use, the analyst should verify that the
procedure is appropriate for the instrument and sample used (procedural verification) by
meeting the Alternative Procedure Validation requirements below.
Sample Preparation
Forms of sample preparation include Neat, Direct Aqueous Solution, Direct Organic Solution, and
Indirect Solution. The selection of the appropriate sample preparation depends on the material
under test and is the responsibility of the analyst. When a sample preparation is not indicated
in the monograph, an analyst may use any of the following appropriately verified preparation
procedures. Samples and blanks may be spiked with Target Elements where an analyte has
limited solubility in the solvent system of choice. Standard solutions may contain multiple
Target Elements. [Note—All liquid samples should be weighed. ]
Neat: Used for liquids or alternative procedures that allow the examination of unsolvated
samples.
Direct Aqueous Solution: Used when the sample is soluble in an aqueous solvent.
Direct Organic Solution: Used where the sample is soluble in an organic solvent.
Indirect Solution: Used when a material is not directly soluble in aqueous or organic solvents.
Digest the sample using a closed-vessel digestion procedure, similar to the procedure provided
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below. The sample preparation scheme should yield sufficient sample to allow quantification of
each element at the limit specified in the corresponding monograph or chapter.
Closed Vessel Digestion: This sample-preparation procedure is designed for samples that
must be digested in a Concentrated Acid using a closed-vessel digestion apparatus. Closedvessel digestion minimizes the loss of volatile impurities. The choice of a Concentrated Acid
depends on the sample matrix. The use of any of the Concentrated Acids may be appropriate,
but each introduces inherent safety risks. Therefore, appropriate safety precautions should be
employed at all times. [Note—Weights and volumes provided may be adjusted to meet the
requirements of the digestion apparatus used. ]
An example procedure that has been shown to have broad applicability is the following:
Dehydrate and predigest 0.5 g of primary sample in 5 mL of freshly prepared Concentrated Acid.
Allow to sit loosely covered for 30 minutes in a fume hood. Add an additional 10 mL of
Concentrated Acid, and digest, using a closed vessel technique, until digestion or extraction is
complete. Repeat if necessary by adding an additional 5 mL of Concentrated Acid. [Note
—Where closed vessel digestion is necessary, follow the manufacturer's recommended
procedures to ensure safe use. ]
Reagents: All reagents used for the preparation of sample and standard solutions should be
free of elemental impurities, in accordance with Plasma Spectrochemistry

730 .

Procedure 1: ICP-AES
Standardization Solution 1: 2J of the Target Element(s) in a Matched Matrix
Standardization Solution 2: 0.5J of the Target Element(s) in a Matched Matrix
Sample Stock Solution: Proceed as directed in Sample Preparation above. Allow the sample to
cool, if necessary. For mercury determination, add an appropriate stabilizer.
Sample Solution: Dilute the Sample Stock Solution with an appropriate solvent to obtain a final
concentration of the Target Elements at NMT 2J.
Blank: Matched Matrix
Elemental Spectrometric System
(See Plasma Spectrochemistry

730 .)

Mode: ICP
Detector: Optical detection system
Rinse: Diluent used
Standardization: Standardization Solution 1, Standardization Solution 2, and Blank
System Suitability
Sample: Standardization Solution 1
Suitability requirements
Drift: Compare results obtained from Standardization Solution 1 before and after the analyis
of the Sample Solutions.
Suitability criteria: NMT 20% for each Target Element. [Note—If samples are high in mineral
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content, rinse system well (60 seconds) before introducing the Sample in order to minimize
carryover. ]
Analysis: Analyze according to the manufacturer's suggestions for program and wavelength.
Calculate and report results on the basis of the original sample size.
Procedure 2: ICP-MS
Standardization Solution 1: 2J of the Target Element(s) in a Matched Matrix
Standardization Solution 2: 0.5J of the Target Element(s) in a Matched Matrix
Sample Stock Solution: Proceed as directed for Sample Preparation above. Allow the sample
to cool, if necessary. For mercury determination, add an appropriate stabilizer.
Sample Solution: Dilute the Sample Stock Solution with an appropriate solvent to obtain a final
concentration of the Target Elements at NMT 2J.
Blank: Matched Matrix
Elemental Spectrometric System
(See Plasma Spectrochemistry

730 .)

Mode: ICP. [Note—An instrument with a cooled spray chamber is recommended. ]
Detector: Mass spectrometer
Rinse: Diluent used
Standardization: Standardization Solution 1, Standardization Solution 2, and Blank
System Suitability
Sample: Standardization Solution 1
Suitability requirements
Drift: Compare results obtained from Standardization Solution 1 before and after the analyis
of the Sample Solutions.
Suitability criteria: NMT 20% for each Target Element. [Note—If samples are high in mineral
content, rinse system well (60 seconds) before introducing the Sample in order to minimize
carryover. ]
Analysis: Analyze according to the manufacturer's suggestions for program and m/z. Calculate
and report results based on the original sample size. [Note—Appropriate measures must be
taken to correct for matrix-induced interferences (e.g., argon chloride interference with arsenic
determinations. ]
ALTERNATE PROCEDURE VALIDATION
If a specified compendial procedure does not meet the needs of a specific application, an
alternative procedure may be used (see General Notices 6.30). Alternative procedures must be
validated and must be acceptable and therefore equivalent to the compendial procedures for
the purposes of the test. The principles of validation are provided in general chapter Validation
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of Compendial Procedures 1225 . The level of validation necessary to ensure that an
alternative procedure is acceptable depends on whether a limit test or a quantitative
determination is necessary. The requirements for validation of an elemental impurities procedure
for either type of determination are described below. Where this information differs from that
presented in Validation of Compendial Procedures 1225 , the parameters and acceptance
criteria presented in this chapter take precedence. Any alternative procedure that has been
validated and meets the acceptance criteria that follow is considered to be equivalent to the
compendial procedures for the purposes of this test.
LIMIT PROCEDURES
The following section defines the validation parameters for the acceptability of alternative limit
procedures. Meeting these requirements must be demonstrated experimentally using an
appropriate system suitability procedure and reference material. Meeting these requirements
demonstrates that the procedure is equivalent to the compendial procedure as a limit procedure
for the Target Element.
The suitability of the method must be determined by conducting studies with test materials
supplemented with known concentrations of each Target Element of interest at the appropriate
acceptance limit concentration. The test materials must be spiked before any sample
preparation steps are performed.
Detectability
Standard Solution: A preparation of reference materials for the Target Element(s) at the
Target Concentrations.
Spiked Sample Solution 1: Prepare a solution of sample under test, spiked with appropriate
reference materials for the Target Elements at the Target Concentration, solubilized or
digested as described in Sample Preparation.
Spiked Sample Solution 2: Prepare a solution of the sample under test, spiked with
appropriate reference materials at 80% of the Target Concentration for the Target Elements,
solubilized or digested as described in Sample Preparation.
Blank solution: A sample of material under test, solubilized or digested in the same manner as
the Sample Solutions.
Acceptance Criteria
Non-Instrumental Procedures: Spiked Sample Solution 1 provides a signal or intensity
equivalent to or greater than that of the Standard Solution. Spiked Sample Solution 2 must
provide a signal or intensity less than that of the Spiked Solution 1. [Note—The signal from
each Spiked Sample is NLT the blank determination. ]
Instrumental Procedures: The average value of the replicate measurements of Spiked
Sample Solution 1 is equivalent to (±10%) or greater than that of the average value obtained
for the replicate measurements of the Standard Solution. The average value of the replicate
measurements of Spiked Sample Solution 2 must provide a signal intensity or value less than
that of the Standard Solution. [Note—Correct the values obtained for each of the spiked
solutions using the Blank Solution. ]
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Precision for Instrumental Methods (Repeatability)
[Note—Non-instrumental precision is demonstrated by meeting the Limit of Detection
requirement above. ]
Sample Solutions: Six independent samples of the material under test, spiked with appropriate
reference materials for the Target Elements at the indicated levels.
Acceptance Criteria
Relative standard deviation: NMT 20% for each Target Element.
Specificity
The procedure must be able to unequivocally assess each Target Element in the presence of
components that may be expected to be present, including other Target Elements, and matrix
components.
QUANTITATIVE PROCEDURES
The following section defines the validation parameters for the acceptability of alternative
quantitative procedures. Meeting these requirements must be demonstrated experimentally,
using an appropriate system suitability procedure and reference material. Meeting these
requirements demonstrates that the procedure is equivalent to the compendial procedure for
the purpose of quantifying the Target Elements.
Accuracy
Standard Solutions: Prepare solutions containing the Target Elements at concentrations
ranging from 50% to 150% of J, using appropriate reference materials.
Test Samples: Prepare samples of the material under test spiked with appropriate reference
materials before any sample preparation steps (digestion or solubilization) at concentrations
ranging from 50% to 150% of J for each Target Element.
Acceptance Criteria
Spike recovery: 70%–150% for the mean of three replicate preparations at each
concentration.
Precision
REPEATABILITY
Test Samples: Six independent samples of material under test [Note—Taken from the same lot
] spiked with appropriate reference materials for the Target Element(s) at the indicated level.
Acceptance Criteria
Relative standard deviation: NMT 20% for each Target Element.
RUGGEDNESS
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Perform the Repeatability analysis
1. on different days, or
2. with different instrumentation, or
3. with different analysts.
Executing only one of the three experiments listed is required to demonstrate ruggedness.
Acceptance Criteria
Relative standard deviation: NMT 20% for each Target Element.
Specificity
The procedure must be able to unequivocally assess each Target Element in the presence of
components that may be expected to be present, including other Target Elements, and matrix
components.
Limit of Quantitation, Range, and Linearity: Demonstrated by meeting the Accuracy
requirement.
1S (USP35)

1 Ultra pure nitric acid/hydrochloric acid (1:3) prepared as needed. (A 1%–5% solution of aqua regia is used
as a rinsing solution between analyses and as calibration blanks.)
2 Sulfuric acid should be used only when absolutely needed, for the following reasons:
Upon addition of sulfuric acid, elements may be lost as a result of extreme exothermic reaction.
The viscosity of sulfuric acid is higher than that of other acids, which affects the overall flow of
solution.

BRIEFING
621 Chromatography, USP 34 page 243. The Chemical Analysis Expert Committee is
proposing to revise general test chapter Chromatography 621 , to incorporate some of the
ideas and approaches previously presented for public comments in the Stimuli article titled
Transfer of HPLC Procedures to Suitable Columns of Reduced Dimensions and Particle Sizes by
Neue et al., published in PF 35(6) [Nov.–Dec. 2009], pages 1622–1626. The Stimuli article
promoted the adoption of a more flexible approach to select HPLC column dimensions allowing
the analyst to choose a combination of column length and particle size to achieve separation
power equivalent to that obtained using the prescribed column. This approach markedly
increases the range of options currently allowed in the chapter, and helps reducing solvent
consumption and the time of the analysis, which is consistent with the current laboratory
practices. Several examples are included to illustrate the proposed approach.
(GCCA: H. Pappa.)
Correspondence Number—C89453; C89452; C88997; C87001; C893899; C89456; C89463;
C93899

Comment deadline: July 31, 2011
Change to read:
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621

CHROMATOGRAPHY

INTRODUCTION
Chromatographic separation techniques are multistage separation methods in which the
components of a sample are distributed between two phases, of which one is stationary and
the other mobile. The stationary phase may be a solid or a liquid supported on a solid or a gel.
The stationary phase may be packed in a column, spread as a layer, distributed as a film, or
applied by other techniques. The mobile phase may be gaseous or liquid or supercritical fluid.
The separation may be based on adsorption, mass distribution (partition), or ion exchange; or it
may be based on differences among the physicochemical properties of the molecules, such as
size, mass, and volume. This chapter contains general procedures, definitions, and calculations
of common parameters and describes general requirements for system suitability. The types of
chromatography useful in qualitative and quantitative analysis employed in USP procedures are
column, gas, paper, thin-layer (including high-performance thin-layer chromatography), and
pressurized liquid chromatography (commonly called high-pressure or high-performance liquid
chromatography).
GENERAL PROCEDURES
This section describes the basic procedures used when a chromatographic method is described
in a monograph. The following procedures are followed unless otherwise indicated in the
individual monograph.
Paper Chromatography
Stationary Phase: The stationary phase is a sheet of paper of suitable texture and thickness.
Development may be ascending, in which the solvent is carried up the paper by capillary forces,
or descending, in which the solvent flow is also assisted by gravitational force. The orientation
of paper grain with respect to solvent flow is to be kept constant in a series of chromatograms.
(The machine direction is usually designated by the manufacturer.)
Apparatus: The essential equipment for paper chromatography consists of a vapor-tight
chamber with inlets for addition of solvent and a rack of corrosion-resistant material about 5
cm shorter than the inside height of the chamber. The rack serves as a support for solvent
troughs and for antisiphon rods that, in turn, hold up the chromatographic sheets. The bottom
of the chamber is covered with the prescribed solvent system or mobile phase. Saturation of
the chamber with solvent vapor is facilitated by lining the inside walls with paper wetted with
the prescribed solvent system.
Spotting: The substance or substances analyzed are dissolved in a suitable solvent.
Convenient volumes, delivered from suitable micropipets, of the resulting solution, normally
containing 1–20 µg of the compound, are placed in 6- to 10-mm spots not less than 3 cm
apart.
Descending Paper Chromatography Procedure
1. A spotted chromatographic sheet is suspended in the apparatus, using the antisiphon
rod to hold the upper end of the sheet in the solvent trough. [Note—Ensure that the
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portion of the sheet hanging below the rods is freely suspended in the chamber without
touching the rack, the chamber walls, or the fluid in the chamber. ]
The chamber is sealed to allow equilibration (saturation) of the chamber and the paper
with the solvent vapor. Any excess pressure is released as necessary.
After equilibration of the chamber, the prepared mobile phase is introduced into the
trough through the inlet.
The inlet is closed, and the mobile phase is allowed to travel the desired distance down
the paper.
The sheet is removed from the chamber.
The location of the solvent front is quickly marked, and the sheet is dried.
The chromatogram is observed and measured directly or after suitable development to
reveal the location of the spots of the isolated drug or drugs.

Ascending Paper Chromatography Procedure
1. The mobile phase is added to the bottom of the chamber.
2. The chamber is sealed to allow equilibration (saturation) of the chamber and the paper
with the solvent vapor. Any excess pressure is released as necessary.
3. The lower edge of the stationary phase is dipped into the mobile phase to permit the
mobile phase to rise on the chromatographic sheet by capillary action.
4. When the solvent front has reached the desired height, the chamber is opened, the
sheet is removed, the location of the solvent front is quickly marked, and the sheet is
dried.
5. The chromatogram is observed and measured directly or after suitable development to
reveal the location of the spots of the isolated drug or drugs.
Thin-Layer Chromatography
Stationary Phase: The stationary phase is a relatively thin, uniform layer of dry, finely
powdered material applied to a glass, plastic, or metal sheet or plate (typically called the
plate). The stationary phase of TLC plates has an average particle size of 10–15 µm, and that
of high-performance TLC (HPTLC) plates has an average particle size of 5 µm. Commercial
plates with a preadsorbent zone can be used if they are specified in a monograph. Sample
applied to the preadsorbent region develops into sharp, narrow bands at the preadsorbent–
sorbent interface. The separations achieved may be based on adsorption, partition, or a
combination of both effects, depending on the particular type of stationary phase.
Apparatus: A chromatographic chamber made of inert, transparent material and having the
following specifications is used: a flat-bottom or twin trough, a tightly fitted lid, and a size
suitable for the plates. The chamber is lined on at least one wall with filter paper. Sufficient
mobile phase or developing solvent is added to the chamber that, after impregnation of the
filter paper, a depth appropriate to the dimensions of the plate used is available. The
chromatographic chamber is closed and allowed to equilibrate. [Note—Unless otherwise
indicated, the chromatographic separations are performed in a saturated chamber. ]
Detection/Visualization: An ultraviolet (UV) light source suitable for observations under
short- (254 nm) and long- (365 nm) wavelength UV light and a variety of other spray reagents
used to make spots visible are often used.
Spotting: Solutions are spotted on the surface of the stationary phase (plate) at the
prescribed volume in sufficiently small portions to obtain circular spots of 2–5 mm in diameter
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(1–2 mm on HPTLC plates) or bands of 10–20 mm × 1–2 mm (5–10 mm × 0.5–1 mm on HPTLC
plates) at an appropriate distance from the lower edge of and sides of the plate. [Note—During
development, the application position must be at least 5 mm (TLC) or 3 mm (HPTLC) above the
level of the mobile phase. ] The solutions are applied on a line parallel to the lower edge of the
plate with an interval of at least 10 mm (5 mm on HPTLC plates) between the centers of spots,
or 4 mm (2 mm on HPTLC plates) between the edges of bands, then allowed to dry.
Procedure
1. Place the plate in the chamber, ensuring that the spots or bands are above the surface
of the mobile phase.
2. Close the chamber.
3. Allow the mobile phase to ascend the plate until the solvent front has traveled threequarters of the length of the plate, or the distance prescribed in the monograph.
4. Remove the plate, mark the solvent front with a pencil, and allow to dry.
5. Visualize the chromatograms as prescribed.
6. Determine the chromatographic retardation factor (RF) values for the principal spots or
zones.
7. Presumptive identification can be made by observation of spots or zones of identical RF
value and about equal magnitude obtained, respectively, with an unknown and a
standard chromatographed on the same plate. A visual comparison of the size or
intensity of the spots or zones may serve for semiquantitative estimation. Quantitative
measurements are possible by means of densitometry (absorbence or fluorescence
measurements).
Column Chromatography
Solid Support: Purified siliceous earth is used for normal-phase separation. Silanized
chromatographic siliceous earth is used for reverse-phase partition chromatography.
Stationary Phase: The solid support is modified by the addition of a stationary phase specified
in the individual monograph. If a mixture of liquids is used as the stationary phase, mix the
liquids before the introduction of the solid support.
Mobile Phase: The mobile phase is specified in the individual monograph. If the stationary
phase is an aqueous solution, equilibrate with water. If the stationary phase is a polar organic
fluid, equilibrate with that fluid.
Apparatus: Unless otherwise specified in the individual monograph, the chromatographic tube
is about 22 mm in inside diameter and 200–300 mm long. Attached to it is a delivery tube,
without stopcock, about 4 mm in inside diameter and about 50 mm long.
APPARATUS PREPARATION:Pack a pledget of fine glass wool in the base of the tube. Combine
the specified volume of stationary phase and the specified amount of solid support to produce
a homogeneous, fluffy mixture. Transfer this mixture to the chromatographic tube, and tamp,
using gentle pressure, to obtain a uniform mass. If the specified amount of solid support is more
than 3 g, transfer the mixture to the column in portions of approximately 2 g, and tamp each
portion. If the assay or test requires a multisegment column with a different stationary phase
specified for each segment, tamp after the addition of each segment, and add each succeeding
segment directly to the previous one. Pack a pledget of fine glass wool above the completed
column packing. [Note—The mobile phase should flow through a properly packed column as a
moderate stream or, if reverse-phase chromatography is applied, as a slow trickle. ]
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If a solution of the analyte is incorporated into the stationary phase, complete the quantitative
transfer to the chromatographic tube by scrubbing the beaker used for the preparation of the
test mixture with a mixture of about 1 g of Solid Support and several drops of the solvent used
to prepare the sample solution before adding the final portion of glass wool.
Procedure
1. Transfer the mobile phase to the column space above the column packing, and allow it
to flow through the column under the influence of gravity.
2. Rinse the tip of the chromatographic column with about 1 mL of mobile phase before
each change in composition of mobile phase and after completion of the elution.
3. If the analyte is introduced into the column as a solution in the mobile phase, allow it to
pass completely into the column packing, then add mobile phase in several small
portions, allowing each to drain completely, before adding the bulk of the mobile phase.
4. Where the procedure indicates the use of multiple chromatographic columns mounted in
series and the addition of mobile phase in divided portions is specified, allow each
portion to drain completely through each column, and rinse the tip of each with mobile
phase before the addition of each succeeding portion.
Gas Chromatography (GC)
Liquid Stationary Phase: This type of phase is available in packed or capillary columns.
Packed Column GC: The liquid stationary phase is deposited on a finely divided, inert solid
support, such as diatomaceous earth, porous polymer, or graphitized carbon, which is packed
into a column that is typically 2–4 mm in internal diameter and 1–3 m in length.
Capillary Column GC: In capillary columns, which contain no packed solid support, the liquid
stationary phase is deposited on the inner surface of the column and may be chemically bonded
to it.
Solid Stationary Phase: This type of phase is available only in packed columns. In these
columns the solid phase is an active adsorbent, such as alumina, silica, or carbon, packed into
a column. Polyaromatic porous resins, which are sometimes used in packed columns, are not
coated with a liquid phase. [Note—Packed and capillary columns must be conditioned before
use until the baseline and other characteristics are stable. The column or packing material
supplier provides instructions for the recommended conditioning procedure. ]
Apparatus: A gas chromatograph consists of a carrier gas source, injection port, column,
detector, and recording device. The injection port, column, and detector are temperature
controlled and may be varied as part of the analysis. The typical carrier gas is helium, nitrogen,
or hydrogen, depending on the column and detector in use. The type of detector used depends
on the nature of the compounds analyzed and is specified in the individual monograph. Detector
output is recorded as a function of time, and the instrument response, measured as peak area
or peak height, is a function of the amount present.
Temperature Program: The length and quality of a GC separation can be controlled by
altering the temperature of the chromatographic column. When a temperature program is
necessary, the individual monograph indicates the conditions in table format. The table
indicates the initial temperature, rate of temperature change (ramp), final temperature, and
hold time at the final temperature.
Procedure
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1. Equilibrate the column, injector, and detector with flowing carrier gas until a constant
signal is received.
2. Inject a sample through the injector septum, or use an autosampler.
3. Begin the temperature program.
4. Record the chromatogram.
5. Analyze as indicated in the monograph.
Liquid Chromatography (LC)
The term liquid chromatography, as used in the compendia, is synonymous with high-pressure
liquid chromatography and high-performance liquid chromatography. LC is a separation
technique based on a solid stationary phase and a liquid mobile phase.
Stationary Phase: Separations are achieved by partition, adsorption, or ion-exchange
processes, depending on the type of stationary phase used. The most commonly used
stationary phases are modified silica or polymeric beads. The beads are modified by the addition
of long-chain hydrocarbons. The specific type of packing needed to complete an analysis is
indicated by the "L" designation in the individual monograph (see also the section
Chromatographic Columns, below). The size of the beads is often described in the monograph
as well. Changes in the packing type and size are covered in the System Suitability section of
this chapter.
Chromatographic Column: The term column includes stainless steel, lined stainless steel, and
polymeric columns, packed with a stationary phase. The length and inner diameter of the
column affects the separation, and therefore typical column dimensions are included in the
individual monograph. Changes to column dimensions are discussed in the System Suitability
section of this chapter. Compendial monographs do not include the name of appropriate
columns; this omission avoids the appearance of endorsement of a vendor's product and natural
changes in the marketplace. See the section Chromatographic Columns for more information.
Mobile Phase: The mobile phase is a solvent or a mixture of solvents, as defined in the
individual monograph.
Apparatus: A liquid chromatograph consists of a reservoir containing the mobile phase, a pump
to force the mobile phase through the system at high pressure, an injector to introduce the
sample into the mobile phase, a chromatographic column, a detector, and a data collection
device.
Gradient Elution: The technique of continuously changing the solvent composition during the
chromatographic run is called gradient elution or solvent programming. The gradient elution
profile is presented in the individual monograph as a gradient table, which lists the time and
proportional composition of the mobile phase at the stated time.
Procedure
1. Equilibrate the column and detector with mobile phase at the specified flow rate until a
constant signal is received.
2. Inject a sample through the injector, or use an autosampler.
3. Begin the gradient program.
4. Record the chromatogram.
5. Analyze as directed in the monograph.
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CHROMATOGRAPHIC COLUMNS
A complete list of packings (L), phases (G), and supports (S) used in USP–NF tests and assays
is located in USP–NF and PF, Reagents, Indicators, and Solutions—Chromatographic Columns.
This list is intended to be a convenient reference for the chromatographer in identifying the
pertinent chromatographic column specified in the individual monograph.
DEFINITIONS AND INTERPRETATION OF CHROMATOGRAMS
Chromatogram: A chromatogram is a graphical representation of the detector response,
concentration of analyte in the effluent, or other quantity used as a measure of effluent
concentration versus effluent volume or time. In planar chromatography, chromatogram may
refer to the paper or layer with the separated zones.
Figure 1 represents a typical chromatographic separation of two substances, 1 and 2. t R1 and
t R2 are the respective retention times; and h is the height, h/2 the half-height, and Wh/2 the
width at half-height, for peak 1. W1 and W2 are the respective widths of peaks 1 and 2 at the
baseline. Air peaks are a feature of gas chromatograms and correspond to the solvent front in
LC. The retention time of these air peaks, or unretained components, is designated as t M.

Figure 1. Chromatographic separation of two substances.
Dwell Volume (D): The dwell volume (also known as gradient delay volume) is the volume
between the point at which the eluents meet and the top of the column.
Hold-Up Time (tM): The hold-up time is the time required for elution of an unretained
component (see Figure 1, shown as an air or unretained solvent peak, with the baseline scale
in min).
Hold-Up Volume (VM): The hold-up volume is the volume of mobile phase required for elution
of an unretained component. It may be calculated from the hold-up time and the flow rate F, in
mm/min:
VM = t M × F
In size exclusion chromatography, the symbol VO is used.
Number of Theoretical Plates (N)1: N is a measure of column efficiency. For Gaussian peaks,
it is calculated by:
N = 16(t R/W)2
where t R is the retention time of the substance, and W is the peak width at its base, obtained
by extrapolating the relatively straight sides of the peak to the baseline. The value of N
depends upon the substance being chromatographed as well as the operating conditions, such
as the flow rate and temperature of the mobile phase or carrier gas, the quality of the packing,
the uniformity of the packing within the column, and, for capillary columns, the thickness of the
stationary phase film and the internal diameter and length of the column.
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Where electronic integrators are used, it may be convenient to determine the number of
theorical plates, by the equation:

where Wh/2 is the peak width at half-height. However, in the event of dispute, only equations
based on peak width at baseline are to be used.
Peak: The peak is the portion of the chromatographic recording of the detector response when
a single component is eluted from the column. If separation is incomplete, two or more
components may be eluted as one unresolved peak.
Peak-to-Valley Ratio (p/v): The p/v may be employed as a system suitability criterion in a
test for related substances when baseline separation between two peaks is not achieved.
Figure 2 represents a partial separation of two substances, where Hp is the height above the
extrapolated baseline of the minor peak and Hv is the height above the extrapolated baseline at
the lowest point of the curve separating the minor and major peaks:
p/v = Hp/Hv

Figure 2. Peak-to-valley ratio determination.
Relative Retardation (Rret): The relative retardation is the ratio of the distance traveled by
the analyte to the distance simultaneously traveled by a reference compound (see Figure 3)
and is used in planar chromatography.
Rret = b/c
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Figure 3. Typical planar chromatography.
Relative Retention (r)1: Is the ratio of the adjusted retention time of a component relative to
that of another used as a reference obtained under identical conditions:
r = (t R2

t M)/(t R1

t M)

where t R2 is the retention time measured from the point of injection of the compound of
interest; t R1 is the retention time measured from the point of injection of the compound used as
reference; and t M is the retention time of a nonretained marker defined in the procedure, all
determined under identical experimental conditions on the same column.
Relative Retention Time (RRT): Also known as unadjusted relative retention. Comparisons in
USP are normally made in terms of unadjusted relative retention, unless otherwise indicated.
RRT = t R2/t R1
The symbol rG is also used to designate unadjusted relative retention values.
Relative Standard Deviation in Percentage

Retardation Factor (RF): The retardation factor is the ratio of the distance traveled by the
center of the spot to the distance simultaneously traveled by the mobile phase and is used in
planar chromatography. Using the symbols in Figure 3:
RF = b/a
Retention Factor (k)1: The retention factor is also known as the capacity factor (k¢). Defined
as:

or
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The retention factor of a component may be determined from the chromatogram:
k = (t R

t M)/t M

Retention Time (tR ): In liquid chromatography and gas chromatography, the retention time,
t R, is defined as the time elapsed between the injection of the sample and the appearance of
the maximum peak response of the eluted sample zone. t R may be used as a parameter for
identification. Chromatographic retention times are characteristic of the compounds they
represent but are not unique. Coincidence of retention times of a sample and a reference
substance can be used as a partial criterion in construction of an identity profile but may not
be sufficient on its own to establish identity. Absolute retention times of a given compound
may vary from one chromatogram to the next.
Retention Volume (VR ): The retention volume is the volume of mobile phase required for
elution of a component. It may be calculated from the retention time and the flow rate in
mL/min:
VR = t R × F
Resolution (RS): The resolution is the separation of two components in a mixture, calculated
by:
RS = 2(t R2

t R1)/(W1 + W2)

where t R2 and t R1 are the retention times of the two components; and W2 and W1 are the
corresponding widths at the bases of the peaks obtained by extrapolating the relatively straight
sides of the peaks to the baseline.
Where electronic integrators are used, it may be convenient to determine the resolution, by the
equation:
RS = 1.18(t R2

t R1)/(W1,h./2 + W2,h/2 )

Separation Factor ( ): The separation factor is the relative retention calculated for two
adjacent peaks (by convention, the value of the separation factor is always >1):
= k2/k1
Symmetry Factor (AS)2: The symmetry factor (also known as the tailing factor) of a peak
(see Figure 4) is calculated by:
AS = W0.05 /2f
where W0.05 is the width of the peak at 5% height and f is the distance from the peak maximum
to the leading edge of the peak, the distance being measured at a point 5% of the peak height
from the baseline.

Figure 4. Asymmetrical chromatographic peak.
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Tailing Factor (T): See Symmetry Factor.
Change to read:
SYSTEM SUITABILITY
System suitability tests are an integral part of gas and liquid chromatographic methods. These
tests are used to verify that the chromatographic system is adequate for the intended
analysis.
The tests are based on the concept that the equipment, electronics, analytical operations, and
samples analyzed constitute an integral system that can be evaluated as such.
Factors that may affect chromatographic behavior include the following:
Composition, ionic strength, temperature, and apparent pH of the mobile phase
Flow rate, column dimensions, column temperature, and pressure
Stationary phase characteristics, including type of chromatographic support (particlebased or monolithic), particle or macropore size, porosity, and specific surface area
Reverse-phase and other surface modification of the stationary phases, the extent of
chemical modification (as expressed by end-capping, carbon loading, etc.)
The resolution, RS, is a function of the number of theoretical plates, N (also referred to as
efficiency), the separation factor, , and the capacity factor, k. [Note—All terms and symbols
are defined in the preceding section Definitions and Interpretation of Chromatograms. ] For a
given stationary phase and mobile phase, N may be specified to ensure that closely eluting
compounds are resolved from each other, to establish the general resolving power of the
system, and to ensure that internal standards are resolved from the drug. This is a less reliable
means to ensure resolution than is direct measurement. Column efficiency is, in part, a
reflection of peak sharpness, which is important for the detection of trace components.
Replicate injections of a standard preparation or other standard solutions are compared to
ascertain whether requirements for precision are met. Unless otherwise specified in the
individual monograph, data from five replicate injections of the analyte are used to calculate
the relative standard deviation, %RSD, if the requirement is 2.0% or less; data from six
replicate injections are used if the relative standard deviation requirement is more than 2.0%.
For the Assay in a drug substance monograph, where the value is 100% for the pure
substance, and no maximum relative standard deviation is stated, the maximum permitted %RSD
is calculated for a series of injections of the reference solution:
%RSD = KB n/t 90%, n

1

where K is a constant (0.349), obtained from the expression K = (0.6/ 2) × (t

90% ,5/

6), in

which 0.6/ 2 represents the required percentage relative standard deviation after six injections
for B = 1.0; B is the upper limit given in the definition of the individual monograph minus 100%;
n is the number of replicate injections of the reference solution (3

n

6); and t 90%, n

1

is

the Student's t at the 90% probability level (double sided) with n 1 degrees of freedom.
Unless otherwise prescribed, the maximum permitted relative standard deviation does not
exceed the appropriate value given in the table of repeatability requirements. This requirement
does not apply to tests for related substances.
Relative Standard Deviation Requirements
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B (%)
2.0
2.5
3.0

Number of Individual Injections
3
4
5
6
Maximum Permitted %RSD
0.41
0.59
0.73
0.85
0.52
0.74
0.92
1.06
0.62
0.89
1.10
1.27

The symmetry factor, AS, a measure of peak symmetry, is unity for perfectly symmetrical
peaks; and its value increases as tailing becomes more pronounced (see Figure 4). In some
cases, values less than unity may be observed. As peak symmetry moves away from values of
1, integration, and hence precision, become less reliable.
The signal-to-noise ratio (S/N) is a useful system suitability parameter. The S/N is calculated as
follows:
S/N = 2H/h
where H is the height of the peak measured from the peak apex to a baseline extrapolated over
a distance

5 times the peak width at its half-height; and h is the difference between the

largest and smallest noise values observed over a distance 5 times the width at the halfheight of the peak and, if possible, situated equally around the peak of interest (see Figure 5).

Figure 5. Noise and chromatographic peak, components of the S/N ratio.
These system suitability tests are performed by collecting data from replicate injections of
standard or other solutions as specified in the individual monograph.
The specification of definitive parameters in a monograph does not preclude the use of other
suitable operating conditions. Adjustments to the specified chromatographic system may be
necessary in order to meet system suitability requirements. In other circumstances, it may be
desirable to use an HPLC column with different dimensions to those prescribed in the official
procedure (different length, internal diameter, and/or particle size). In either case, changes in
the chemical characteristics (“L” designation) of the stationary phase will be considered a
modification to the method and will require full validation. 1S (USP35)
Adjustments are permitted only when
Suitable standards (including Reference Standards) Reference Standards 1S (USP35)
are available for all compounds used in the suitability test; and
Those standards show that the adjustments improved the quality of the chromatography with
respect to the system suitability requirements. the adjustments or column change yield a
chromatogram that meets all the system suitability requirements specified in the official
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1S (USP35)

Adjustments to chromatographic systems performed in order to comply with system suitability
requirements are not to be made in order to compensate for column failure or system
malfunction.
If adjustments of operating conditions are necessary in order to meet system suitability
requirements, each of the items in the following list is the maximum variation that can be
considered, unless otherwise directed in the monograph; these changes may require additional
validation data. To verify the suitability of the method under the new conditions, assess the
relevant analytical performance characteristics potentially affected by the change. Multiple
adjustments can have a cumulative effect on the performance of the system and are to be
considered carefully before implementation. Adjustments to the composition of the mobile phase
in gradient elution are not recommended. If adjustments are necessary, only column changes
(same packing material) or dwell volume adjustments are recommended.
pH of Mobile Phase (HPLC): The pH of the aqueous buffer used in the preparation of the
mobile phase can be adjusted to within ±0.2 units of the value or range specified.
Concentration of Salts in Buffer (HPLC): The concentration of the salts used in the
preparation of the aqueous buffer employed in the mobile phase can be adjusted to within
±10% if the permitted pH variation (see above) is met.
Ratio of Components in Mobile Phase (HPLC): The following adjustment limits apply to minor
components of the mobile phase (specified at 50% or less). The amounts of these components
can be adjusted by ±30% relative. However, the change in any component cannot exceed
±10% absolute (i.e., in relation to the total mobile phase). Adjustment can be made to one
minor component in a ternary mixture. Examples of adjustments for binary and ternary mixtures
are given below.
Binary Mixtures
specified ratio of 50:50: 30% of 50 is 15% absolute, but this exceeds the maximum permitted
change of ±10% absolute in either component. Therefore, the mobile phase ratio may be
adjusted only within the range of 40:60 to 60:40.
specified ratio of 2:98: 30% of 2 is 0.6% absolute. Therefore the maximum allowed adjustment
is within the range of 1.4:98.6 to 2.6:97.4.
Ternary Mixtures
SPECIFIED RATIO OF 60:35:5:For the second component, 30% of 35 is 10.5% absolute, which
exceeds the maximum permitted change of ±10% absolute in any component. Therefore the
second component may be adjusted only within the range of 25% to 45% absolute. For the
third component, 30% of 5 is 1.5% absolute. In all cases, a sufficient quantity of the first
component is used to give a total of 100%. Therefore, mixture ranges of 50:45:5 to 70:25:5 or
58.5:35:6.5 to 61.5:35:3.5 would meet the requirement.
Wavelength of UV-Visible Detector (HPLC): Deviations from the wavelengths specified in the
procedure are not permitted. The procedure specified by the detector manufacturer, or another
validated procedure, is used to verify that error in the detector wavelength is, at most, ±3 nm.
Stationary Phase
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COLUMN LENGTH (GC HPLC 1S (USP35)
):Can be adjusted by as much as ±70%.
COLUMN LENGTH (HPLC):See Particle Size (HPLC) below.

1S (USP35)

COLUMN INNER DIAMETER (HPLC):Can be adjusted if the linear velocity is kept constant. See
Flow Rate (HPLC) below.
COLUMN INNER DIAMETER (GC):Can be adjusted by as much as ±50% for GC.
FILM THICKNESS (CAPILLARY CG):Can be adjusted by as much as

50% to 100%.

Particle Size (HPLC): The particle size can be reduced by as much as 50%, but cannot be
increased. The particle size and/or the length of the column may be modified provided that the
ratio of length (L) to particle size (dp) remains constant or varies not more than 25% with
respect to the ratio obtained with the column prescribed in the monograph. When particle size
is not mentioned in the monograph, the ratio must be calculated using the largest particle size
consigned in the USP definition of the column. 1S (USP35)
Particle Size (GC): Changing from a larger to a smaller or from a smaller to a larger particle
size GC mesh support is acceptable if the chromatography meets the requirements of system
suitability and the same particle size range ratio is maintained. The particle size range ratio is
defined as the diameter of the largest particle divided by the diameter of the smallest particle.
Flow Rate (GC): The flow rate can be adjusted by as much as ±50%.
Flow Rate (HPLC): When column dimensions have been modified, the flow rate can be
adjusted using:

in which F 1 is the flow rate indicated in the monograph, in mL/min; F 2 is the adjusted flow rate,
in mL/min; l1 is the length of the column indicated in the monograph; l2 is the length of the
column used; d1 is the column inner diameter indicated in the monograph; and d2 is the internal
diameter of the column used. Additionally, the flow rate can be adjusted by ±50%. When the
particle size is changed, the flow rate may require adjustment, because smaller-particle
columns will require higher linear velocities for the same performance (as measured by reduced
plate height). Flow rate changes for both a change in column diameter and particle size can be
made by:
F 2 = F 1 × [(dc 22 × dp1)/(dc 12 × dp2)]
where F 1 and F 2 are the flow rates for the original and modified conditions, respectively; dc 1
and dc 2 are the respective column diameters; and dp1 and dp2 are the particle sizes.
Additionally, the flow rate can be adjusted by ±50% (isocratic only).
EXAMPLES:Adjustments in column length, internal diameter, particle size, and flow rate can be
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used in combination to give equivalent conditions (same N), but with differences in pressure
and run time. The table below lists some of the more popular column configurations to give
equivalent efficiency (N), by adjusting these variables.
Length
(L,
mm)
250
150
150
100
100
75
75
50
50

Column
Diameter
(dc, mm)
4.6
4.6
2.1
4.6
2.1
4.6
2.1
4.6
2.1

Particle
Size
(dp, µm)
10
5
5
3.5
3.5
2.5
2.5
1.7
1.7

Relative Values
L/dp
25,000
30,000
30,000
28,600
28,600
30,000
30,000
29,400
29,400

F
0.5
1.0
0.2
1.4
0.3
2.0
0.4
2.9
0.6

N
0.8
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Pressure
0.2
1.0
1.0
1.9
1.9
4.0
4.0
8.5
8.5

Run
Time
3.3
1.0
1.0
0.5
0.5
0.3
0.3
0.1
0.1

For example, if a monograph specifies a 150-mm × 4.6-mm; 5-µm column operated at 1.5
mL/min, the same separation may be expected with a 75-mm × 2.1-mm; 2.5-µm column
operated at 1.5 mL/min x 0.4 = 0.6 mL/min, along with a pressure increase of about 4 times and
a reduction in run time to about 30% of the original. 1S (USP35)
Injection Volume (HPLC): The injection volume can be reduced as far as is consistent with
accepted precision and detection limits; no increase is permitted. The injection volume can be
adjusted as far as it is consistent with accepted precision and detection limits. Note that
excessive injection volume can lead to unacceptable band broadening, causing a reduction in N
and resolution. 1S (USP35)
Injection Volume and Split Volume (GC): The injection volume and split volume may be
adjusted if detection and repeatability are satisfactory.
Column Temperature (HPLC): The column temperature can be adjusted by as much as ±10 .
Column thermostating is recommended to improve control and reproducibility of retention time.
Oven Temperature (GC): The oven temperature can be adjusted by as much as ±10%.
Oven Temperature Program (GC): Adjustment of temperatures is permitted as stated above.
When the specified temperature must be maintained or when the temperature must be changed
from one value to another, an adjustment of up to ±20% is permitted.
Unless otherwise directed in the monograph, system suitability parameters are determined from
the analyte peak.
Measured values of Rr or RF or t R for the sample substance do not deviate from the values
obtained for the reference compound and mixture by more than the statistically determined
reliability estimates from replicate assays of the reference compound. Relative retention times
may be provided in monographs for informational purposes only to aid in peak identification.
There are no acceptance criteria applied to relative retention times.
Suitability testing is used to ascertain the effectiveness of the final operating system, which
should be subjected to this testing. Make injections of the appropriate preparation(s) as
required in order to demonstrate adequate system suitability (as described in the
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Chromatographic system section of the method in a monograph) throughout the run.
The preparation can be a standard preparation or a solution containing a known amount of
analyte and any additional materials (e.g., excipients or impurities) useful in controlling the
analytical system. Whenever there is a significant change in the chromatographic system
(equipment, mobile phase component, or other components) or in a critical reagent, system
suitability is to be reestablished. No sample analysis is acceptable unless the suitability of the
system has been demonstrated.
QUANTITATION
During quantitation, disregard peaks caused by solvents and reagents or arising from the mobile
phase or the sample matrix.
In the linear range, peak areas and peak heights are usually proportional to the quantity of
compound eluting. The peak areas and peak heights are commonly measured by electronic
integrators but may be determined by more classical approaches. Peak areas are generally used
but may be less accurate if peak interference occurs. The components measured are separated
from any interfering components. Peak tailing and fronting is minimized, and the measurement of
peaks on tails of other peaks are avoided when possible.
Although comparison of impurity peaks with those in the chromatogram of a standard at a
similar concentration is preferred, impurity tests may be based on the measurement of the peak
response due to impurities and expressed as a percentage of the area of the drug peak. The
standard may be the drug itself at a level corresponding to, for example, 0.5% impurity,
assuming similar peak responses. When impurities must be determined with greater certainty,
use a standard of the impurity itself or apply a correction factor based on the response of the
impurity relative to that of the main component.
External Standard Method: The concentration of the component(s) quantified is determined
by comparing the response(s) obtained with the sample solution to the response(s) obtained
with a standard solution.
Internal Standard Method: Equal amounts of the internal standard are introduced into the
sample solution and a standard solution. The internal standard is chosen so that it does not
react with the test material, is stable, is resolved from the component(s) quantified (analytes),
and does not contain impurities with the same retention time as that of the analytes. The
concentrations of the analytes are determined by comparing the ratios of their peak areas or
peak heights and the internal standard in the sample solution with the ratios of their peak areas
or peak heights and the internal standard in the standard solution.
Normalization Procedure: The percentage content of a component of the test material is
calculated by determining the area of the corresponding peak as a percentage of the total area
of all the peaks, excluding those due to solvents or reagents or arising from the mobile phase or
the sample matrix and those at or below the limit at which they can be disregarded.
Calibration Procedure: The relationship between the measured or evaluated signal y and the
quantity (e.g., concentration, mass) of substance x is determined, and the calibration function
is calculated. The analytical results are calculated from the measured signal or evaluated signal
of the analyte and its position on the calibration curve.
In tests for impurities for both the External Standard Method, when a dilution of the sample
solution is used for comparison, and the Normalization Procedure, any correction factors
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indicated in the monograph are applied (e.g., when the response factor is outside the range
0.8–1.2).
When the impurity test prescribes the total of impurities or there is a quantitative determination
of an impurity, choice of an appropriate threshold setting and appropriate conditions for the
integration of the peak areas is important. In such tests the limit at or below which a peak is
disregarded is generally 0.05%. Thus, the threshold setting of the data collection system
corresponds to at least half of this limit. Integrate the peak area of any impurity that is not
completely separated from the principal peak, preferably by valley-to-valley extrapolation
(tangential skim). USP34

1 The parameters k, N, r, and r were developed for isothermal GC separations and isocratic HPLC
G
separations. Because these terms are thermodynamic parameters, they are valid only for separations made at
constant temperature, mobile phase composition, and flow rate. However, for separations made with a
temperature program or solvent gradient, these parameters may be used simply as comparative means to
ensure that adequate chromatographic conditions exist to perform the methods as intended in the monographs.
2 It is also a common practice to measure the Asymmetry Factor as the ratio of the distance between the
vertical line connecting the peak apex with the interpolated baseline and the peak front, and the distance
between that line and the peak back measured at 10% of the peak height (see Figure 4), would be (W 0.10
f0.10 )/f0.10 . However, for the purposes of USP, only the formula (A s ) as presented here is valid.

BRIEFING
698 Deliverable Volume, USP 34 page 272. This general test chapter is being revised
to permit flexibility in the choice of analytic procedure for multiple-unit containers by allowing a
gravimetric deliverable volume measurement. Currently, weight-based deliverable volume
measurement is allowed for low-volume, single-unit containers only. This proposed revision will
provide the gravimetric measurement as an alternative procedure for multiple-unit containers. A
density determination procedure is also included in this proposed revision as an aid in the
performance of the gravimetric volume measurement.
(GCDF: W. Brown.)
Correspondence Number—C99344

Comment deadline: July 31, 2011
698

DELIVERABLE VOLUME

The following tests are designed to provide assurance that oral liquids will, when transferred
from the original container, deliver the volume of dosage form that is declared on the label of
the article. These tests are applicable to products labeled to contain not more than 250 mL,
whether supplied as liquid preparations or liquid preparations that are constituted from solids
upon the addition of a designated volume of a specific diluent. They are not required for an
article packaged in single-unit containers when the monograph includes the test for Uniformity
of Dosage Units

905 .

Add the following:
DENSITY DETERMINATION
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Because of the tendency of oral liquids to entrain air when transferred, a more accurate
method for determining the delivered volume is to first determine the delivered mass, and then,
using the density of the material, to convert the mass to delivered volume. In order to do that,
a determination of the true density of the material is required. The following is one method to
determine true density:
1.
2.
3.
4.

Tare a 100-mL volumetric flask containing 50.0 mL of water.
Add approximately 25 g of well-shaken product, and gently swirl the contents to mix.
Reweigh the flask.
From a buret, add an accurately measured amount of water to bring the flask contents
to volume, while gently swirling the contents of the flask. Record the volume taken from
the buret.
5. Calculate the density of the sample by the formula:

W/V
in which W is the weight, in g, of the material taken, and V is 50.0 mL minus the volume, in mL,
of water necessary to adjust the contents of the flask to volume. Other methods to determine
the true density may be employed depending on the formulation (e.g., substantially nonaqueous
formulations). 1S (USP35)
TEST PREPARATIONS
For the determination of deliverable volume, select not fewer than 30 containers, and proceed
as follows for the dosage form designated.
Oral Solutions, Oral Suspensions, and Other Oral Liquid Dosage Forms—Shake the
contents of 10 containers individually.
Powders that are Labeled to State the Volume of Oral Liquid that Results when the
Powder is Constituted with the Volume of Diluent Stated in the Labeling—Constitute 10
containers with the volume of diluent stated in the labeling, accurately measured, and shake
individually.
Change to read:
PROCEDURE
Being careful to avoid the formation of air bubbles, gently pour the contents of each container
into separate dry graduated cylinders of a rated capacity not exceeding two and a half times
the volume to be measured, and calibrated “to contain”. Allow each container to drain for a
period not to exceed 30 minutes, for multiple-unit containers and 5 seconds for single-unit
containers, unless otherwise specified in the monograph. When free from air bubbles, measure
the volume of each mixture. Alternatively, in the case of products of low volume packaged in
single-unit containers, the volume can be computed as follows: (1) discharge the container
contents into a suitable tared container (allowing drainage for not more than 5 seconds); (2)
determine the weight of the contents; and (3) compute the volume after determining the
density.
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The deliverable volume can be determined as follows:
1. Discharge the container contents into a suitable tared container (allowing drainage for
not more than 5 seconds for single dose containers and not more than 30 minutes for
multiple unit containers).
2. Determine the mass of the contents.
3. Calculate the volume using the true density.
Alternatively, the following procedure may be used:
1. Being careful to avoid the formation of air bubbles, gently pour the contents of each
container into separate dry graduated cylinders of a rated capacity not exceeding two
and a half times the volume to be measured, and calibrated “to contain” (see
Volumetric Apparatus 31 .)
2. Allow each container to drain for a period not to exceed 30 minutes for multiple-unit
containers and 5 seconds for single-unit containers, unless otherwise specified in the
monograph.
3. When free from bubbles, measure the volume of each mixture.
1S (USP35)

ACCEPTANCE CRITERIA
Use the following criteria to determine compliance with this test.
For Multiple-Unit Containers (see Figure 1)—The average volume of liquid obtained from the
10 containers is not less than 100%, and the volume of no container is less than 95% of the
volume declared in the labeling. If A, the average volume is less than 100% of that declared in
the labeling, but the volume of no container is less than 95% of the labeled amount, or B, the
average volume is not less than 100% and the volume of not more than 1 container is less than
95%, but is not less than 90% of the labeled volume, perform the test on 20 additional
containers. The average volume of liquid obtained from the 30 containers is not less than 100%
of the volume declared in the labeling; and the volume of liquid obtained from not more than 1
of the 30 containers is less than 95%, but not less than 90% of that declared in the labeling.
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Figure 1. Decision scheme for multiple-unit containers. (AV = Average volume. LV = Labeled
volume)
For Single-Unit Containers (see Figure 2)—The average volume of liquid obtained from the 10
containers is not less than 100%, and the volume of each of the 10 containers lies within the
range of 95% to 110% of the volume declared in the labeling. If A, the average volume is less
than 100% of that declared in the labeling, but the volume of no container is outside the range
of 95% to 110%, or if B, the average volume is not less than 100% and the volume of not more
than 1 container is outside the range of 95% to 110%, but within the range of 90% to 115%,
perform the test on 20 additional containers. The average volume of liquid obtained from the 30
containers is not less than 100% of the volume declared in the labeling; and the volume
obtained from not more than 1 of the 30 containers is outside the range of 95% to 110%, but
within the range of 90% to 115% of the volume declared on the labeling.

Figure 2. Decision scheme for single-unit containers. (AV = Average volume. LV = Labeled
volume)
BRIEFING
731 Loss on Drying, USP 34 page 304. It is proposed to revise this chapter in order to
provide indications on how to proceed when “dry to constant weight” is specified in a
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monograph.
(GC: H. Pappa.)
Correspondence Number—C101618

Comment deadline: July 31, 2011
731

LOSS ON DRYING

Change to read:
The procedure set forth in this chapter determines the amount of volatile matter of any kind
that is driven off under the conditions specified. For substances appearing to contain water as
the only volatile constituent, the procedure given in the USP general test chapter, Water
Determination 921 , is appropriate, and is specified in the individual monograph.
Unless otherwise directed in the individual monograph, conduct the determination on a 1- to 2g test specimen. Mix the substance to be tested and, if it is in the form of large particles,
reduce the particle size to about 2 mm by quickly crushing before weighing out the test
specimen. Tare an appropriate glass-stoppered, shallow weighing bottle that has been dried for
about 30 minutes under the same conditions to be employed in the determination and cooled to
room temperature in a desiccator. Put the test specimen in the bottle, replace the cover, and
accurately weigh the bottle and the contents. By gentle, sidewise shaking, distribute the test
specimen as evenly as practicable to a depth of about 5 mm generally, and not more than 10
mm in the case of bulky materials. Place the loaded bottle in the drying chamber, removing the
stopper and leaving it also in the chamber. Dry the test specimen at the temperature and for
the time specified in the monograph. [Note—The temperature specified in the monograph is to
be regarded as being within the range of ±2 of the stated figure. ] When “dry to constant
weight” is specified in a monograph, drying shall be continued until two consecutive weighings
do not differ by more than 0.50 mg per g of substance taken, the second weighing following an
additional hour of drying (see General Notices 6.40.20). 1S (USP35)
Upon opening the chamber, close the bottle promptly, and allow it to come to room
temperature in a desiccator before weighing.
If the substance melts at a lower temperature than that specified for the determination of Loss
on drying, maintain the bottle with its contents for 1 to 2 hours at a temperature 5 to 10
below the melting temperature, then dry at the specified temperature.
Where Capsules are to be tested, use a portion of the mixed contents of not fewer than 4
capsules.
Where Tablets are to be tested, use powder from not fewer than 4 tablets.
Where the individual monograph directs that loss on drying be determined by thermogravimetric
analysis, a sensitive electrobalance is to be used.
Where drying in vacuum over a desiccant is directed in the individual monograph, a vacuum
desiccator or a vacuum drying pistol, or other suitable vacuum drying apparatus, is to be used.
Where drying in a desiccator is specified, exercise particular care to ensure that the desiccant
is kept fully effective by frequent replacement.
Where drying in a capillary-stoppered bottle* in vacuum is directed in the individual monograph,
use a bottle or tube fitted with a stopper having a 225 ± 25 µm diameter capillary, and maintain
the heating chamber at a pressure of 5 mm or less of mercury. At the end of the heating
period, admit dry air to the heating chamber, remove the bottle, and with the capillary stopper
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still in place allow it to cool to room temperature in a desiccator before weighing.
* Available as an “antibiotic moisture content flask” from Kimble- Kontes, 1022 Spruce St., Vineland, NJ 083621502.

BRIEFING
1105 Immunological Test Methods—Surface Plasmon Resonance. This proposed new
general information chapter covers the history, use, development, and validation of surface
plasmon resonance-based applications. Specific examples are also included.
(GCBA: M. Kibbey.)
Correspondence Number—C58954

Comment deadline: July 31, 2011
Add the following:
1105 IMMUNOLOGICAL TEST METHODS—SURFACE PLASMON RESONANCE
Introduction
Surface plasmon resonance (SPR) optical detection is a useful method for the label-free
assays (procedures) that study biomolecular interactions. Commercially available SPR
biosensors that incorporate these assays can collect real-time, information-rich data from
binding events. These data can be used widely from basic research to drug discovery and
development to manufacturing and quality control (QC). SPR can characterize binding events
with samples ranging from proteins, nucleic acids, and small molecules to complex mixtures,
lipid vesicles, viruses, bacteria, and eukaryotic cells. Typical quality and safety attributes
addressed with SPR analysis include:
Interaction specificity
Interaction affinity
Kinetic binding parameters
Thermodynamic parameters
Biologically active concentration of an analyte
This chapter provides an overview of the physics underlying SPR and common instrument
configurations, as well as the range of molecules that can be studied and general
considerations for experimental design as determined by the assay objective.
Overview
History
The physical principles of SPR were first explained in the early 1900s, starting with a
description of the uneven distribution of light in a diffraction grating spectrum caused by
the excitation of surface plasmon waves. A landmark series of experiments showed the
optical excitation of surface plasmons under conditions of total internal reflection and
fostered detailed studies of the application of SPR for chemical and biological sensing. Since
then, SPR's potential for characterizing thin films and monitoring interactions at metal
interfaces has been recognized, and significant research and development have yielded
instruments that can quantitatively evaluate the binding interactions of small and large
molecules.
Physics
SPR is an optical phenomenon that occurs when a thin conducting film is placed between
two media that have different refractive indices. In many commercially available
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instruments, the two media are glass and the sample solution, and the conducting film is
preferentially a gold layer applied to the glass, although other conducting metals such as
silver have been used. The glass–metal component comprises a solid support that is often
referred to as a sensor.
Light applied to the glass under conditions of total internal reflection produces an
electromagnetic component that is called an evanescent wave. The evanescent wave
penetrates the medium of lower refractive index (typically the sample solution) without
losing net energy. The amplitude of the evanescent wave decays exponentially with
distance from the surface, roughly one-half of the wavelength of the incident light (e.g., for
a light source of 760 nm the evanescent wave penetrates approximately 300 nm).
For a specific combination of wavelength and angle of incident light, electron charge
density waves called plasmons are excited in the gold film. As energy is absorbed via the
evanescent wave, a decrease in the intensity of the reflected light at a specific angle (the
SPR angle) is observed. Analysts can conduct an SPR experiment by fixing the wavelength
and varying the angle of incident light.
An increase in mass at the sensor surface caused by a binding interaction between two or
more molecules causes a change in the local refractive index (RI) that gives rise to an SPR
response, which is observed as a shift in the SPR angle. By monitoring the shift in the SPR
angle as a function of time, an analyst can generate a sensorgram (Figure 1). The change
in RI is very similar for different proteins, so the SPR measurement depends primarily on the
mass change at the sensor surface and is relatively independent of the nature of the
molecules being measured.

Figure 1. Representative sensorgram.
Instruments
The main components of commercially available SPR instruments are (1) a light source,
typically a high-efficiency light-emitting diode, (2) an optical detector such as a diodearray or charge-coupled device camera, (3) a solid support containing the conducting film
and some means for attaching molecules, (4) a sample delivery system, frequently a
microfluidic device capable of delivering samples using single serial or parallel injections via
single or multiple needles, and (5) a computer with appropriate software for instrument
control, data collection, and analysis.
Prism-based and diffraction-grating instrument systems are commercially available. Most
prism-based systems follow the Kretschmann configuration (Figure 2). The light is focused
onto the sensor surface (away from the samples) via a prism with a refractive index
matching that of the surface. In this configuration the incident light does not penetrate the
sample solution, which permits SPR measurements for heterogeneous, turbid, or opaque
samples. In systems that utilize a diffraction grating (Figure 3) the analyte solution is
placed over a plastic surface on which a metal has been deposited. The plastic acts as an
attenuated total internal reflection prism in which light reflected from the grating is
reflected many times back to the grating surface. In this configuration light passes through
the analyte sample solution, and thus turbid or opaque samples are not suitable for
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measurement. The diffraction grating does permit sampling of a larger surface area and is
applicable for SPR measurements of arrays.

Figure 2. Kretschmann SPR configuration.

Figure 3. Diffraction grating SPR configuration.
The instruments are compatible with a wide range of biological samples and buffers as well
as some organic solvents.
Biomolecular Interactions That Can Be Studied By Assays Using SPR
A diverse range of biological entities can be studied using SPR, including small molecules (<
100 Da), proteins, nucleic acids, lipids, bacteria, viruses, and whole cells. Most published
SPR research involves protein–protein interactions, of which antibody–antigen interactions
represent a dominant subset. Improvements in instrument sensitivity and experimental
protocols have helped analysts make studies of small molecules, lipids, and nucleic acids.
Protein interactions with larger entities such as whole cells and some bacteria and viruses
are limited by the exponential decay of the evanescent wave as described above. In
practice these large molecules can be studied effectively, but the information obtained may
be limited to qualitative or semiquantitative (e.g., relative ranking) data.
Assay Types
Several types of SPR assays are useful, including binding specificity, concentration analysis,
kinetics and affinity analysis, and thermodynamics. Each assay type generates unique
information that is helpful for profiling biomolecules.
SPR is also suitable for use in qualitative studies to confirm the specificity of interactions.
Analysts can monitor a number of sequential binding events because each individual event
yields a mass increase on the sensor chip surface, and all stages in the binding process are
monitored. Examples include epitope mapping, antibody isotyping, and immunogenicity
measurements.
Most chemical and spectroscopic methods used to quantify proteins (1) measure total
protein content, (2) do not distinguish active from inactive molecules, and (3) cannot be
used in conjunction with unpurified samples. Because SPR is a noninvasive method (no light
penetrates the sample), it can measure small amounts of analyte molecules from complex
matrices such as food products, serum or plasma, and cell extracts. Direct or indirect
(inhibition or competitive) formats for measuring concentration are possible. SPR biosensors
are uniquely suited for measurement of kinetic association and dissociation rate constants
from real-time measurement of binding interactions. Affinity can be derived either from
interactions that have reached equilibrium or from the ratio of the dissociation and
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association rate constants. The typical working range for affinity measurements is pM to
high µM concentrations. Association rate constants that can be measured typically range
from 103 to 107 M–1s–1 and dissociation rate constants from 10–5 to 0.5 s–1. By studying
temperature dependence of rate and affinity constants, analysts can determine
thermodynamic parameters for a binding interaction. Not only can the equilibrium values for
changes in enthalpy (DH) and entropy (DS) associated with complex formation be
determined, but transition state energetics can also be evaluated. Subsequent sections of
this chapter address the specific details for these different assay types.
The SPR Assay
The typical SPR assay involves five steps:
1.Sample and buffer preparation
2.Surface preparation
3.Analyte binding
4.Surface regeneration
5.Data analysis and interpretation
Careful attention to experimental design leads to high-quality data and results. In SPR
experiments, mass transport is essential for binding interactions to take place in instruments
that use thin-layer flow-cell systems. Analyte molecules are transferred from the bulk
solution to the binding surface via mass transport. When a limitation for binding occurs as a
result of fast binding kinetics combined with high surface density, the binding interaction is
considered mass-transport limited. In this case, the binding kinetics and complex formation
are influenced by the availability of analyte molecules. The advantages and disadvantages
of mass-transport–limited binding are discussed later in the application examples.
Sample and Buffer Preparation
Both purified and crude samples can be analyzed in a variety of matrices including serum,
plasma, cell supernatants, and lysates. Crude samples containing particulates (e.g., cell
debris or precipitates) may require clarification in order to help minimize unwanted binding.
A short spin (30–60 s) in a benchtop centrifuge or filtration (0.22–1.0 µm) using low–
protein-binding filters is recommended. The concentration range for evaluation depends on
the experimental objective (yes/no binding, concentration, or kinetic/affinity analysis) as
well as the binding affinity of the interacting molecules. In general, sample concentrations
an order of magnitude below the equilibrium dissociation constant (KD), can be detected
by SPR, but determination of an exact concentration is influenced by the analyte size
(large vs. small molecules), binding specificity, and overall biological activity of the
samples.
Most biological buffers and several organic solvents can be used in SPR experiments. The
addition of salts and detergents to buffer solutions frequently can stabilize biomolecules.
High-quality grade (e.g., molecular biology grade or higher) buffer components should be
used. To simplify experiments, analysts should add only components that are absolutely
required for biological activity or function. Buffers should be filtered and degassed before
use.
Surface Preparation
Surface preparation involves the attachment of one of the binding partners to a solid
support (surface). This process is frequently referred to as immobilization, and the
resulting surface with the attached biomolecule is the sensor for the experiment. The
choices of binding partner, solid support, and immobilization method are influenced by (1)
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the nature and demands of the application or experimental objective; (2) the availability
of surfaces with different properties (e.g., charge density, hydrophobicity, or
hydrophilicity); (3) the characteristics and supply of biomolecule to be used for
immobilization; and, most importantly, that (4) biological activity be maintained and
binding sites be available to interacting partners. Depending on the experimental
objective, homogeneous or orientation-specific attachment of biomolecules also may be
desired. The two main categories of immobilization methods are (1) direct immobilization,
in which the molecule is covalently attached to the surface, and (2) indirect or capture
immobilization, which takes advantage of tags or native groups on the protein or
biomolecules (Table 1).
Table 1. Surface Preparation Techniques
Chemistry
Immobilization
Biomolecules
Comments
Method
Amine
Direct
Proteins,
Amino terminus, Lys
peptides
residues
Thiol—
Direct
Proteins,
Native Cys residue
native
peptides
Thiol—
Direct
Proteins,
Carboxyl groups
added
peptides
derivatized
Aldehyde
Direct
Glycoproteins
Cis–diol required
Biotin
Indirect
Biotinylated
Stable, irreversible
capture
peptides, nucleic
capture
acids, proteins
Affinity tags
Indirect
Proteins,
His, Glutathione Speptides
transferase (GST), etc.
Protein A,
Indirect
Antibodies, IgGIgG species–
Protein G
tagged
dependent
molecules
Protein A,
Indirect
Biomolecules
Mono- or polyclonal
Protein G
specific to the
antibodies may be
capturing
suitable—testing
antibody
recommended
Hydrophobic
Indirect
Lipids,
Monolayer or bilayer
adsorption,
membranes,
attachment possible
membrane
membranecapture
associated
proteins
Direct Immobilization: For direct immobilization, several chemistries are available for
attaching proteins or other biomolecules to the surface. The properties of the surface
determine the specific sequence of steps and length of time required to prepare the
surface. Many commercially available surfaces have a biologically compatible layer (e.g.,
a hydrogel) that contains functional groups such as carboxyl that can be used for
immobilization. To ensure binding specificity, the purity of the biomolecule that is
attached to the surface should be 95% or greater and the required concentration should
range from 1 to 1000 µg/mL. Direct immobilization chemistries frequently result in
heterogeneous surfaces because of random orientation of biomolecules on the surface.
Immobilization via free primary amine groups such as lysine residues in proteins or the
amino terminus of proteins or peptides is one of the most generally applicable covalent
chemistries for attaching proteins to a surface. Carboxyl groups on the surface are
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converted to reactive esters using a mixture of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) and N-hydroxysuccinimide (NHS) or sulfo-NHS (sNHS). The protein or
biomolecule is applied in high concentrations (mg/mL) to maximize the efficiency of
amine coupling. Finally, free esters are blocked with ethanolamine. The contact time
with the surface, the protein concentration, or the EDC/NHS concentration can be
varied to adjust the immobilization level.
When amine coupling interferes with the binding site, the biomolecule can be attached
using alternative coupling chemistries or a high-affinity capture approach. For example,
for biomolecules with free thiol groups (typically cysteine residues), a disulfide group is
introduced by treating the surface with NHS and EDC to attach 2-(2pyridinyldithio)ethaneamine (PDEA). Adding the biomolecule to the surface results in
thiol–disulfide exchange, and excess PDEA groups are inactivated with cysteine–HCl. If
the biomolecule lacks a free thiol group, a reactive disulfide (PDEA) can be linked to
carboxyl groups. Subsequently the pyridyldisulfide groups can be attached to thiol
groups on the surface that have been derivatized via injection of NHS and EDC, followed
by cystamine, then reduction with dithioerythritol (DTE) or dithiothreitol (DTT).
Attachment of maleimide groups to the surface makes possible an alternative form of
immobilization via thiol groups in which a stable thioether bond is formed. Surfaces
prepared using this method have the capacity to withstand basic pH (> 9.5) and
reducing agents such as -mercaptoethanol and dithiothreitol. Several
heterobifunctional reagents are available commercially for introduction of reactive
maleimido groups to the surface, including sulfo-MBS (m-maleimidobenzoyl-Nhydroxysulfosuccinimide ester), sulfo-SMCC (sulfosuccinimidyl-4-(Nmaleimidomethyl)cyclohexane-1-carboxylate), GMBS [N-(gmaleimidobutyrloxy)sulfosuccinimide ester], EMCH [N-( -maleimidocaproic acid)hydrazide] or BMPH [N-( -maleimidopropionic acid)-hydrazide]. For biomolecules
containing either native aldhehyde groups or cis–diols, which may be converted into
aldehydes by mild oxidation, surface attachment via a hydrazone bond is an option.
Hydrazide groups on the sensor surface react with aldehyde groups on the biomolecule
to form a stable bond. Immobilization via aldehyde groups is most useful for
glycoconjugates, glycoproteins, and polysaccharides.
Indirect (High-affinity Capture) Immobilization: Indirect or high-affinity capture
immobilization approaches use tags commonly used for protein purification. This
technique exploits the high-affinity capture of the biomolecule by a capturing molecule
that has been immobilized covalently using one of the techniques described above. The
requirement for biomolecular purity is less stringent for indirect versus direct
immobilization because the capturing step for the biomolecule can also provide
purification. Indirect immobilization frequently yields a homogenous surface because all
biomolecules are oriented similarly via the tag. The affinity between the biomolecule and
its capturing agent should be sufficiently high to ensure little or no dissociation from the
surface for the duration of an analysis cycle. Monoclonal antibodies are frequently used
as capture molecules. For example anti-GST antibodies can be attached to the sensor
chip surface via amine chemistry in order to capture GST-tagged molecules. Protein A,
Protein G, and anti-IgG antibodies are useful capturing molecules for use with
antibodies.
The high-affinity interaction between streptavidin or related molecules and biotin (KD
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10–15 M) makes it a useful system for the capture of biotinylated molecules (e.g.,
proteins, peptides, nucleic acids, membranes, and liposomes). Frequently, the biotinbinding protein is attached to the surface using primary amine groups. Because of the
high affinity of the interaction, biotinylated molecules are considered permanently
immobilized, and in contrast to most other capture approaches biotinylated molecules
cannot be removed without damaging the surface. Histidine (His)-tagged recombinant
proteins can be captured via nickel–NTA chemistry or covalently immobilized anti-His
antibodies.
Lipids and membrane-associated proteins can be captured to the surface as either a
lipid monolayer or bilayer. Lipids from micelles or liposomes adsorb to a hydrophobic
surface, creating a lipid monolayer with the hydrophobic lipid tails oriented toward the
solid support and the hydrophilic heads towards the aqueous sample. This approach
provides a stable environment for proteins associated with a membrane surface or
partially inserted into the membrane, but it is not ideal for transmembrane proteins
because the resulting surface presents only half the membrane structure for binding
interactions. Intact membrane structures (lipid bilayers) with associated or incorporated
proteins can be captured by preparing liposomes with a specific antigenic component or
with biotinylated lipids, allowing capture of the liposomes with immobilized antibody or
streptavidin, respectively.
Additional Considerations: Once the biomolecule has been attached to the sensor
using either a direct or indirect immobilization approach, analysts should assess the
baseline stability of the newly created surface. If the baseline is decreasing (downward
drift), the most likely cause is the presence of unattached biomolecules, possibly
because of self-association or aggregation. If the baseline is increasing (upward drift)
refolding or re-orientation may be causing the change. In either case, the newly created
surface should be conditioned before use by one or more of the following: (1) multiple
injections of biologically compatible buffer; (2) washing the surface with buffer at a fast
flow rate; (3) multiple injections of either high ionic strength (e.g., 1 M NaCl) or
detergent (e.g., 20 mM CHAPS or 0.05% Polysorbate 20 (P20)) solutions; or (4)
repeated analyte binding and regeneration injections. NOTE: recommendations (3) and
(4) should be used only if the activity of the biomolecule in the presence of these
reagents has been evaluated previously.
Large baseline drifts caused by low-affinity capture may be overcome by using EDC/NHS
as a cross-linking step, but this may compromise biomolecule activity if active sites of
the biomolecule are involved in the cross-linkages. The effect of cross-linking on
biomolecule activity must be tested empirically for each biomolecule–analyte system. In
general, cross-linking should be as brief as possible: 15 s is often sufficient to achieve
acceptable baseline stability without compromising biomolecule activity.
How Much to Immobilize: The amount of biomolecule to immobilize depends on the
experimental objective. Equations 1 and 2 are useful for calculating the appropriate
surface density:
Rmax = (MWA/MWL) × RL × Sm [Equation 1]
RL = Rmax × (1/Sm) × (MWL/MWA) [Equation 2]
Rmax= theoretical maximum binding response (assuming a surface that is 100% active and
100% bound with analyte)
RL = response of the immobilized molecule
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MW=
A molecular weight of the analyte
MW=
L molecular weight of the immobilized molecule
Sm = molar binding stoichiometry
For kinetic experiments, a low density of immobilized molecule is preferred in order to
avoid steric hindrance, aggregation, and/or mass-transport–limited binding. Low density
is defined as RL that limits Rmax to 5–50 response units. For other applications, e.g.,
concentration analysis where mass-transport–limited binding is desired, Rmax can be
100–200 times higher than for kinetic experiments provided that steric hindrance or
aggregation are not induced. Specific recommendations for immobilization density are
included in the application examples for this chapter.
Analyte Binding
Samples that will be evaluated for binding using SPR do not require the same purity as
biomolecules intended for direct immobilization onto the surface. Because the light source
does not penetrate the sample, turbid or opaque samples can be analyzed by SPR.
Whenever practical, samples should be clarified according to the recommendations given
under Sample and Buffer Preparation, and buffer additives should be minimized, including
only the amount required for biological activity.
Differences between the refractive index of the bulk and sample buffers give rise to a
response. The use of control surfaces and samples aids in demonstrating binding
specificity for the molecules in SPR. For direct immobilization methods, suitable control
surfaces can be (1) the sensor surface without any modification or biomolecule attached,
(2) a surface that has been chemically treated in the same manner as the surface
containing the biomolecule, or (3) a related but known nonbinding biomolecule. For
surfaces prepared using indirect (capture) immobilization the capturing molecule in the
absence of the tagged binding partner should be used as the control surface. The
difference in response between the control and active surfaces gives an initial indication
of the binding specificity. Concentration-dependent responses and inhibition of binding by
incubating the sample with the biomolecule on the surface can further establish the
binding specificity.
If nonspecific or unwanted binding is observed, analysts should determine the source.
Frequently changes in pH or ionic strength of the buffers used in the experiment will
reduce or eliminate the unwanted binding. Additional suggestions for reducing nonspecific
binding are summarized in Table 2.
Table 2. Suggested Actions for Reducing Nonspecific Binding
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Experimental
Design

Choice of
Surface

Additions to
Sample
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Action
1. Optimize running buffers:
(a) increase salt (150 to 500 mM)
(b) add detergent (0.001% to 0.05%)
(c) match composition of sample and running buffers
2. Change ligand immobilization method
3. Evaluate ligand quality
4. Increase or decrease temperature in detection chamber
1. Change properties of sensor surface:
(a) reduce electrostatic interactions
(b) evaluate hydrophobic vs. hydrophilic character of surface
(c) consider alternative ligand to use for control surface
2. Pre-immobilize amino—PEG
3. Change blocking molecule (e.g., ethylenediamine)
1. Add nonspecific binding reducer to sample:
(a) increase ionic strength of running and sample buffers (e.g.
150 to 500 mM NaCl)
(b) add detergent to running and sample buffers (e.g. 0.001%
to 0.05% surfactant P20)
(c) add soluble carboxymethyl dextran (1–10 mg/mL, for
dextran-based surfaces only)
2. Simplify sample buffer—include only components required for
biological activity
3. Evaluate analyte quality

Equations 1 and 2 are also useful for assessing surface activity. The higher the binding
response, the more active the surface is unless the observed binding response exceeds
the calculated Rmax value. In this case, the molar binding stoichiometry is incorrect, the
analyte molecule is aggregated, or the analyte is binding nonspecifically to the surface.
Binding responses that are low (< 10% of Rmax) suggest that the analyte concentration
selected for the experiment is too low or that the surface activity of the immobilized
molecule is low. In the former case, increasing the analyte concentration should increase
the binding response, and in the latter situation using a different immobilization method
may be helpful.
Surface Regeneration
Surface regeneration refers to the process of removing bound analyte from the surface in
order to reuse the surface for subsequent binding interactions. In some instances,
complex dissociation is fast and bound analyte is simply washed away with buffer, so
regeneration is not needed. Alternatively, the instrument configuration may allow multiple
samples to be injected either sequentially or in parallel across several immobilized surfaces
simultaneously, thereby limiting the need for regeneration. Inadequate surface
regeneration may affect the reproducibility of an assay and negatively affect the overall
quality of the resulting data. To identify the correct conditions, analysts should consider
the nature of the specific interaction and the experimental objective. For example, a slight
baseline drift will not affect the results when a simple yes/no answer is sought, but in
concentration determination or kinetic studies, optimization of the regeneration step is
critical.
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Most biochemical interactions involve non-covalent bonds such as hydrogen,
electrostatic, van der Waals, and hydrophobic bonds. Because the combination of physical
forces responsible for binding and the regeneration conditions critical for not causing
irreversible conformational changes are unknown for most interactions, the final conditions
must be evaluated empirically.
The ideal condition for regeneration dissociates all the bound material without affecting
the biological properties of the immobilized biomolecule. An incomplete regeneration or too
stringent conditions may result in decreased analyte binding capacity in subsequent
cycles because of either blocking of binding sites by nondissociated analyte or partial
denaturation of the biomolecule. Regeneration buffers and solutions can be divided into
different classes by the effect they have on the interaction. Any combination of buffers
can be used.
The major classes of regeneration buffers are: acidic, basic, ionic/chaotropic, detergent,
hydrophobic/nonpolar, and chelating (see Table 3 for examples of each class). Analysts
should start with mild conditions, moving progressively to more harsh conditions. In many
cases, especially when one is working with antibodies, change in pH is the most effective
method of regenerating the surface. Contact time with the surface is important for
efficient regeneration. When analysts use pH change, the contact times should be short,
one-half to 2 min. When analysts use high ionic strength or chaotropes, longer contact
times of 2–4 min are usually effective.
Table 3. Examples of Regeneration Solutions
Acid

Base

Ionic/
Chaotropic

Detergent

Hydrophobic/
Nonpolar

Chelating

25%–100%
ethylene
glycol
5%–50%
DMSO

10–20
mM EDTA
or EGTA
10–200
mM
imidazole

1–100 mM
HCl

1–100 mM NaO H

0.5–5 M
NaCl

0.02%–0.5% SDS

10–100 mM
glycine, pH
1.3–3.0
10–100 mM
phosphoric
acid
0.1% TFA

10–100 mM glycine, pH 9.0–
10.0

1–4 M
MgCl2

1 M ethanolamine HCl, pH
9.0 or above

1 M KSCN

40 mM
octyleneglycol +
20 mM CHA PS
40 mM
octylglucoside, 40
mM octylglucoside

100 mM sodium carbonate +
1 M NaCl, pH 9–11

2–6 M
guanidine
HCl

100 mM
Formic acid

20–100 mM NaO H
containing 0.5% surfactant
P20 or 0.05% SDS

1%–10%
acetonitrile

The purpose of optimizing the regeneration conditions is to find the mildest possible
regeneration solution that completely dissociates the complex. Analysts should maintain a
constant level of activity over the binding–regeneration cycles even if the baseline
changes a little. Repeated cycles of analyte binding followed by regeneration of the
surface will provide insight into the overall performance of the surface. Ideally the surface
performance should be evaluated for the same number of cycles that will be used during
the SPR experiment.
The surface must be monitored for signs of accumulation and also degradation of the
immobilized ligand (Figure 4). This can be accomplished by monitoring both the baseline at
the beginning of each injection cycle and binding signal (slope or bound response) of a
quality control sample. Appropriately defined acceptance criteria for system suitability
such as baseline drift and quality control performance help to monitor the integrity of the
immobilized ligand on the surface.
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Figure 4. Evaluating surface performance (a) accumulation on surface and (b) degradation
of immobilized ligand.
If the binding response is slowly decreasing, there are two possible explanations:
1.If the baseline of the raw data sensorgram remains constant but the binding
response still decreases, the regeneration conditions cause an irreversible change
to the biomolecule that decreases the binding capacity of the surface, which in
turn decreases the amount of analyte that can be bound on the surface. Analysts
can decrease the strength of the regeneration solution slightly or can change to
another regeneration solution of equal strength within the same class.
2.If the baseline increases, the accumulation of analyte causes a binding-capacity
decrease on the surface, which in turn decreases the amount of analyte that can
be bound to the surface. Analysts can increase the strength of the regeneration
solution slightly or can change to a regeneration solution of equal strength within
the same class. There may be a difference between regeneration solutions in their
ability to solubilize the analyte.
Once a suitable regeneration solution has been determined, it should be tested in a series
of analyte binding and regeneration cycles. Because the binding activity of the surface
typically decreases with time and/or use, analysts must empirically determine the binding
response threshold and consequent number of cycles for surface use. Examples for
determining binding threshold and number of cycles are presented below (see Applications
1–3).
In some cases the baseline will drop or rise and/or the binding capacity will decrease
somewhat in the first few injections before it stabilizes. This is caused by either the
dissociation of electrostatically bound biomolecules from the surface (depending on
surface characteristics) or to binding to a high-affinity non-regenerable fraction of the
surface. For this reason, each newly immobilized surface should be conditioned with
repeated analyte binding and regeneration cycles before collection of quantitative data.
Alternative immobilization methods, such as a different chemistry or indirect capture,
should be evaluated when the immobilized biomolecule is difficult to regenerate.
Data Analysis and Interpretation
Analysis and interpretation of the data are specific to the experimental objective. Several
data analysis programs exist to aid in the calculation of kinetics and affinity constants
from SPR data. The validity and quality of the results are linked directly to experimental
design. The fitting process is purely mathematical, without regard to the biological
significance of the values obtained.
Data Analysis Algorithm: Global analysis seeks a single set of kinetic rate constants for
all of the analyte concentrations used in the experiment. Using a data-fitting algorithm
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such as Marquardt-Levenberg the data analysis software begins an iterative process
starting with an initial approximation to find the best set of parameters that produces
agreement between the experimental data (sensorgram) and the calculated fit to the
data. The iterative process continues until the difference between the experimental and
calculated (theoretical) curves is minimized as measured by the sum of the squared
residuals.
Preparing the Data for Analysis: Before conducting kinetic analysis, analysts should
inspect the experimental data visually for anomalies or artifacts such as baseline
disturbances or out-of-range data (often due to air bubbles) lasting for a predefined
time period (e.g., 4–8 s). Outliers should be removed from the data set according to
pre-established criteria. Nonessential data, such as capture or regeneration injections,
should be removed from the sensorgram, and the data at each analyte concentration
should be adjusted using the double-referencing procedure described below.
Before analysis the raw data should be processed in the following manner:
Align the injection start to zero seconds for all concentrations and buffer
injections for both the reference and active surfaces.
Align the baseline to zero response for all sensorgrams.
Subtract the reference surface sensorgram from the active surface sensorgram in
order to create a corrected data set.
Subtract the corrected buffer sensorgram from the sensorgrams at different
concentrations in order to create a double-referenced data set.
The double-referencing procedure removes systematic errors (e.g., instrument noise)
and low levels (less than 5% of total binding response) of nonspecific binding. It should
not be used to correct for significant nonspecific binding events because this can lead
to erroneous measurements.
When analyzing the data for kinetic information, analysts use the association (injection)
and dissociation (buffer flow) phases for all of the concentrations in the series. For
steady-state affinity analysis, the response at equilibrium Req (data plateau or no
change in response vs. time) is measured for each sensorgram to create a binding
isotherm with Req vs concentration. This isotherm is analyzed using the equations
described below.
Kinetics and Steady-state Affinity Models: The Langmuir kinetic model assumes a 1:1
interaction between the binding partners so that

The association and dissociation rate constants are defined below:
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Combining these two equations and defining [Bfree] = [Btot – AB], the net rate expression
is
d[AB]/dt = ka × [Afree] [Btot – AB] – kd × [AB]
which can be translated into terms from the SPR experiment as follows:
dR/dt = ka × C × (Rmax – R) – kd × R
where R is the binding response at any point along the sensorgram and C is the known
analyte concentration. Using global analysis as described above, ka, kd, and Rmax are
calculated from the experimental data using the rate equations shown below:
Association: dR/dt = ka × C × (Rmax – R) – kd × R
Dissociation: dR/dt = –kd × R
Because the concentration of analyte is zero during dissociation, the rate equation for
dissociation depends only on the response, R, and the dissociation rate constant, kd.
Application of the equilibrium condition where the complex formation (association) equals
complex decay (dissociation)
ka × [A] × [B] = kd × [AB]
yields the following equation for the equilibrium dissociation constant

where Req is the binding response at equilibrium that is measured in the experiment for a
given analyte concentration and C, KD, and Rmax are calculated using global analysis.
Kinetics binding models can be used to describe non-1:1 interactions, e.g., bivalent
interactions that occur if an antibody is used as the analyte, heterogeneity in binding
partners, conformational change, or more complex interactions such as cooperative
binding. SPR analysts are cautioned against using more complex models to assess data
unless experimental design has been confirmed.
Assessing the Fit: The quality and validity of the fit to the kinetic data can be assessed
by (1) visual inspection of the agreement between the experimental and calculated
curves, (2) the size and the shape of residual plots, (3) the biological relevance of the
results, and (4) statistical parameters such as 2 (average of squared residuals), and
standard error (SE), T-value or U (uniqueness) factor. The best parameter fit to the
experimental data should be superimposed on the curve for each concentration in the
experiment. The residual plot visualizes the difference between the calculated and
experimental data. The shape of the residuals should be random without trending
(waviness or curving up or down). The height of the residual plot should reflect the
instrument noise. Further, 2 should be minimized for a good fit with values that depend
on the instrument noise, number of data points, and overall binding response. The
parameter values should be considered for biological and experimental relevance. For
example, is the calculated ka value slow when the interaction is known to be fast, or is
the calculated Rmax value higher than the value that was calculated using Equations 1
and 2. Parameter significance is evaluated based on standard error, T-values, and U
factor. Parameters that are significant cannot be changed without affecting the quality
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of the fit. All of the criteria should be within acceptable limits.
A similar set of criteria can be used for assessing the fit to steady-state affinity data,
but because there are fewer data points (6–12 total, depending on the number of
concentrations used), the statistical parameters and residual plots are less predictive of
fit quality. Visual inspection of the agreement between the experimental and calculated
binding isotherms and the parameter relevance are good tools to use for assessing the
fit. Additionally, according to the relationship between concentration, KD, and Rmax,
when concentration equals the KD for the interaction R equals 50% of Rmax. Confirming
that the analyzed data follow this relationship provides another way to check the
validity of the calculated result. When it is practical to calculate the KD using both
kinetic and steady-state analysis approaches, the KD values should agree within
experimental error.
Addressing a Lack of Fit: When the data do not fit or the parameter values do not make
sense, often the problem can be resolved by a systematic approach that considers
potential sources for deviations and tests each hypothesis. Items to consider include
reagent purity, immobilization chemistry or surface density, analyte concentration
errors, nonspecific binding, loss of ligand activity, or mass-transport–limited binding.
Reviewing the raw (uncorrected) data helps determine the source of nonspecific binding
or concentration errors. Table 4 lists potential sources for deviations from 1:1 binding
and recommended actions.
Table 4. Common Sources for Deviation from 1:1 Binding Kinetics
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Source of Deviation
Nonzero baseline before
injection
Incorrect injection start
and stop times or poorly
defined injection
start/stop
Concentration input
errors
Bulk refractive index
contribution too high

Mass-transport–limited
binding
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Recommended Action
Normalize response to zero and reanalyze
Adjust injection start/stop
Remove sensorgram artifacts (e. g., injection
or air bubble spikes)
Verify concentration values and reanalyze
Use double-referencing approach before
analysis
Set RI = 0
Vary flow rate (slow to fast) for a single
concentration and overlay sensorgrams (should
be identical for same association and
dissociation time)
Include mass transport term, km, in fitting
model
Reduce surface density

Nonspecific binding
Change immobilization chemistry
Change sensor surface properties
Buffer additives—add or minimize
Reagent purity—repurify samples
Loss in binding partner
activity

Multi-valent binding
interaction

Change immobilization chemistry
Change regeneration solution
Re-analyze data using local instead of global
parameter fitting for Rmax
Immobilize multivalent binding partner

Recommendations for data analysis will be introduced in the subsequent sections of this
chapter.
Application 1—Immunogenicity Assessment: SPR has emerged as a powerful
technique for assessing immunogenicity of protein therapeutics. An advantage of this
platform for detecting antibodies in serum (or plasma) samples is that it allows label-free
detection based on mass accumulation in real time, which potentially allows detection of
low-affinity antibodies of all classes and subclasses. This technology is useful both for
screening assays (first-tier immunoassays that are used to detect the presence of
antibodies capable of binding to a protein therapeutic) and also characterization assays.
Characterization assays are useful for defining generated antibodies that bind to the
protein and can include analysis of antibody concentration, isotype(s) represented,
relative binding affinity, and binding specificity. A limitation is that SPR it is not
appropriate for determination of the neutralizing capability of antibodies, which is best
determined using cell-based biological assays. When designing and validating SPR assays
for immunogenicity assessment, analysts should consider critical parameters including
protein immobilization to ensure immunological reactivity, immobilized protein stability,
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and surface regeneration conditions.
Protein Immobilization: The first step in the development of immunogenicity
assessment assays is to identify the optimum mechanism for immobilization of the
target protein. When considering the target density for immobilization, analysts often
recommend that a high-density surface be used. The advantage of a high-density
surface is that it maximizes the opportunity that anti-therapeutic antibodies will come
in contact with an immobilized ligand. A high-density surface also provides excellent
assay sensitivity. An important aspect of these assays is that the chemistry chosen
for immobilization should provide random orientation rather than a site-directed
orientation so that all potential epitopes on the therapeutic protein are available for
binding by the anti-therapeutic antibodies. The effectiveness of immobilization is
determined by evaluating the ability of positive control antibodies to bind to the
immobilized protein. When evaluating the effectiveness of immobilization, analysts
should test multiple antibodies with different epitope specificities. When panels of
antibodies that cover a range of affinities and bind to different epitopes on the target
protein are all capable of binding, this provides confidence that antibodies contained in
clinical specimens also will be detected. If any of the positive control antibodies do
not demonstrate binding, this suggests that the immobilization is not optimal and
should be modified. Although SPR is demonstrably efficient at detecting low-affinity
antibodies, analysts should confirm that the immobilization protocol chosen is effective
for detection of low- and high-affinity antibodies.
Protein Stability Upon Immobilization: The positive control antibody must be able to
bind to the immobilized protein in order for an assay result to be acceptable. This
confirmation of binding provides confidence that if antibodies against a protein are
present in a sample, they will bind to the immobilized protein on the surface of the
sensor. Because SPR relies on re-using the immobilized protein surface for multiple
analyses, a regeneration protocol is required to effectively remove any bound material
from the immobilized protein. This regeneration procedure is based on the ability to
remove bound material without damaging or removing the immobilized protein. Several
regeneration protocols can be used, and most often the regeneration solution is an
acidic solution, commonly dilute HCl. The immobilized protein must remain intact and
functional after repeated regeneration steps.
Because the immobilized protein will be used routinely for multiple analyses involving
repeated cycles of serum samples, analysts should verify the stability of the
immobilized protein after regeneration cycles. The stability of the immobilized protein
can be monitored effectively by tracking the response units after regeneration and
also after addition of positive control antibody. If there is a change in baseline or a
decrease in the magnitude of binding by the positive control antibody, then the
immobilized protein likely is no longer suitable for further analyses. The stability
following regeneration should be established during assay development and should be
confirmed during assay validation. In order to monitor the performance of the sensor
during an assay, analysts should periodically test a positive control sample during an
assay run. If the performance of the positive control samples indicates the immobilized
protein has been compromised, analysts should re-analyze test samples obtained after
the performance of the assay dropped below acceptable limits. Acceptance
parameters for immobilization may vary by compound and should be established for
each assay.
Availability of Epitopes After Immobilization: Once the protein is immobilized, the
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availability of multiple epitopes should be confirmed. Ideally this is done by testing for
binding of positive control antibodies with different epitope specificity. One method for
testing epitope availability is to use a panel of monoclonal antibodies that are known
to recognize different regions of the protein. If the protein has been randomly
immobilized, all the different positive control antibodies should be able to bind. The
reason for evaluating epitope availability is to prevent false-negative results when
serum samples are evaluated. If the immobilization is not random, it would be possible
to consistently immobilize the protein via a specific epitope, thus making that epitope
unavailable for binding by an antibody. Another possibility is that chemical modification
of the protein to facilitate immobilization altered the protein's conformation.
Surface Regeneration and Subsequent Protein Stability: Using the previous
guidelines, analysts should monitor the surface for signs of accumulation and
degradation of the immobilized ligand and discontinue use when necessary. For
example, when the binding capacity of a positive control antibody (diluted in test
serum) drops below 80% of initial capacity the surface should not be used.
Assay Cut-point Determination: When performing assays to determine if a serum
sample contains antibodies against a protein, analysts sometimes observe a
background level of binding. That background binding can vary depending on the
nature of the immobilized protein and also the patient population being tested. In order
to determine if a test sample contains antibodies, analysts compare binding to control
samples that do not contain antibodies against the protein. A cut-point is established,
and when a sample contains antibodies the binding is greater than that cut-point.
Analysts determine the assay cut-point by analyzing a series of serum samples that do
not contain antibodies against the immobilized protein and then performing statistical
analysis to determine the level of binding consistent with a sample that does not
contain antibodies. The cut-point should be established using the same conditions
that will be used for sample analysis. Although different approaches are used for
determining a cut-point, a common approach is to establish the mean from the binding
of 50–100 serum samples from healthy volunteers and set the cut-point at 2 standard
deviations above that mean value. Analysts should remove statistical outliers from the
calculations because their inclusion can cause a high bias and raise the cut-point. This
higher cut-point will result in identification of fewer samples with antibodies against
the immobilized protein. The statistically evaluated cut-point is the response unit
value that serum samples must exceed to be considered positive for the presence of
antibodies against the therapeutic protein. An important feature of cut-point
determination is that it may be different in different patient populations. For example,
patients with inflammatory disease, may show a higher level of nonspecific reactivity
compared to a normal population. This higher level of nonspecific binding would result
in samples being identified as positive when they did not contain any antibodies
specific for the protein. When this situation arises, predose serum samples can be
used to establish a new patient population–specific mean and assay cut-point.
Analytical Procedure Development and Validation: Once the stability of the
immobilized protein is confirmed, a regeneration procedure has been defined, and the
cut-point established, the antibody testing method can be developed and validated.
The conditions used for analyzing samples should be identical to those used to
establish the assay cut-point. An important parameter to consider is the optimal
dilution of the serum sample. Increasing the dilution factor reduces nonspecific binding
by serum proteins but also reduces overall sensitivity. Most antibody assessment
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procedures use between 5% and 50% serum. As the percentage of serum that is
tested decreases, the percentage of the binding signal that is due to nonspecific
interaction also decreases, and subsequently the percentage of the signal mediated
by antibodies binding to the immobilized protein increases. Besides dilution, other
means to reduce nonspecific interaction include adding surfactants, increasing salt
concentration, adding BSA or HSA, or adding soluble sensor surface support material
such as carboxymethyl dextran or alginate to the dilution and running buffer.
Other important variables to optimize include flow rate and sample volume. The
combination of flow rate and sample volume defines the contact time, the length of
time during which a given sample is in contact with the immobilized protein. The longer
a sample is in contact with the immobilized protein, the greater the chances for
antibody binding. The next important aspect to consider is verification that initial
binding is a result of an antibody and not some other serum component. This can be
accomplished by adding an anti-human immunoglobulin reagent and monitoring
subsequent binding. If the initial binding observed was due to an anti-protein antibody,
this reagent will bind to that antibody (the anti-protein antibody remains bound to the
immobilized protein). When a therapeutic monoclonal antibody is the immobilized
protein, the confirmatory reagent must be screened and verified not to bind directly to
the immobilized therapeutic monoclonal antibody. One option here is the immobilization
of the Fab' fragment rather than the intact therapeutic monoclonal antibody. The
confirmatory reagent must be verified for specificity. Once all of the parameters are
optimized, the assay can be validated. Validation parameters include those typically
associated with immunogenicity assays (precision, specificity, sensitivity, and
robustness) as well as parameters specific to SPR assays (protein immobilization,
stability of immobilized surface, and number of regeneration cycles).
Interference by Serum Components: Depending on the immobilized protein, serum
components other than antibodies specifically directed against the immobilized protein
possibly could bind to the immobilized surface. It is also possible that serum
components that block the ability of antibodies to bind to the immobilized protein could
be present. Both of these can be evaluated by testing the binding of serum samples
from the target subject population that are known not to contain antibodies against
the immobilized protein and then monitoring to determine if any binding does occur. If
nonspecific binding is identified, steps can be taken to reduce or eliminate it. These
steps can include pretreatment of samples to remove the nonspecific reactant,
addition of surfactant, or alteration of salt concentration in sample buffers to reduce
nonspecific binding.
Analysts should verify that serum samples do not contain agents that are capable of
inhibiting antibody binding to the immobilized protein (these could include soluble forms
of the immobilized protein or soluble receptors that could bind to the immobilized
protein and block binding of the antibodies to the immobilized protein). Analysts can
add the positive control antibody to target serum samples and can evaluate binding. If
binding is inhibited by the target serum samples compared with binding to normal
human serum samples, steps can be taken to remove the inhibiting agent. Failure to
identify target serum interference can result in either false-positive or false-negative
results.
Implementation of Multiplex Assays: When a therapeutic protein is a secondgeneration product that has been modified from an original therapeutic protein (e.g.,
via pegylation or increased glycosylation), the presence of antibodies against both the
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original and the second-generation product should be evaluated simultaneously. This
can be accomplished by immobilizing each protein on separate channels in the
microfluidic device and allowing serum samples to bind in series or in parallel to both
immobilized proteins. The rationale for testing for binding to both the original and the
modified therapeutic protein is that antibodies generated against the modified protein
could have binding specificity to the original protein as well. As part of the
characterization of the immune response, analysts must understand the specificity of
antibodies for both first- and second-generation products. When possible, binding to
an endogenous counterpart might also be tested by immobilizing the endogenous
protein on a separate flow cell or channel.
Characterization of Anti-therapeutic Protein Antibodies: Once antibodies against a
therapeutic protein have been captured by binding to the immobilized therapeutic
protein, those antibodies can be characterized. The important features of antitherapeutic antibodies that can be studied include the relative binding affinity, the
amount of antibodies present in the serum sample, the isotype(s) of antibodies
present in the sample, and binding specificity.
By monitoring the rate at which the response units decrease after the conclusion of
sample addition to the sensor, analysts can determine the relative affinity of the
antibodies. A high rate of dissociation is characteristic of a low-affinity antibody, and
a slow rate of dissociation suggests the presence of high-affinity antibodies. It is
useful to compare the dissociation rates with both the positive control antibody
(typically a high-affinity antibody preparation) as well as a panel of monoclonal
antibodies of known binding affinities.
The relative active concentration of antibodies present in a sample can be estimated
by comparing the binding signal with the signal produced from a dilution series of the
positive control. Analysts can generate a standard curve from the standard and can
compare the active concentration of antibodies in the sample with that standard
curve. Because the positive control does not exactly mimic the mixture of antibodies
contained in the sample—in fact, the positive control is often obtained from
hyperimmunized animals such as rabbits—the concentration value obtained is relative
to the standard. This value only approximates the actual concentration of human
antibodies. Because the same positive control can be used throughout clinical
development, analysts can compare the amount of antibodies obtained from different
subjects using this strategy. Because the instrument's signal is proportional to the
mass that is binding to the sensor, this type of analysis provides value. Analysts
should consider that IgM antibodies have five times the mass of IgG antibodies.
Another approach for determining the concentration of antibodies is described in the
concentration analysis section of this chapter (see Application 2 below).
The isotype of captured antibodies can be readily determined by monitoring binding
associated with sequential addition of isotyping reagents. For example, if IgM
antibodies are present and have bound to the immobilized protein, the addition of an
anti-human IgM reagent will produce an additional signal. Isotyping reagents can be
found with specificity towards IgM, IgG, IgE, IgA, IgG1, IgG2, IgG3, and IgG4. Because
of steric hindrance, analysts may be required to repeat isotyping analyses in different
sequences to be certain the presence of previously bound isotyping reagents has not
hindered subsequent analyses. For example, assume a sample contains both IgG1 and
IgG4 antibodies against a protein and both species have bound to the immobilized
protein. Because the anti-IgG1 isotyping reagent has bound to the IgG1 antibodies,
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the isotyping reagent bound to them may prevent subsequent additions of an anti
IgG4 reagent from binding to the IgG4, and the presence of the IgG4 would be
undiscovered. Analysts will conclude that only IgG1 antibodies are present, but if the
order of isotyping reagent addition were reversed the IgG4 antibodies would be
discovered. This example underscores the importance of careful interpretation of
isotyping results. This is a problem for subsequent analysis only if there is observed
binding by a previous cycle of isotype reagent addition. The specificity of isotyping
reagents should be confirmed before use. Analysts should, for example, verify that an
anti-human IgG reagent binds only to human IgG and does not cross-react with human
IgM.
The region of the therapeutic protein recognized by the antibodies can sometimes be
determined by immobilizing versions of the protein that have been truncated, have
point mutations, or contain only a fragment of the protein. If the antibodies fail to bind
to the changed version of the protein, it suggests that the epitope toward which the
antibody is directed was influenced by the change. Care must be taken to recognize
that even a point mutation to a protein can have far-reaching effects if the folding or
conformation of the protein is also disrupted by the change. A subject is likely to
generate a population of antibodies with different specificities that recognize variety
of epitopes. Despite this concern, the strategy just described can prove useful for
identifying the region on the protein where the antibodies are binding.
Application 2—Concentration Analysis: SPR can be used to determine the
concentration of biologics in defined buffer systems, e.g., eluates from purification
columns, formulation buffers, and complex mixtures such as serum, fermentation broths,
crude cell extracts, and cell suspensions. The concentration of an analyte is measured
by its binding to the specific ligand or other molecules that can interact with any portion
of the analyte. The analyte concentration is determined on a surface where the
analyte-specific ligand or an analyte-specific capture reagent is immobilized. The binding
rate or the mass of analyte bound is determined, and the analyte concentration is
calculated using either a standard curve obtained from a concentration series of a
purified and well characterized reference material or by a calibration-free analysis that is
based on the relationship between the diffusion properties of the analyte and the
absolute analyte concentration.
Immobilization of Ligand: To determine concentration the ligand is immobilized
covalently or non-covalently on the surface. Analysts select an appropriate coupling
mechanism and chemistry to ensure the ligand's functional integrity. In order to
provide conditions that favor partial or full independence of kinetic parameters, a high
surface density of the ligand is desired.
A high-density surface allows the analyte to bind to the ligand under conditions that
limit mass transport. The interaction between the analyte and the ligand can be
described by the following two-step process:

where A is the concentration of analyte in the sample, Asurface is the concentration of
analyte at the sensor surface, km is the mass transport coefficient, B is the
immobilized ligand, AB is the analyte–ligand complex, and ka and kd are the rate
constants for the reaction between A and B. The mass transport coefficient km
depends on the flow rate, the dimensions of the flow cell, and the diffusion coefficient
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of the analyte. The analyte first must be transported from the bulk to the sensor
surface to react with the immobilized ligand molecules. If this mass transport of the
analyte is much faster than the association step between ligand and analyte, the
overall observed binding will be driven by the kinetic rate constants of A and B, a
prerequisite for accurately determining the kinetic parameters. If the mass transport of
analyte is much slower than the association step, the binding will be limited by the
mass transport process, and kinetic parameters for the specific interaction between A
and B will be difficult to obtain. However, these conditions are desired for determining
the active concentration of an analyte. A high density of ligand on the sensor surface
and slower flow rates favor limited mass transport. Between these extremes, the
overall binding is determined by contributions from both mass transport and interaction
kinetics. It may not be possible to achieve limited conditions of mass transport for
concentration analyses of interactions with relatively slow association rate constants
(e.g., ka = 104 M–1s–1).
The ligand and the analyte reference material should be of sufficient purity with
special attention to the presence of aggregated material. Aggregates of the analyte
can interfere with the regeneration of the ligand surface because they can bind with
multiple binding sites.
The reference material must be comparable (e.g., molecular weight and kinetic
parameters) to the test samples. Under certain conditions the active concentration in
unknown samples can be determined using a calibration-free procedure that is based
on the relationship between the diffusion properties of the analyte and the absolute
analyte concentration. These two methodologies are described separately below.
Concentration Determination with a Reference Standard Curve: In typical
concentration-determination assays the analyte concentration is calculated from a
standard curve that is obtained with a reference material injected at select
concentrations. Three alternative approaches to measuring concentration with SPR
are available when analysts use a reference standard calibration curve:
Determine the quantity of analyte bound after an arbitrarily fixed sample
injection time.
Determine the rate of analyte binding at the beginning of sample injection. If the
association is limited by mass transport, the binding rate is directly proportional
to analyte concentration and is independent of association kinetics.
When the mechanism of action for an analyte is binding to a soluble ligand and
thereby disrupting a ligand–receptor interaction, an inhibition assay can be
used. In an inhibition assay, a receptor is attached to the sensor surface by a
covalent linkage. The interaction between the analyte and the soluble ligand is
indirectly measured by mixing a fixed concentration of ligand with varying
concentrations of the analyte and injecting the ligand–analyte mixture across
the immobilized receptor surface. Competitive methods in solution can also be
used for very large molecules and particles such as viruses, as well as for small
analytes that give low direct responses. In parallel systems the assay can be
designed so that the standard samples and the unknown sample are injected in
parallel. This method can be useful for ligands that are difficult to regenerate.
Analysts can plot the signal (amount bound or rate of binding) of the reference
material standards against concentrations and then can generate a standard curve
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using an appropriate mathematical model such as a linear or a logistic four-parameter
curve fit. Samples can be injected at one or more dilutions. Fewer dilutions can be
employed if a linear relationship between sample and reference standard has been
demonstrated. Concentrations of unknown samples are either obtained by backcalculation from the standard curve or, if they are analyzed at the same target
concentrations as those of the reference standard curve, by comparison of curve-fit
parameters.
Parameters that can influence assay performance and results include but are not
limited to flow rate, ligand density on the surface, sample purity, sample matrix, and
reproducibility of surface regeneration. These parameters must be evaluated during
assay qualification or validation. Interference with binding of analyte to the
immobilized ligand can be minimized by salts, detergents, or sensor-surface support
material. A commonly used sensor surface consists of carboxymethylated dextran, so
the addition of dextran to the sample dilution buffer can minimize nonspecific
interactions. Injections over a negative control surface can also be used to
mathematically subtract the nonspecific binding data from the data obtained on the
positive surface. A qualified or validated concentration determination SPR assay should
include QC samples that can serve as measure to determine the accuracy of the
standard curve that has been prepared to analyze samples with unknown analyte
concentration. They can be conveniently prepared in larger batches, qualified for use
with a Certificate of Analysis for the target concentration, and stored in small aliquots
under appropriate storage conditions.
After each analyte injection the ligand surface is regenerated and all bound analyte is
removed. This regeneration must be strong enough to remove all bound analyte, but
the conditions also must leave the immobilized ligand intact so that injections can be
compared to each other.
Concentration Determination Without Calibration: Calibration-free concentration
assays are based on the relationship between the diffusion properties of the analyte
and the absolute analyte concentration. By measuring the initial binding rate analysts
can derive the analyte concentration if specific properties of analyte and the
analytical environment are known. This approach can be useful when no satisfactory
reference standard is available.
To determine the analyte concentration in a sample, analysts use the relationship
between initial binding rate and analyte concentration. On a sensor surface with a
high immobilization level, the initial binding rate (slope) can be described as a function
of the molecular weight, the mass transport coefficient km, and the concentration of
the analyte. Before a sample is analyzed analysts must determine the mass transport
coefficient. It depends on the diffusion coefficient (D), flow rate, and flow cell
dimensions and is described by the following formula:

where D is the diffusion coefficient, f is the flow rate, and h, w, and l are the flow cell
height, width, and length, respectively. Flow rate and flow cell dimensions typically are
known for a given instrument, and the diffusion coefficient is determined by the size
and shape of the molecule by the use of instrument-specific tools, literature
references, or experiments, e.g., by analytical ultracentrifugation or light scattering.
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In a typical experimental setup the evaluation requires two flow rates. By using
measurements at two widely separated flow rates, analysts can assess the influence
of flow rate on binding rate. The robustness of the assay is also improved by fitting
the data obtained at two different flow rates, which give correspondingly two different
values for km (because km depends on the flow rate), to a model with a global variable
for analyte concentration (so that the model is constrained to find a single
concentration value that best fits both curves simultaneously).
Calibration-free concentration analysis is suitable only for proteins with MW 5000
Da. It requires fast analyte–ligand association (ka > 5 × 104 M–1s–1) and it cannot
handle mixtures of analytes with different diffusion properties. The dynamic range of
the method is approximately 0.05–5 µg/mL.
Application 3—Kinetic and Affinity Analysis: Because of its ability to detect binding
interactions in real time, SPR provides valuable information about the kinetics of complex
formation and dissociation. SPR instruments can be used to determine the association
rate constant and dissociation rate constant for a particular binding interaction, and
these values can be used subsequently to calculate the dissociation equilibrium
constant (KD = kd / ka). Obtaining KD from a ratio of ka and kd is useful when the binding
interaction does not reach equilibrium in a timeframe that is suitable for an SPR binding
experiment. For binding interactions that reach equilibrium (rate of complex formation
equals the rate of complex decay) in min (vs. h), KD can be determined directly from a
steady-state binding response. The length of time required to reach equilibrium is
influenced by the dissociation rate, so quickly dissociating complexes (e.g. kd = 10–2 s–
1) will reach equilibrium faster than those that dissociate slowly (e.g., k = 10–5 s–1).
d
Software programs capable of simulating 1:1 binding kinetics are useful for predicting
the length of time required to reach equilibrium. The typical working range for affinity
measurements with commercially available SPR instruments is from 10–12 M (pM) to 10–4
M (µM).
Proper experimental design is required to accurately measure ka, kd, and KD. Several
questions must be considered when designing kinetic analysis or steady-state affinity
experiments, including:
Which binding partner should be immobilized?
How will the analyst immobilize one of the binding partners?
What type of reference surface should be used?
How much binding partner should be immobilized?
Does the binding partner maintain activity after immobilization?
Is binding to the immobilized binding partner specific?
What regeneration conditions, if necessary, should be used?
When selecting which binding partner to immobilize for most protein–protein interactions,
analysts must consider several factors: (1) the purity and availability of the proteins,
(2) the presence of a tag or functional group to aid in immobilization, (3) maintaining
biological activity, and (4) the binding valency (e.g., monovalent vs. multivalent
binding).
A reference surface is required for all detailed kinetic and affinity analysis experiments.
If direct immobilization is used, then a reference surface is created using the same
immobilization protocol, omitting the protein during the coupling step. Alternatively, a
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mutant form of the protein with a modified binding site can be used. The reference
surface for high-affinity capture typically consists of either the capture molecule and no
binding partner, or uses an unrelated molecule for a mock capture surface. For the
specific case of antibody–antigen interactions, an unrelated monoclonal antibody often
serves as the capture reagent on the reference surface.
After deciding on the immobilization approach, analysts must decide how much binding
partner to immobilize. For kinetic analysis, the primary consideration is to minimize the
surface density to avoid mass-transport–limited binding of the analyte molecule to the
immobilized binding partner. Analysts also must consider the immobilization level when
conducting steady-state affinity analysis because high immobilization levels can cause
steric hindrance or can induce secondary effects such as nonspecific binding or
aggregation.
Before performing a kinetic experiment or steady-state affinity analysis, analysts must
assess the activity of the surface by injecting the analyte molecule at a single
concentration. The concentration should be high enough that the equilibrium binding
response provides a close approximation of the experimental maximum response (Rmax).
This condition is typically met when the target molecule concentration is at least 10fold higher than the KD of the binding interaction. For a protein–protein interaction
having a KD value of 100 pM this means that the target molecule should be injected at a
concentration of at least 1 nM. Using the Rmax equation (Equations 1 and 2), analysts
can calculate the theoretical Rmax based on the amount of binding partner immobilized or
captured. If the experimental Rmax exceeds the theoretical Rmax, then the analyte
molecule is larger than expected or the analyte exists in a higher-order structure than
expected (e.g., following aggregation or as a multimer). If the experimental Rmax is
significantly lower (< 50%) than the theoretical Rmax, this suggests that the
immobilization procedure has compromised the binding site, and an alternative
immobilization procedure should be investigated. An advantage of using high-affinity
capture instead of direct coupling is that the surface activity typically remains close to
100%, provided that the specific activity of the immobilized binding partner is 100%
before capture.
Injecting the target molecule across the reference surface also provides a quick
assessment of the amount of nonspecific binding that exists on the sensor surface.
Nonspecific binding that is electrostatic in nature can be eliminated or reduced by
addition of salt (e.g., 0.5–1.0 M NaCl) to the sample diluent buffer and the running
buffer or by using sensor surfaces with a low charge density. Nonspecific binding that
arises from hydrophobic interactions can be minimized or eliminated by the addition of
detergents such as 0.05% Polysorbate 20 or 10 mM CHAPS to the sample diluent buffer
and the running buffer. Before using buffer additives, analysts should test whether the
specific binding interaction or binding activity is affected. Nonspecific binding to a
capture molecule can be resolved by switching to a different capture molecule. Reducing
surface density also may eliminate nonspecific binding.
Many protein–protein interactions dissociate slowly (kd = 10–3 to 10–6 s–1), with
complex half-lives (t 1/2 ) of more than 2 h. A regeneration step is important for these
types of binding interactions.
In some protein–protein interactions, surface regeneration may not be possible because
of a high-affinity binding interaction between the molecules. If this situation occurs,
analysts can consider a titration kinetic experiment or the use of instruments that are
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capable of performing parallel analyte injections. In a kinetic titration, increasing
concentrations of target molecule are injected consecutively across the immobilized
surface, and the resulting data are analyzed using a titration kinetics model. In parallel
instruments the analyte concentration series is injected in one step, thus eliminating the
need for regeneration.
Surface regeneration typically is not performed for steady-state affinity experiments
because the binding interactions in this type of experiment have kd values in the range
of 10–2 to 0.5 s–1, and therefore have t 1/2 values of < 2 min. The bound analyte
dissociates from the surface as buffer flows over the surface, and regeneration is not
required.
Analysts should have an accurate analyte concentration for kinetic analysis because the
calculation of ka depends on the analyte concentration. Typically an absorbance reading
at a wavelength of 280 nm (A280) is used for this purpose, but analysts should remember
that the A280 value reflects the total bulk protein in solution and does not reflect the
actual concentration of protein that is capable of binding (i.e., the active
concentration).
Sample diluent injections should be included in replicate for kinetics and steady-state
affinity experiments so that nonspecific responses due to instrumentation or sample
diluent can be removed during the data-evaluation process.
The recommended analyte concentration range is 10-fold below and above the KD for
the interaction. By keeping the surface density low (Rmax = 5–50 RU) and extending the
association time, analysts should be able to collect data with enough curvature to
accurately define ka and kd values. When the affinity of the interaction is high (KD = low
nM to pM), higher analyte concentrations may be required to build a kinetic profile with
sufficient curvature to complete the kinetic analysis. Increasing the analyte
concentration should not be a substitute for changing other experimental design
parameters (e.g., surface density and contact time). Although it is desirable to use
analyte concentrations that approach Rmax, unusually high concentrations may induce
aggregation of the analyte in solution or nonspecific binding to the surface.
Within an analyte concentration series, replicate samples should be used to assess
surface activity. Additionally, each concentration series should be tested 3–5 times
using different surfaces in order to establish confidence intervals for the resulting
kinetics and affinity constants.
The amount of data that is collected during the kinetic or steady-state affinity
experiment affects the accuracy of the results. For kinetic experiments involving binding
interactions with slow kd values, analysts should collect enough dissociation data so
that a measurable dissociation response (vs. instrument noise) is acquired. For example,
a binding interaction between a therapeutic monoclonal antibody and its target molecule
that has a kd of 10–5 s–1 will require the collection of at least 4 h of dissociation data.
Rather than collecting this much dissociation data for all analyte concentrations,
analysts can use a long dissociation time for the highest concentration of analyte that
will be injected, and they can use a short dissociation time (2–5 min) for all other
analyte concentrations. With parallel-injection instruments one can collect the long
dissociation data for all of the concentrations. For data evaluation analysts should
collect both long and short dissociation time data for sample diluent injections. For
steady-state affinity experiments, the analyte injection time should be long enough to
allow for a steady-state binding response to occur at all analyte concentrations that
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are tested. Dissociation data do not have to be collected for a steady-state affinity
experiment because dissociation data are not used in the evaluation of this type of
experiment, but the complete dissociation of analyte is required before beginning the
next injection.
Use of SPR in a Regulated Environment
When SPR assays are used for lot release and stability testing, the assay must exist within a
controlled setting so that decisions can be made about the use of product within the clinic or
marketplace. SPR instrumentation, including software, should be 21 CFR Part 11 compliant and
should be amenable to validation. These requirements are important because they help ensure
the integrity of both data acquisition and data evaluation.
Besides using SPR instrumentation that meets regulatory requirements, analysts should
establish system suitability criteria for an SPR assay. Including these criteria in an SPR assay
ensures that the results obtained for the test sample are generated by an assay that is
performing within its operating parameters. System suitability parameters can include:
ligand immobilization density
EC50 values for reference standard curve and positive QC curve
effective asymptotes for reference standard curve and positive QC curve
calculated concentration for positive QC (single-point positive QC measurement)
R2 values for reference standard curve and positive QC curve
relative bioactivity for positive QC
binding response for negative QC (nonspecific analyte or diluent)
parallelism between reference standard curve and positive QC curve
A discussion of parallelism is not within the scope of this chapter, but the reader is referred
to USP general chapters Design and Analysis of Biological Assays
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and Analysis of

Biological Assays 1034 for more detailed discussions. Multiple lots of ligand, analyte,
coupling reagents, and sensor surfaces should be used to establish assay system suitability
criteria that reflect normal assay conditions. Assay results for reference standard and QC
samples should be tracked over time. Regular trending analyses should be done on the data
to show whether the SPR assay remains in control over its required lifecycle. If trending in
the data is observed, remedies can be performed proactively, preventing assay failure.
For SPR assays that are used in lot-release testing, analysts also should important to
establish sample acceptance criteria. These criteria are used to accept or reject sample data
and can include:
relative bioactivity for test sample
coefficient of variation (CV) for sample replicates
parallelism between reference standard curve and positive QC curve
Another point to consider for SPR assays in regulated environments is the identification of
noncritical and critical reagents. Noncritical reagents typically include coupling buffer,
regeneration buffer, and continuous flow (running) buffer. Critical reagents typically include
the ligand and analyte for direct binding assays, and ligand, analyte, and competitor molecule
in inhibition binding assays. Critical reagents should be qualified/requalified on a routine basis
to ensure that they are suitable for use in the SPR assay. Best practices for the
characterization of critical reagents are not within the scope of this chapter, so the reader is
referred to current regulatory documents for such discussion. Analysts should use current
regulatory documents such as ICH Guideline Q2(R1) Validation of Analytical Procedures and
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USP–NF General Chapter Validation of Compendial Procedures
SPR assays in a regulated laboratory. 1S (USP35)

1225

when they validate

BRIEFING
1231 Water for Pharmaceutical Purposes, USP 34 page 787. A number of changes are
proposed for this general information chapter related to packaged waters and how leachable
organics from the packaging components render the waters sometimes significantly less pure
than their namesakes. In the case of packaged forms of bulk Purified Water and Water for
Injection, the proposed changes relate to microbial control of these nonsterile waters and
leachables from their packaging that may render them unsuitable for certain uses. Additional
discussion of packaging leachables has been added to the section on Sterile Water for
Injection, as well as to the Chemical Considerations section regarding how the original organic
purity test, Oxidizable substances, facilitated the presence of organic packaging leachables,
particularly in the sterilized waters. Additional changes are proposed to the discussion of Pure
Steam to clarify the lack of need for microbial testing, and to the discussion of Filtered Water
and High-Purity Water to correct inaccuracies.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C101769

Comment deadline: July 31, 2011
1231

WATER FOR PHARMACEUTICAL PURPOSES
INTRODUCTION

Water is widely used as a raw material, ingredient, and solvent in the processing, formulation,
and manufacture of pharmaceutical products, active pharmaceutical ingredients (APIs) and
intermediates, compendial articles, and analytical reagents. This general information chapter
provides additional information about water, its quality attributes that are not included within a
water monograph, processing techniques that can be used to improve water quality, and a
description of minimum water quality standards that should be considered when selecting a
water source.
This information chapter is not intended to replace existing regulations or guides that already
exist to cover USA and International (ICH or WHO) GMP issues, engineering guides, or other
regulatory (FDA, EPA, or WHO) guidances for water. The contents will help users to better
understand pharmaceutical water issues and some of the microbiological and chemical concerns
unique to water. This chapter is not an all-inclusive writing on pharmaceutical waters. It
contains points that are basic information to be considered, when appropriate, for the
processing, holding, and use of water. It is the user's responsibility to assure that
pharmaceutical water and its production meet applicable governmental regulations, guidances,
and the compendial specifications for the types of water used in compendial articles.
Control of the chemical purity of these waters is important and is the main purpose of the
monographs in this compendium. Unlike other official articles, the bulk water monographs
(Purified Water and Water for Injection) also limit how the article can be produced because of
the belief that the nature and robustness of the purification process is directly related to the
resulting purity. The chemical attributes listed in these monographs should be considered as a
set of minimum specifications. More stringent specifications may be needed for some
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applications to ensure suitability for particular uses. Basic guidance on the appropriate
applications of these waters is found in the monographs and is further explained in this chapter.
Control of the microbiological quality of water is important for many of its uses. Most packaged
forms of water that have monograph standards are required to be sterile because some of their
intended uses require this attribute for health and safety reasons. USP has determined that a
microbial specification for the bulk monographed waters is inappropriate and has not been
included within the monographs for these waters. These waters can be used in a variety of
applications, some requiring extreme microbiological control and others requiring none. The
needed microbial specification for a given bulk water depends upon its use. A single
specification for this difficult-to-control attribute would unnecessarily burden some water users
with irrelevant specifications and testing. However, some applications may require even more
careful microbial control to avoid the proliferation of microorganisms ubiquitous to water during
the purification, storage, and distribution of this substance. A microbial specification would also
be inappropriate when related to the “utility” or continuous supply nature of this raw material.
Microbial specifications are typically assessed by test methods that take at least 48 to 72
hours to generate results. Because pharmaceutical waters are generally produced by
continuous processes and used in products and manufacturing processes soon after generation,
the water is likely to have been used well before definitive test results are available. Failure to
meet a compendial specification would require investigating the impact and making a pass/fail
decision on all product lots between the previous sampling's acceptable test result and a
subsequent sampling's acceptable test result. The technical and logistical problems created by
a delay in the result of such an analysis do not eliminate the user's need for microbial
specifications. Therefore, such water systems need to be operated and maintained in a
controlled manner that requires that the system be validated to provide assurance of
operational stability and that its microbial attributes be quantitatively monitored against
established alert and action levels that would provide an early indication of system control. The
issues of water system validation and alert/action levels and specifications are included in this
chapter.
SOURCE OR FEED WATER CONSIDERATIONS
To ensure adherence to certain minimal chemical and microbiological quality standards, water
used in the production of drug substances or as source or feed water for the preparation of the
various types of purified waters must meet the requirements of the National Primary Drinking
Water Regulations (NPDWR) (40 CFR 141) issued by the U.S. Environmental Protection Agency
(EPA) or the drinking water regulations of the European Union or Japan, or the WHO drinking
water guidelines. Limits on the types and quantities of certain organic and inorganic
contaminants ensure that the water will contain only small, safe quantities of potentially
objectionable chemical species. Therefore, water pretreatment systems will only be challenged
to remove small quantities of these potentially difficult-to-remove chemicals. Also, control of
objectionable chemical contaminants at the source-water stage eliminates the need to
specifically test for some of them (e.g., trihalomethanes and heavy metals) after the water has
been further purified.
Microbiological requirements of drinking water ensure the absence of coliforms, which, if
determined to be of fecal origin, may indicate the potential presence of other potentially
pathogenic microorganisms and viruses of fecal origin. Meeting these microbiological
requirements does not rule out the presence of other microorganisms, which could be
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considered undesirable if found in a drug substance or formulated product.
To accomplish microbial control, Municipal Water Authorities add disinfectants to drinking water.
Chlorine-containing and other oxidizing substances have been used for many decades for this
purpose and have generally been considered to be relatively innocuous to humans. However,
these oxidants can interact with naturally occurring organic matter to produce disinfection byproducts (DBPs), such as trihalomethanes (THMs, including chloroform, bromodichloromethane,
and dibromochloromethane) and haloacetic acids (HAAs, including dichloroacetic acid and
trichloroacetic acid). The levels of DBPs produced vary with the level and type of disinfectant
used and the levels and types of organic materials found in the water, which can vary
seasonally.
Because high levels of DBPs are considered a health hazard in drinking water, Drinking Water
Regulations mandate their control to generally accepted nonhazardous levels. However,
depending on the unit operations used for further water purification, a small fraction of the
DBPs in the starting water may carry over to the finished water. Therefore, the importance of
having minimal levels of DBPs in the starting water, while achieving effective disinfection, is
important.
DBP levels in drinking water can be minimized by using disinfectants such as ozone,
chloramines, or chlorine dioxide. Like chlorine, their oxidative properties are sufficient to damage
some pretreatment unit operations and must be removed early in the pretreatment process.
The complete removal of some of these disinfectants can be problematic. For example,
chloramines may degrade during the disinfection process or during pretreatment removal,
thereby releasing ammonia, which in turn can carry over to the finished water. Pretreatment
unit operations must be designed and operated to adequately remove the disinfectant, drinking
water DBPs, and objectionable disinfectant degradants. A serious problem can occur if unit
operations designed to remove chlorine were, without warning, challenged with chloraminecontaining drinking water from a municipality that had been mandated to cease use of chlorine
disinfection to comply with ever tightening EPA Drinking Water THM specifications. The
dechlorination process might incompletely remove the chloramine, which could irreparably
damage downstream unit operations, but also the release of ammonia during this process might
carry through pretreatment and prevent the finished water from passing compendial
conductivity specifications. The purification process must be reassessed if the drinking water
disinfectant is changed, emphasizing the need for a good working relationship between the
pharmaceutical water manufacturer and the drinking water provider.
Change to read:
TYPES OF WATER
There are many different grades of water used for pharmaceutical purposes. Several are
described in USP monographs that specify uses, acceptable methods of preparation, and quality
attributes. These waters can be divided into two general types: bulk waters, which are
typically produced on site where they are used; and sterile waters, which are produced,
packaged, and sterilized to preserve microbial quality throughout their packaged shelf life.
There are several specialized types of sterile waters, differing in their designated applications,
packaging limitations, and other quality attributes.
There are also other types of water for which there are no monographs. These are all bulk
waters, with names given for descriptive purposes only. Many of these waters are used in
specific analytical methods. The associated text may not specify or imply certain quality
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attributes or modes of preparation. These nonmonographed waters may not necessarily adhere
strictly to the stated or implied modes of preparation or attributes. Waters produced by other
means or controlled by other test attributes may equally satisfy the intended uses for these
waters. It is the user's responsibility to ensure that such waters, even if produced and
controlled exactly as stated, be suitable for their intended use. Wherever the term “water” is
used within this compendia without other descriptive adjectives or clauses, the intent is that
water of no less purity than Purified Water be used.
What follows is a brief description of the various types of pharmaceutical waters and their
significant uses or attributes. Figure 1 may also be helpful in understanding some of the various
types of waters.

Figure 1. Water for pharmaceutical purposes.
Bulk Monographed Waters and Steam
The following waters are typically produced in large volume by a multiple-unit operation water
system and distributed by a piping system for use at the same site. These particular
pharmaceutical waters must meet the quality attributes as specified in the related monographs.
Purified Water—Purified Water (see the USP monograph) is used as an excipient in the
production of nonparenteral preparations and in other pharmaceutical applications, such as
cleaning of certain equipment and nonparenteral product-contact components. Unless
otherwise specified, Purified Water is also to be used for all tests and assays for which water is
indicated (see General Notices and Requirements). Purified Water is also referenced throughout
the USP–NF. Regardless of the font and letter case used in its spelling, water complying with
the Purified Water monograph is intended. Purified Water must meet the requirements for ionic
and organic chemical purity and must be protected from microbial contamination. The minimal
quality of source or feed water for the production of Purified Water is Drinking Water. This
source water may be purified using unit operations that include deionization, distillation, ion
exchange, reverse osmosis, filtration, or other suitable purification procedures. Purified water
systems must be validated to reliably and consistently produce and distribute water of
acceptable chemical and microbiological quality. Purified water systems that function under
ambient conditions are particularly susceptible to the establishment of tenacious biofilms of
microorganisms, which can be the source of undesirable levels of viable microorganisms or
endotoxins in the effluent water. These systems require frequent sanitization and
microbiological monitoring to ensure water of appropriate microbiological quality at the points of
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use.
The Purified Water monograph also allows bulk packaging for commercial use elsewhere. There
is a potential for the occurrence of microbial contamination and other quality changes in this
bulk packaged nonsterile water. Therefore, In contrast to Sterile Purified Water, bulk packaged
Purified Water is not required to be sterile. Because there is potential for microbial
contamination and other quality changes in this bulk packaged nonsterile water, 1S (USP35)
this form of Purified Water should be prepared and stored in a fashion that limits microbial
growth and/or is 1S (USP35)
simply used in a timely fashion before microbial proliferation renders it unsuitable for its intended
use. Also depending on the material used for packaging, there could be extractable compounds
leaching into the water from the packaging. Though this article may meet its required chemical
attributes, such extractables may is required to meet the same chemical purity limits as the
bulk water, packaging extractables will render the packaged water less pure than the bulk
water. The nature of these impurities may even 1S (USP35)
render the water an inappropriate choice for some applications. It is the user's responsibility to
ensure fitness for use of this packaged article when used in manufacturing, clinical, or
analytical applications where the pure bulk form of the water is indicated.
Water for Injection—Water for Injection (see the USP monograph) is used as an excipient in
the production of parenteral and other preparations where product endotoxin content must be
controlled, and in other pharmaceutical applications, such as cleaning of certain equipment and
parenteral product-contact components. The minimum quality of source or feed water for the
generation of Water for Injection is Drinking Water as defined by the U.S. Environmental
Protection Agency (EPA), EU, Japan, or WHO. This source water may be pretreated to render it
suitable for subsequent distillation (or whatever other validated process is used according to
the monograph). The finished water must meet all of the chemical requirements for Purified
Water as well as an additional bacterial endotoxin specification. Because endotoxins are
produced by the kinds of microorganisms that are prone to inhabit water, the equipment and
procedures used by the system to purify, store, and distribute Water for Injection must be
designed to minimize or prevent microbial contamination as well as remove incoming endotoxins
from the starting water. Water for Injection systems must be validated to reliably and
consistently produce and distribute this quality of water.
The Water for Injection monograph also allows it to be packed in bulk for commercial use. Bulk
packaged Water for Injection is required to be sterile, thus eliminating microbial contamination
quality changes. However, packaging extractables may render this water an inappropriate
choice for some applications. bulk packaging for commercial use. In contrast to Sterile Water
for Injection, bulk packaged Water for Injection is not required to be sterile. However, to
preclude significant changes in its microbial and endotoxins content during storage, this form of
Water for Injection should be prepared and stored in a fashion that limits microbial growth
and/or is simply used in a timely fashion before microbial proliferation renders it unsuitable for
its intended use. Also depending on the material used for packaging, there could be extractable
compounds leaching into the water from the packaging. Though this article is required to meet
the same chemical purity limits as the bulk water, packaging extractables will render the
packaged water less pure than the bulk water. The nature of these impurities may even render
the water an inappropriate choice for some applications. 1S (USP35)
It is the user's responsibility to ensure fitness for use of this packaged article when used in
manufacturing, clinical, or analytical applications where the purer bulk form of the water is
indicated.
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Water for Hemodialysis—Water for Hemodialysis (see the USP monograph) is used for
hemodialysis applications, primarily the dilution of hemodialysis concentrate solutions. It is
produced and used on site and is made from EPA Drinking Water which has been further purified
to reduce chemical and microbiological components. It may be packaged and stored in
unreactive containers that preclude bacterial entry. The term “unreactive containers” implies
that the container, especially its water contact surfaces, are not changed in any way by the
water, such as by leaching of container-related compounds into the water or by any chemical
reaction or corrosion caused by the water. The water contains no added antimicrobials and is
not intended for injection. Its attributes include specifications for Water conductivity, Total
organic carbon (TOC) (or oxidizable substances), Microbial limits, and Bacterial endotoxins. The
Water conductivity and Total organic carbon attributes are identical to those established for
Purified Water and Water for Injection; however, instead of total organic carbon, the organic
content may alternatively be measured by the test for Oxidizable substances. The Microbial
limits attribute for this water is unique among the “bulk” water monographs, but is justified on
the basis of this water's specific application that has microbial content requirements related to
its safe use. The Bacterial endotoxins attribute is likewise established at a level related to its
safe use.
Pure Steam—Pure Steam (see the USP monograph) is also sometimes referred to as “clean
steam”. It is used where the steam or its condensate would directly contact official articles or
article-contact surfaces, such as during their preparation, sterilization, or cleaning where no
subsequent processing step is used to remove any codeposited impurity residues. These Pure
Steam applications include but are not limited to porous load sterilization processes, product or
cleaning solutions heated by direct steam injection, or humidification of processes where steam
injection is used to control the humidity inside processing vessels where the official articles or
their in-process forms are exposed. The primary intent of using this quality of steam is to
ensure that official articles or article-contact surfaces exposed to it are not contaminated by
residues within the steam.
Pure Steam is prepared from suitably pretreated source water analogously to either the
pretreatment used for Purified Water or Water for Injection. The water is vaporized with
suitable mist elimination, and distributed under pressure. The sources of undesirable
contaminants within Pure Steam could arise from entrained source water droplets, anticorrosion
steam additives, or residues from the steam production and distribution system itself. The
attributes in the Pure Steam monograph should detect most of the contaminants that could
arise from these sources. If the official article exposed to potential Pure Steam residues is
intended for parenteral use or other applications where the pyrogenic content must be
controlled, the Pure Steam must additionally meet the specification for Bacterial Endotoxins
85 .
These purity attributes are measured on the condensate of the article, rather than the article
itself. This, of course, imparts great importance to the cleanliness of the Pure Steam
condensate generation and collection process because it must not adversely impact the quality
of the resulting condensed fluid.
Other steam attributes not detailed in the monograph, in particular, the presence of even small
quantities of noncondensable gases or the existence of a superheated or dry state, may also
be important for applications such as sterilization. The large release of energy (latent heat of
condensation) as water changes from the gaseous to the liquid state is the key to steam's
sterilization efficacy and its efficiency, in general, as a heat transfer agent. If this phase
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change (condensation) is not allowed to happen because the steam is extremely hot and in a
persistent superheated, dry state, then its usefulness could be seriously compromised.
Noncondensable gases in steam tend to stratify or collect in certain areas of a steam
sterilization chamber or its load. These surfaces would thereby be at least partially insulated
from the steam condensation phenomenon, preventing them from experiencing the full energy
of the sterilizing conditions. Therefore, control of these kinds of steam attributes, in addition to
its chemical purity, may also be important for certain Pure Steam applications. However,
because these additional attributes are use-specific, they are not mentioned in the Pure Steam
monograph.
Note that less pure “plant steam” may be used for steam sterilization of nonproduct contact
nonporous loads, for general cleaning of nonproduct contact equipment, as a nonproduct
contact heat exchange medium, and in all compatible applications involved in bulk
pharmaceutical chemical and API manufacture.
Finally, owing to the lethal properties of Pure Steam, monitoring of microbial control within a
steam system is unnecessary. Therefore, microbial analysis of the steam condensate is
unnecessary. 1S (USP35)
Sterile Monographed Waters
The following monographed waters are packaged forms of either Purified Water or Water for
Injection that have been sterilized to preserve their microbiological properties. These waters
may have specific intended uses as indicated by their names and may also have restrictions on
packaging configurations related to those uses. In general, these waters may be used in lieu of
the bulk form of water from which they were derived. However, the user should take into
consideration that the packaging and sterilization processes used for the articles may leach
materials from the packaging material into the water over its shelf life, rendering it less pure
than the original water placed into the package. It is the user's responsibility to ensure fitness
for use of this article when used in manufacturing, clinical, or analytical applications where the
purer bulk form of the water is indicated. sterile packaged waters may be used in a variety of
applications in lieu of the bulk forms of water from which they were derived. However, there is
a marked contrast between the quality tests and purities for these bulk versus sterile packaged
waters. These quality tests and specifications for sterile packaged waters have diverged from
those of bulk waters to accommodate a wide variety of packaging types, properties, volumes,
and uses. As a result, the inorganic and organic impurity specifications and levels of the bulk
and sterile packaged forms of water are not equivalent as their name similarities imply. The
packaging materials and elastomeric closures are the primary sources of these impurities which
tend to increase over these packaged articles' shelf lives. Therefore, due consideration must be
given to the chemical purity suitability at the time of use of the sterile packaged forms of water
when used in manufacturing, analytical, and cleaning applications in lieu of the bulk waters from
which these waters were derived. It is the user's responsibility to ensure fitness for use of
these sterile packaged waters in these applications. Nevertheless, for the applications
discussed below for each sterile packaged water, their respective purities and packaging
restrictions generally render them suitable by definition. 1S (USP35)
Sterile Purified Water—Sterile Purified Water (see the USP monograph) is Purified Water,
packaged and rendered sterile. It is used in the preparation of nonparenteral compendial dosage
forms or in analytical applications requiring Purified Water where access to a validated Purified
Water system is not practical, where only a relatively small quantity is needed, where Sterile
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Purified Water is required, or where bulk packaged Purified Water is not suitably
microbiologically controlled.
Sterile Water for Injection—Sterile Water for Injection (see the USP monograph) is Water for
Injection packaged and rendered sterile. It is used for extemporaneous prescription
compounding and as a sterile diluent for parenteral products. It may also be used for other
applications where bulk Water for Injection or Purified Water is indicated but where access to a
validated water system is either not practical or where only a relatively small quantity is
needed. Sterile Water for Injection is packaged in single-dose containers not larger than 1 L in
size.
Bacteriostatic Water for Injection—Bacteriostatic Water for Injection (see the USP
monograph) is sterile Water for Injection to which has been added one or more suitable
antimicrobial preservatives. It is intended to be used as a diluent in the preparation of
parenteral products, most typically for multi-dose products that require repeated content
withdrawals. It may be packaged in single-dose or multiple-dose containers not larger than 30
mL.
Sterile Water for Irrigation—Sterile Water for Irrigation (see the USP monograph) is Water for
Injection packaged and sterilized in single-dose containers larger than 1 L in size that allows
rapid delivery of its contents. It need not meet the requirement under small-volume injections
in the general test chapter Particulate Matter in Injections 788 . It may also be used in
other applications which do not have particulate matter specifications, where bulk Water for
Injection or Purified Water is indicated but where access to a validated water system is not
practical, or where somewhat larger quantities than are provided as Sterile Water for Injection
are needed.
Sterile Water for Inhalation—Sterile Water for Inhalation (see the USP monograph) is Water
for Injection that is packaged and rendered sterile and is intended for use in inhalators and in
the preparation of inhalation solutions. It carries a less stringent specification for bacterial
endotoxins than Sterile Water for Injection and therefore is not suitable for parenteral
applications.
Nonmonographed Manufacturing Waters
In addition to the bulk monographed waters described above, nonmonographed waters can also
be used in pharmaceutical processing steps such as cleaning, synthetic steps, or a starting
material for further purification. The following is a description of several of these
nonmonographed waters as cited in various locations within this compendia.
Drinking Water—This type of water can be referred to as Potable Water (meaning drinkable or
fit to drink), National Primary Drinking Water, Primary Drinking Water, or National Drinking Water.
Except where a singular drinking water specification is stated (such as the NPDWR [U.S. EPA's
National Primary Drinking Water Regulations as cited in 40 CFR Part 141]), this water must
comply with the quality attributes of either the NPDWR, or the drinking water regulations of the
EU or Japan, or the WHO Drinking Water Guidelines. It may be derived from a variety of sources
including a public water utility, a private water supply (e.g., a well), or a combination of these
sources. Drinking Water may be used in the early stages of cleaning pharmaceutical
manufacturing equipment and product-contact components. Drinking Water is also the minimum
quality of water that should be used for the preparation of official substances and other bulk
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pharmaceutical ingredients. Where compatible with the processes, the allowed contaminant
levels in Drinking Water are generally considered safe for use for official substances and other
drug substances. Where required by the processing of the materials to achieve their required
final purity, higher qualities of water may be needed for these manufacturing steps, perhaps
even as pure as Water for Injection or Purified Water. Such higher purity waters, however,
might require only selected attributes to be of higher purity than Drinking Water (see Figure 2).
Drinking Water is the prescribed source or feed water for the production of bulk monographed
pharmaceutical waters. The use of Drinking Water specifications establishes a reasonable set of
maximum allowable levels of chemical and microbiological contaminants with which a water
purification system will be challenged. As seasonal variations in the quality attributes of the
Drinking Water supply can occur, due consideration to its synthetic and cleaning uses must be
given. The processing steps in the production of pharmaceutical waters must be designed to
accommodate this variability.

Figure 2. Selection of water for pharmaceutical purposes.
Hot Purified Water—This water is used in the preparation instructions for USP–NF articles and
is clearly intended to be Purified Water that has been heated to an unspecified temperature in
order to enhance solubilization of other ingredients. There is no upper temperature limit for the
water (other than being less than 100 ), but for each monograph there is an implied lower limit
below which the desired solubilization effect would not occur.
Nonmonographed Analytical Waters
Both General Notices and Requirements and the introductory section to Reagents, Indicators,
and Solutions clearly state that where the term “water,” without qualification or other
specification, is indicated for use in analyses, the quality of water shall be Purified Water.
However, numerous such qualifications do exist. Some of these qualifications involve methods
of preparation, ranging from specifying the primary purification step to specifying additional
purification. Other qualifications call for specific attributes to be met that might otherwise
interfere with analytical processes. In most of these latter cases, the required attribute is not
specifically tested. Rather, a further “purification process” is specified that ostensibly allows
the water to adequately meet this required attribute.
However, preparation instructions for many reagents were carried forward from the innovator's
laboratories to the originally introduced monograph for a particular USP–NF article or general
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test chapter. The quality of the reagent water described in these tests may reflect the water
quality designation of the innovator's laboratory. These specific water designations may have
originated without the innovator's awareness of the requirement for Purified Water in USP–NF
tests. Regardless of the original reason for the creation of these numerous special analytical
waters, it is possible that the attributes of these special waters could now be met by the basic
preparation steps and current specifications of Purified Water. In some cases, however, some
of the cited post-processing steps are still necessary to reliably achieve the required
attributes.
Users are not obligated to employ specific and perhaps archaically generated forms of analytical
water where alternatives with equal or better quality, availability, or analytical performance
may exist. The consistency and reliability for producing these alternative analytical waters
should be verified as producing the desired attributes. In addition, any alternative analytical
water must be evaluated on an application-by-application basis by the user to ensure its
suitability. Following is a summary of the various types of nonmonographed analytical waters
that are cited in the USP–NF.
Distilled Water—This water is produced by vaporizing liquid water and condensing it in a purer
state. It is used primarily as a solvent for reagent preparation, but it is also specified in the
execution of other aspects of tests, such as for rinsing an analyte, transferring a test material
as a slurry, as a calibration standard or analytical blank, and for test apparatus cleaning. It is
also cited as the starting water to be used for making High-Purity Water. Because none of the
cited uses of this water imply a need for a particular purity attribute that can only be derived
by distillation, water meeting the requirements for Purified Water derived by other means of
purification could be equally suitable where Distilled Water is specified.
Freshly Distilled Water—Also called “recently distilled water”, it is produced in a similar
fashion to Distilled Water and should be used shortly after its generation. This implies the need
to avoid endotoxin contamination as well as any other adventitious forms of contamination from
the air or containers that could arise with prolonged storage. It is used for preparing solutions
for subcutaneous test animal injections as well as for a reagent solvent in tests for which there
appears to be no particularly high water purity needed that could be ascribable to being
“freshly distilled”. In the test animal use, the term “freshly distilled” and its testing use imply a
chemical, endotoxin, and microbiological purity that could be equally satisfied by Water for
Injection (though no reference is made to these chemical, endotoxin, or microbial attributes or
specific protection from recontamination). For nonanimal uses, water meeting the requirements
for Purified Water derived by other means of purification and/or storage periods could be
equally suitable where “recently distilled water” or Freshly Distilled Water is specified.
Deionized Water—This water is produced by an ion-exchange process in which the
contaminating ions are replaced with either H+ or OH– ions. Similarly to Distilled Water,
Deionized Water is used primarily as a solvent for reagent preparation, but it is also specified in
the execution of other aspects of tests, such as for transferring an analyte within a test
procedure, as a calibration standard or analytical blank, and for test apparatus cleaning. Also,
none of the cited uses of this water imply any needed purity attribute that can only be
achieved by deionization. Therefore, water meeting the requirements for Purified Water that is
derived by other means of purification could be equally suitable where Deionized Water is
specified.
Freshly Deionized Water—This water is prepared in a similar fashion to Deionized Water,
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though as the name suggests, it is to be used shortly after its production. This implies the need
to avoid any adventitious contamination that could occur upon storage. This water is indicated
for use as a reagent solvent as well as for cleaning. Due to the nature of the testing, Purified
Water could be a reasonable alternative for these applications.
Deionized Distilled Water—This water is produced by deionizing (see Deionized Water)
Distilled Water. This water is used as a reagent in a liquid chromatography test that requires a
high purity. Because of the importance of this high purity, water that barely meets the
requirements for Purified Water may not be acceptable. High-Purity Water (see below) could be
a reasonable alternative for this water.
Filtered Distilled or Deionized Water—This water is essentially Purified Water produced by
distillation or deionization that has been filtered through a 1.2-µm rated membrane. This water
is used in particulate matter testing where the presence of particles in the water could bias the
test results (see Particulate Matter in Injections 788 ). Because the chemical water purity
needed for this test could also be afforded by water purification processes other than
distillation or deionization, filtered water meeting the requirements for Purified Water but
produced by means other than distillation or deionization could be equally suitable.
1S (USP35)

Filtered Water—This water is Purified Water that has been filtered to remove particles that
could interfere with the analysis where the water is used. Where used for preparing samples for
particulate matter testing (see Particulate Matter in Injections 788 ), though unspecified in
monographs, water filtration should be through a 1.2-µm filter to be consistent with the general
test chapter. Where used as a chromatography reagent, monograph-specified filter ratings
range from 0.5 µm to unspecified. this water is specified. It is sometimes used synonymously
with Particle-Free Water and Ultra-Filtered Water and is cited in some monographs and general
chapters as well as in Reagents. Depending on its location, it is variously defined as water that
has been passed through filters rated as 1.2-µm, 0.22-µm, or 0.2-µm; or unspecified pore size.
Even though the water names and the filter pore sizes used to produce these waters are
inconsistently defined, the use of 0.2-µm pore size filtered Purified Water should be universally
acceptable for all applications where Particle-Free Water, Filtered Water, or Ultra-Filtered
Water are specified. 1S (USP35)
High High-

1S (USP35)

Purity Water—The preparation of this water is defined in Containers—Glass 660 . It is water
that is may be 1S (USP35)
prepared by deionizing previously distilled water, and then filtering it through a 0.45-µm rated
membrane. This water must have an in-line conductivity of not greater than 0.15 µS/cm (6.67
Megohm-cm) at 25 . For the sake of purity comparison, the analogous Stage 1 and 2
conductivity requirements for Purified Water at the same temperature are 1.3 µS/cm and 2.1
µS/cm, respectively. The preparation specified in Containers—Glass 660 uses materials that
are highly efficient deionizers and that do not contribute copper ions or organics to the water,
assuring a very high quality water. If the water of this purity contacts the atmosphere even
briefly as it is being used or drawn from its purification system, its conductivity will immediately
degrade, by as much as about 1.0 µS/cm, as atmospheric carbon dioxide dissolves in the water
and equilibrates to bicarbonate ions. Therefore, if the analytical use requires that water purity
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remains as high as possible, its use should be protected from atmospheric exposure. This water
is used as a reagent, as a solvent for reagent preparation, and for test apparatus cleaning
where less pure waters would not perform acceptably. However, if a user's routinely available
purified water is filtered and meets or exceeds the conductivity specifications of High Purity
Water, it could be used in lieu of High Purity Water. Purified Water is filtered and meets or
exceeds the conductivity specifications of High-Purity Water, it could be used in lieu of HighPurity Water. 1S (USP35)
Ammonia-Free Water—Functionally, this water must have a negligible ammonia concentration
to avoid interference in tests sensitive to ammonia. It has been equated with High-Purity Water
that has a significantly tighter Stage 1 conductivity specification than Purified Water because
of the latter's allowance for a minimal level of ammonium among other ions. However, if the
user's Purified Water were filtered and met or exceeded the conductivity specifications of HighPurity Water, it would contain negligible ammonia or other ions and could be used in lieu of
High-Purity Water.
Carbon Dioxide-Free Water—The introductory portion of the Reagents, Indicators, and
Solutions section defines this water as Purified Water that has been vigorously boiled for at
least 5 minutes, then cooled and protected from absorption of atmospheric carbon dioxide.
Because the absorption of carbon dioxide tends to drive down the water pH, most of the uses
of Carbon Dioxide-Free Water are either associated as a solvent in pH-related or pH-sensitive
determinations or as a solvent in carbonate-sensitive reagents or determinations. Another use
of this water is for certain optical rotation and color and clarity of solution tests. Though it is
possible that this water is indicated for these tests simply because of its purity, it is also
possible that the pH effects of carbon dioxide-containing water could interfere with the results
of these tests. A third plausible reason that this water is indicated is that outgassing air
bubbles might interfere with these photometric-type tests. The boiled water preparation
approach will also greatly reduce the concentrations of many other dissolved gases along with
carbon dioxide. Therefore, in some of the applications for Carbon Dioxide-Free Water, it could
be the inadvertent deaeration effect that actually renders this water suitable. In addition to
boiling, deionization is perhaps an even more efficient process for removing dissolved carbon
dioxide (by drawing the dissolved gas equilibrium toward the ionized state with subsequent
removal by the ion-exchange resins). If the starting Purified Water is prepared by an efficient
deionization process and protected after deionization from exposure to atmospheric air, water
that is carbon dioxide-free can be effectively made without the application of heat. However,
this deionization process does not deaerate the water, so if Purified Water prepared by
deionization is considered as a substitute water in a test requiring Carbon Dioxide-Free Water,
the user must verify that it is not actually water akin to Deaerated Water (discussed below)
that is needed for the test. As indicated in High-Purity Water, even brief contact with the
atmosphere can allow small amounts of carbon dioxide to dissolve, ionize, and significantly
degrade the conductivity and lower the pH. If the analytical use requires the water to remain
as pH-neutral and as carbon dioxide-free as possible, even the analysis should be protected
from atmospheric exposure. However, in most applications, atmospheric exposure during testing
does not significantly affect its suitability in the test.
Ammonia- and Carbon Dioxide-Free Water—As implied by the name, this water should be
prepared by approaches compatible with those mentioned for both Ammonia-Free Water and
Carbon Dioxide-Free Water. Because the carbon dioxide-free attribute requires post-production
protection from the atmosphere, it is appropriate to first render the water ammonia-free using
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the High-Purity Water process followed by the boiling and carbon dioxide-protected cooling
process. The High-Purity Water deionization process for creating Ammonia-Free Water will also
remove the ions generated from dissolved carbon dioxide and ultimately, by forced equilibration
to the ionized state, all the dissolved carbon dioxide. Therefore, depending on its use, an
acceptable procedure for making Ammonia- and Carbon Dioxide-Free Water could be to transfer
and collect High-Purity Water in a carbon dioxide intrusion-protected container.
Deaerated Water—This water is Purified Water that has been treated to reduce the content
of dissolved air by “suitable means”. In the Reagents section, approaches for boiling, cooling
(similar to Carbon Dioxide-Free Water but without the atmospheric carbon dioxide protection),
and sonication are given as applicable for test uses other than dissolution and drug release
testing. Though Deaerated Water is not mentioned by name in Dissolution

711 , suggested

methods for deaerating dissolution media (which may be water) include warming to 41 ,
vacuum filtering through a 0.45-µm rated membrane, and vigorously stirring the filtrate while
maintaining the vacuum. This chapter specifically indicates that other validated approaches
may be used. In other monographs that also do not mention Deaerated Water by name,
degassing of water and other reagents is accomplished by sparging with helium. Deaerated
Water is used in both dissolution testing as well as liquid chromatography applications where
outgassing could either interfere with the analysis itself or cause erroneous results due to
inaccurate volumetric withdrawals. Applications where ambient temperature water is used for
reagent preparation, but the tests are performed at elevated temperatures, are candidates for
outgassing effects. If outgassing could interfere with test performance, including
chromatographic flow, colorimetric or photometric measurements, or volumetric accuracy, then
Deaerated Water should probably be used, whether called for in the analysis or not. The above
deaeration approaches might not render the water “gas-free”. At best, they reduce the
dissolved gas concentrations so that outgassing caused by temperature changes is not likely.
Recently Boiled Water—This water may include recently or freshly boiled water (with or
without mention of cooling in the title), but cooling prior to use is clearly intended. Occasionally
it is necessary to use when hot. Recently Boiled Water is specified because it is used in a pHrelated test or carbonate-sensitive reagent, in an oxygen-sensitive test or reagent, or in a test
where outgassing could interfere with the analysis, such as specific gravity or an appearance
test.
Oxygen-Free Water—The preparation of this water is not specifically described in the
compendia. Neither is there an oxygen specification or analysis mentioned. However, all uses
involve analyses of materials that could be sensitive to oxidation by atmospheric oxygen.
Procedures for the removal of dissolved oxygen from solvents, though not necessarily water,
are mentioned in Polarography 801 and Spectrophotometry and Light-Scattering 851 .
These procedures involve simple sparging of the liquid with an inert gas such as nitrogen or
helium, followed by inert gas blanketing to prevent oxygen reabsorption. The sparging times
cited range from 5 to 15 minutes to an unspecified period. Some Purified Water and Water for
Injection systems produce water that is maintained in a hot state and that is inert gas
blanketed during its preparation and storage and distribution. Though oxygen is poorly soluble in
hot water, such water may not be oxygen-free. Whatever procedure used for removing oxygen
should be verified as reliably producing water that is fit for use.
LAL Reagent Water—This water is also referred to as endotoxin-free water. This is usually
Water for Injection, which may have been sterilized. It is free from a level of endotoxin that
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would yield any detectable reaction or interference with the Limulus amebocyte lysate reagent
used in the Bacterial Endotoxins Test

85 .

Organic-Free Water—This water is defined by Residual Solvents 467 as producing no
significantly interfering gas chromatography peaks. Referenced monographs specify using this
water as the solvent for the preparation of standard and test solutions for the Residual
solvents test.
Lead-Free Water—This water is used as a transferring diluent for an analyte in a Lead 251
test. Though no specific instructions are given for its preparation, it must not contain any
detectable lead. Purified Water should be a suitable substitute for this water.
Chloride-Free Water—This water is specified as the solvent for use in an assay that contains
a reactant that precipitates in the presence of chloride. Though no specific preparation
instructions are given for this water, its rather obvious attribute is having a very low chloride
level in order to be unreactive with this chloride sensitive reactant. Purified Water could be
used for this water but should be tested to ensure that it is unreactive.
Hot Water—The uses of this water include solvents for achieving or enhancing reagent
solubilization, restoring the original volume of boiled or hot solutions, rinsing insoluble analytes
free of hot water soluble impurities, solvents for reagent recrystallization, apparatus cleaning,
and as a solubility attribute for various USP–NF articles. In only one monograph is the
temperature of “hot” water specified; so in all the other cases, the water temperature is less
important, but should be high enough to achieve the desirable effect. In all cases, the chemical
quality of the water is implied to be that of Purified Water.
VALIDATION AND QUALIFICATION OF WATER PURIFICATION, STORAGE, AND
DISTRIBUTION SYSTEMS
Establishing the dependability of pharmaceutical water purification, storage, and distribution
systems requires an appropriate period of monitoring and observation. Ordinarily, few problems
are encountered in maintaining the chemical purity of Purified Water and Water for Injection.
Nevertheless, the advent of using conductivity and TOC to define chemical purity has allowed
the user to more quantitatively assess the water's chemical purity and its variability as a
function of routine pretreatment system maintenance and regeneration. Even the presence of
such unit operations as heat exchangers and use point hoses can compromise the chemical
quality of water within and delivered from an otherwise well-controlled water system.
Therefore, an assessment of the consistency of the water's chemical purity over time must be
part of the validation program. However, even with the most well controlled chemical quality, it
is often more difficult to consistently meet established microbiological quality criteria owing to
phenomena occurring during and after chemical purification. A typical program involves
intensive daily sampling and testing of major process points for at least one month after
operational criteria have been established for each unit operation, point of use, and sampling
point.
An overlooked aspect of water system validation is the delivery of the water to its actual
location of use. If this transfer process from the distribution system outlets to the water use
locations (usually with hoses) is defined as outside the water system, then this transfer
process still needs to be validated to not adversely affect the quality of the water to the
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extent it becomes unfit for use. Because routine microbial monitoring is performed for the same
transfer process and components (e.g., hoses and heat exchangers) as that of routine water
use (see Sampling Considerations), there is some logic to include this water transfer process
within the distribution system validation.
Validation is the process whereby substantiation to a high level of assurance that a specific
process will consistently produce a product conforming to an established set of quality
attributes is acquired and documented. Prior to and during the very early stages of validation,
the critical process parameters and their operating ranges are established. A validation program
qualifies and documents the design, installation, operation, and performance of equipment. It
begins when the system is defined and moves through several stages: installation qualification
(IQ), operational qualification (OQ), and performance qualification (PQ). A graphical
representation of a typical water system validation life cycle is shown in Figure 3.

Fig. 3. Water system validation life cycle.
A validation plan for a water system typically includes the following steps: (1) establishing
standards for quality attributes of the finished water and the source water; (2) defining
suitable unit operations and their operating parameters for achieving the desired finished water
quality attributes from the available source water; (3) selecting piping, equipment, controls,
and monitoring technologies; (4) developing an IQ stage consisting of instrument calibrations,
inspections to verify that the drawings accurately depict the final configuration of the water
system and, where necessary, special tests to verify that the installation meets the design
requirements; (5) developing an OQ stage consisting of tests and inspections to verify that the
equipment, system alerts, and controls are operating reliably and that appropriate alert and
action levels are established (This phase of qualification may overlap with aspects of the next
step.); and (6) developing a prospective PQ stage to confirm the appropriateness of critical
process parameter operating ranges (During this phase of validation, alert and action levels for
key quality attributes and operating parameters are verified.); (7) assuring the adequacy of
ongoing control procedures, e.g., sanitization frequency; (8) supplementing a validation
maintenance program (also called continuous validation life cycle) that includes a mechanism to
control changes to the water system and establishes and carries out scheduled preventive
maintenance including recalibration of instruments (In addition, validation maintenance includes
a monitoring program for critical process parameters and a corrective action program.); (9)
instituting a schedule for periodic review of the system performance and requalification, and
(10) completing protocols and documenting Steps 1 through 9.
PURIFIED WATER AND WATER FOR INJECTION SYSTEMS
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The design, installation, and operation of systems to produce Purified Water and Water for
Injection include similar components, control techniques, and procedures. The quality attributes
of both waters differ only in the presence of a bacterial endotoxin requirement for Water for
Injection and in their methods of preparation, at least at the last stage of preparation. The
similarities in the quality attributes provide considerable common ground in the design of water
systems to meet either requirement. The critical difference is the degree of control of the
system and the final purification steps needed to ensure bacterial and bacterial endotoxin
removal.
Production of pharmaceutical water employs sequential unit operations (processing steps) that
address specific water quality attributes and protect the operation of subsequent treatment
steps. A typical evaluation process to select an appropriate water quality for a particular
pharmaceutical purpose is shown in the decision tree in Figure 2. This diagram may be used to
assist in defining requirements for specific water uses and in the selection of unit operations.
The final unit operation used to produce Water for Injection is limited to distillation or other
processes equivalent or superior to distillation in the removal of chemical impurities as well as
microorganisms and their components. Distillation has a long history of reliable performance and
can be validated as a unit operation for the production of Water for Injection, but other
technologies or combinations of technologies can be validated as being equivalently effective.
Other technologies, such as ultrafiltration following other chemical purification process, may be
suitable in the production of Water for Injection if they can be shown through validation to be
as effective and reliable as distillation. The advent of new materials for older technologies, such
as reverse osmosis and ultrafiltration, that allow intermittent or continuous operation at
elevated, microbial temperatures, show promise for a valid use in producing Water for Injection.
The validation plan should be designed to establish the suitability of the system and to provide
a thorough understanding of the purification mechanism, range of operating conditions, required
pretreatment, and the most likely modes of failure. It is also necessary to demonstrate the
effectiveness of the monitoring scheme and to establish the documentation and qualification
requirements for the system's validation maintenance. Trials conducted in a pilot installation
can be valuable in defining the operating parameters and the expected water quality and in
identifying failure modes. However, qualification of the specific unit operation can only be
performed as part of the validation of the installed operational system. The selection of specific
unit operations and design characteristics for a water system should take into account the
quality of the feed water, the technology chosen for subsequent processing steps, the extent
and complexity of the water distribution system, and the appropriate compendial requirements.
For example, in the design of a system for Water for Injection, the final process (distillation or
whatever other validated process is used according to the monograph) must have effective
bacterial endotoxin reduction capability and must be validated.
UNIT OPERATIONS CONCERNS
The following is a brief description of selected unit operations and the operation and validation
concerns associated with them. Not all unit operations are discussed, nor are all potential
problems addressed. The purpose is to highlight issues that focus on the design, installation,
operation, maintenance, and monitoring parameters that facilitate water system validation.
Prefiltration
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The purpose of prefiltration—also referred to as initial, coarse, or depth filtration—is to remove
solid contaminants down to a size of 7 to 10 µm from the incoming source water supply and
protect downstream system components from particulates that can inhibit equipment
performance and shorten their effective life. This coarse filtration technology utilizes primarily
sieving effects for particle capture and a depth of filtration medium that has a high “dirt load”
capacity. Such filtration units are available in a wide range of designs and for various
applications. Removal efficiencies and capacities differ significantly, from granular bed filters
such as multimedia or sand for larger water systems, to depth cartridges for smaller water
systems. Unit and system configurations vary widely in type of filtering media and location in
the process. Granular or cartridge prefilters are often situated at or near the head of the water
pretreatment system prior to unit operations designed to remove the source water
disinfectants. This location, however, does not preclude the need for periodic microbial control
because biofilm can still proliferate, although at a slower rate in the presence of source water
disinfectants. Design and operational issues that may impact performance of depth filters
include channeling of the filtering media, blockage from silt, microbial growth, and filteringmedia loss during improper backwashing. Control measures involve pressure and flow monitoring
during use and backwashing, sanitizing, and replacing filtering media. An important design
concern is sizing of the filter to prevent channeling or media loss resulting from inappropriate
water flow rates as well as proper sizing to minimize excessively frequent or infrequent
backwashing or cartridge filter replacement.
Activated Carbon
Granular activated carbon beds adsorb low molecular weight organic material and oxidizing
additives, such as chlorine and chloramine compounds, removing them from the water. They are
used to achieve certain quality attributes and to protect against reaction with downstream
stainless steel surfaces, resins, and membranes. The chief operating concerns regarding
activated carbon beds include the propensity to support bacteria growth, the potential for
hydraulic channeling, the organic adsorption capacity, appropriate water flow rates and
contact time, the inability to be regenerated in situ, and the shedding of bacteria, endotoxins,
organic chemicals, and fine carbon particles. Control measures may involve monitoring water
flow rates and differential pressures, sanitizing with hot water or steam, backwashing, testing
for adsorption capacity, and frequent replacement of the carbon bed. If the activated carbon
bed is intended for organic reduction, it may also be appropriate to monitor influent and effluent
TOC. It is important to note that the use of steam for carbon bed sanitization is often
incompletely effective due to steam channeling rather than even permeation through the bed.
This phenomenon can usually be avoided by using hot water sanitization. It is also important to
note that microbial biofilm development on the surface of the granular carbon particles (as well
as on other particles such as found in deionizer beds and even multimedia beds) can cause
adjacent bed granules to “stick” together. When large masses of granules are agglomerated in
this fashion, normal backwashing and bed fluidization flow parameters may not be sufficient to
disperse them, leading to ineffective removal of trapped debris, loose biofilm, and penetration of
microbial controlling conditions (as well as regenerant chemicals as in the case of agglomerated
deionizer resins). Alternative technologies to activated carbon beds can be used in order to
avoid their microbial problems, such as disinfectant-neutralizing chemical additives and
regenerable organic scavenging devices. However, these alternatives do not function by the
same mechanisms as activated carbon, may not be as effective at removing disinfectants and
some organics, and have a different set of operating concerns and control measures that may
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be nearly as troublesome as activated carbon beds.
Additives
Chemical additives are used in water systems (a) to control microorganisms by use of sanitants
such as chlorine compounds and ozone, (b) to enhance the removal of suspended solids by use
of flocculating agents, (c) to remove chlorine compounds, (d) to avoid scaling on reverse
osmosis membranes, and (e) to adjust pH for more effective removal of carbonate and ammonia
compounds by reverse osmosis. These additives do not constitute “added substances” as long
as they are either removed by subsequent processing steps or are otherwise absent from the
finished water. Control of additives to ensure a continuously effective concentration and
subsequent monitoring to ensure their removal should be designed into the system and included
in the monitoring program.
Organic Scavengers
Organic scavenging devices use macroreticular weakly basic anion-exchange resins capable of
removing organic material and endotoxins from the water. They can be regenerated with
appropriate biocidal caustic brine solutions. Operating concerns are associated with organic
scavenging capacity, particulate, chemical and microbiological fouling of the reactive resin
surface, flow rate, regeneration frequency, and shedding of resin fragments. Control measures
include TOC testing of influent and effluent, backwashing, monitoring hydraulic performance,
and using downstream filters to remove resin fines.
Softeners
Water softeners may be located either upstream or downstream of disinfectant removal units.
They utilize sodium-based cation-exchange resins to remove water-hardness ions, such as
calcium and magnesium, that could foul or interfere with the performance of downstream
processing equipment such as reverse osmosis membranes, deionization devices, and distillation
units. Water softeners can also be used to remove other lower affinity cations, such as the
ammonium ion, that may be released from chloramine disinfectants commonly used in drinking
water and which might otherwise carryover through other downstream unit operations. If
ammonium removal is one of its purposes, the softener must be located downstream of the
disinfectant removal operation, which itself may liberate ammonium from neutralized chloramine
disinfectants. Water softener resin beds are regenerated with concentrated sodium chloride
solution (brine). Concerns include microorganism proliferation, channeling caused by biofilm
agglomeration of resin particles, appropriate water flow rates and contact time, ion-exchange
capacity, organic and particulate resin fouling, organic leaching from new resins, fracture of the
resin beads, resin degradation by excessively chlorinated water, and contamination from the
brine solution used for regeneration. Control measures involve recirculation of water during
periods of low water use, periodic sanitization of the resin and brine system, use of microbial
control devices (e.g., UV light and chlorine), locating the unit upstream of the disinfectant
removal step (if used only for softening), appropriate regeneration frequency, effluent chemical
monitoring (e.g., hardness ions and possibly ammonium), and downstream filtration to remove
resin fines. If a softener is used for ammonium removal from chloramine-containing source
water, then capacity, contact time, resin surface fouling, pH, and regeneration frequency are
very important.
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Deionization
Deionization (DI), and continuous electrodeionization (CEDI) are effective methods of improving
the chemical quality attributes of water by removing cations and anions. DI systems have
charged resins that require periodic regeneration with an acid and base. Typically, cationic
resins are regenerated with either hydrochloric or sulfuric acid, which replace the captured
positive ions with hydrogen ions. Anionic resins are regenerated with sodium or potassium
hydroxide, which replace captured negative ions with hydroxide ions. Because free endotoxin is
negatively charged, there is some removal of endotoxin achieved by the anionic resin. Both
regenerant chemicals are biocidal and offer a measure of microbial control. The system can be
designed so that the cation and anion resins are in separate or “twin” beds or they can be
mixed together to form a mixed bed. Twin beds are easily regenerated but deionize water less
efficiently than mixed beds, which have a considerably more complex regeneration process.
Rechargeable resin canisters can also be used for this purpose.
The CEDI system uses a combination of mixed resin, selectively permeable membranes, and an
electric charge, providing continuous flow (product and waste concentrate) and continuous
regeneration. Water enters both the resin section and the waste (concentrate) section. As it
passes through the resin, it is deionized to become product water. The resin acts as a
conductor enabling the electrical potential to drive the captured cations and anions through
the resin and appropriate membranes for concentration and removal in the waste water stream.
The electrical potential also separates the water in the resin (product) section into hydrogen
and hydroxide ions. This permits continuous regeneration of the resin without the need for
regenerant additives. However, unlike conventional deionization, CEDI units must start with
water that is already partially purified because they generally cannot produce Purified Water
quality when starting with the heavier ion load of unpurified source water.
Concerns for all forms of deionization units include microbial and endotoxin control, chemical
additive impact on resins and membranes, and loss, degradation, and fouling of resin. Issues of
concern specific to DI units include regeneration frequency and completeness, channeling
caused by biofilm agglomeration of resin particles, organic leaching from new resins, complete
resin separation for mixed bed regeneration, and mixing air contamination (mixed beds). Control
measures vary but typically include recirculation loops, effluent microbial control by UV light,
conductivity monitoring, resin testing, microporous filtration of mixing air, microbial monitoring,
frequent regeneration to minimize and control microorganism growth, sizing the equipment for
suitable water flow and contact time, and use of elevated temperatures. Internal distributor
and regeneration piping for mixed bed units should be configured to ensure that regeneration
chemicals contact all internal bed and piping surfaces and resins. Rechargeable canisters can
be the source of contamination and should be carefully monitored. Full knowledge of previous
resin use, minimum storage time between regeneration and use, and appropriate sanitizing
procedures are critical factors ensuring proper performance.
Reverse Osmosis
Reverse osmosis (RO) units employ semipermeable membranes. The “pores” of RO membranes
are actually intersegmental spaces among the polymer molecules. They are big enough for
permeation of water molecules, but too small to permit passage of hydrated chemical ions.
However, many factors including pH, temperature, and differential pressure across the
membrane affect the selectivity of this permeation. With the proper controls, RO membranes
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can achieve chemical, microbial, and endotoxin quality improvement. The process streams
consist of supply water, product water (permeate), and wastewater (reject). Depending on
source water, pretreatment and system configuration variations and chemical additives may be
necessary to achieve desired performance and reliability.
A major factor affecting RO performance is the permeate recovery rate, that is, the amount of
the water passing through the membrane compared to the amount rejected. This is influenced
by the several factors, but most significantly by the pump pressure. Recoveries of 75% are
typical, and can accomplish a 1 to 2 log purification of most impurities. For most feed waters,
this is usually not enough to meet Purified Water conductivity specifications. A second pass of
this permeate water through another RO stage usually achieves the necessary permeate purity
if other factors such as pH and temperature have been appropriately adjusted and the ammonia
from chloraminated source water has been previously removed. Increasing recoveries with
higher pressures in order to reduce the volume of reject water will lead to reduced permeate
purity. If increased pressures are needed over time to achieve the same permeate flow, this is
an indication of partial membrane blockage that needs to be corrected before it becomes
irreversibly fouled, and expensive membrane replacement is the only option.
Other concerns associated with the design and operation of RO units include membrane
materials that are extremely sensitive to sanitizing agents and to particulate, chemical, and
microbial membrane fouling; membrane and seal integrity; the passage of dissolved gases, such
as carbon dioxide and ammonia; and the volume of wastewater, particularly where water
discharge is tightly regulated by local authorities. Failure of membrane or seal integrity will
result in product water contamination. Methods of control involve suitable pretreatment of the
influent water stream, appropriate membrane material selection, integrity challenges, membrane
design and heat tolerance, periodic sanitization, and monitoring of differential pressures,
conductivity, microbial levels, and TOC.
The development of RO units that can tolerate sanitizing water temperatures as well as operate
efficiently and continuously at elevated temperatures has added greatly to their microbial
control and to the avoidance of biofouling. RO units can be used alone or in combination with DI
and CEDI units as well as ultrafiltration for operational and quality enhancements.
Ultrafiltration
Ultrafiltration is a technology most often employed in pharmaceutical water systems for
removing endotoxins from a water stream. It can also use semipermeable membranes, but unlike
RO, these typically use polysulfone membranes whose intersegmental “pores” have been
purposefully exaggerated during their manufacture by preventing the polymer molecules from
reaching their smaller equilibrium proximities to each other. Depending on the level of equilibrium
control during their fabrication, membranes with differing molecular weight “cutoffs” can be
created such that molecules with molecular weights above these cutoffs ratings are rejected
and cannot penetrate the filtration matrix.
Ceramic ultrafilters are another molecular sieving technology. Ceramic ultrafilters are self
supporting and extremely durable, backwashable, chemically cleanable, and steam sterilizable.
However, they may require higher operating pressures than membrane type ultrafilters.
All ultrafiltration devices work primarily by a molecular sieving principle. Ultrafilters with
molecular weight cutoff ratings in the range of 10,000 to 20,000 Da are typically used in water
systems for removing endotoxins. This technology may be appropriate as an intermediate or
final purification step. Similar to RO, successful performance is dependent upon pretreatment of
the water by upstream unit operations.
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Issues of concern for ultrafilters include compatibility of membrane material with heat and
sanitizing agents, membrane integrity, fouling by particles and microorganisms, and seal
integrity. Control measures involve filtration medium selection, sanitization, flow design (dead
end vs. tangential), integrity challenges, regular cartridge changes, elevated feed water
temperature, and monitoring TOC and differential pressure. Additional flexibility in operation is
possible based on the way ultrafiltration units are arranged such as in a parallel or series
configurations. Care should be taken to avoid stagnant water conditions that could promote
microorganism growth in back-up or standby units.
Charge-Modified Filtration
Charge-modified filters are usually microbially retentive filters that are treated during their
manufacture to have a positive charge on their surfaces. Microbial retentive filtration will be
described in a subsequent section, but the significant feature of these membranes is their
electrostatic surface charge. Such charged filters can reduce endotoxin levels in the fluids
passing through them by their adsorption (owing to endotoxin's negative charge) onto the
membrane surfaces. Though ultrafilters are more often employed as a unit operation for
endotoxin removal in water systems, charge-modified filters may also have a place in endotoxin
removal particularly where available upstream pressures are not sufficient for ultrafiltration and
for a single, relatively short term use. Charge-modified filters may be difficult to validate for
long-term or large-volume endotoxin retention. Even though their purified standard endotoxin
retention can be well characterized, their retention capacity for “natural” endotoxins is difficult
to gauge. Nevertheless, utility could be demonstrated and validated as short-term, single-use
filters at points of use in water systems that are not designed for endotoxin control or where
only an endotoxin “polishing” (removal of only slight or occasional endotoxin levels) is needed.
Control and validation concerns include volume and duration of use, flow rate, water
conductivity and purity, and constancy and concentration of endotoxin levels being removed.
All of these factors may have to be evaluated and challenged prior to using this approach,
making this a difficult-to-validate application. Even so, there may still be a possible need for
additional backup endotoxin testing both upstream and downstream of the filter.
Microbial-Retentive Filtration
Microbial-retentive membrane filters have experienced an evolution of understanding in the past
decade that has caused previously held theoretical retention mechanisms to be reconsidered.
These filters have a larger effective “pore size” than ultrafilters and are intended to prevent
the passage of microorganisms and similarly sized particles without unduly restricting flow. This
type of filtration is widely employed within water systems for filtering the bacteria out of both
water and compressed gases as well as for vent filters on tanks and stills and other unit
operations. However, the properties of the water system microorganisms seem to challenge a
filter's microbial retention from water with phenomena absent from other aseptic filtration
applications, such as filter sterilizing of pharmaceutical formulations prior to packaging. In the
latter application, sterilizing grade filters are generally considered to have an assigned rating of
0.2 or 0.22 µm. This rather arbitrary rating is associated with filters that have the ability to
retain a high level challenge of a specially prepared inoculum of Brevundimonas (formerly
Pseudomonas) diminuta. This is a small microorganism originally isolated decades ago from a
product that had been “filter sterilized” using a 0.45-µm rated filter. Further study revealed
that a percentage of cells of this microorganism could reproducibly penetrate the 0.45-µm
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sterilizing filters. Through historic correlation of B. diminuta retaining tighter filters, thought to
be twice as good as 0.45-µm filter, assigned ratings of 0.2 or 0.22 µm with their successful use
in product solution filter sterilization, both this filter rating and the associated high level B.
diminuta challenge have become the current benchmarks for sterilizing filtration. New evidence
now suggests that for microbial-retentive filters used for pharmaceutical water, B. diminuta
may not be the best model microorganism.
An archaic understanding of microbial retentive filtration would lead one to equate a filter's
rating with the false impression of a simple sieve or screen that absolutely retains particles
sized at or above the filter's rating. A current understanding of the mechanisms involved in
microbial retention and the variables that can affect those mechanisms has yielded a far more
complex interaction of phenomena than previously understood. A combination of simple sieve
retention and surface adsorption are now known to contribute to microbial retention.
The following all interact to create some unusual and surprising retention phenomena for water
system microorganisms: the variability in the range and average pore sizes created by the
various membrane fabrication processes, the variability of the surface chemistry and threedimensional structure related to the different polymers used in these filter matrices, and the
size and surface properties of the microorganism intended to be retained by the filters. B.
diminuta may not be the best challenge microorganisms for demonstrating bacterial retention
for 0.2- to 0.22-µm rated filters for use in water systems because it appears to be more easily
retained by these filters than some water system flora. The well-documented appearance of
water system microorganisms on the downstream sides of some 0.2- to 0.22-µm rated filters
after a relatively short period of use seems to support that some penetration phenomena are at
work. Unknown for certain is if this downstream appearance is caused by a “blow-through” or
some other pass-through phenomenon as a result of tiny cells or less cell “stickiness”, or by a
“growth through” phenomenon as a result of cells hypothetically replicating their way through
the pores to the downstream side. Whatever is the penetration mechanism, 0.2- to 0.22-µm
rated membranes may not be the best choice for some water system uses.
Microbial retention success in water systems has been reported with the use of some
manufacturers' filters arbitrarily rated as 0.1 µm. There is general agreement that for a given
manufacturer, their 0.1-µm rated filters are tighter than their 0.2- to 0.22-µm rated filters.
However, comparably rated filters from different manufacturers in water filtration applications
may not perform equivalently owing to the different filter fabrication processes and the
nonstandardized microbial retention challenge processes currently used for defining the 0.1-µm
filter rating. It should be noted that use of 0.1-µm rated membranes generally results in a
sacrifice in flow rate compared to 0.2- to 0.22-µm membranes, so whatever membranes are
chosen for a water system application, the user must verify that the membranes are suitable
for their intended application, use period, and use process, including flow rate.
For microbial retentive gas filtrations, the same sieving and adsorptive retention phenomena are
at work as in liquid filtration, but the adsorptive phenomenon is enhanced by additional
electrostatic interactions between particles and filter matrix. These electrostatic interactions
are so strong that particle retention for a given filter rating is significantly more efficient in gas
filtration than in water or product solution filtrations. These additional adsorptive interactions
render filters rated at 0.2 to 0.22 µm unquestionably suitable for microbial retentive gas
filtrations. When microbially retentive filters are used in these applications, the membrane
surface is typically hydrophobic (non-wettable by water). A significant area of concern for gas
filtration is blockage of tank vents by condensed water vapor, which can cause mechanical
damage to the tank. Control measures include electrical or steam tracing and a self-draining
orientation of vent filter housings to prevent accumulation of vapor condensate. However, a
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continuously high filter temperature will take an oxidative toll on polypropylene components of
the filter, so sterilization of the unit prior to initial use, and periodically thereafter, as well as
regular visual inspections, integrity tests, and changes are recommended control methods.
In water applications, microbial retentive filters may be used downstream of unit operations
that tend to release microorganisms or upstream of unit operations that are sensitive to
microorganisms. Microbial retentive filters may also be used to filter water feeding the
distribution system. It should be noted that regulatory authorities allow the use of microbial
retentive filters within distribution systems or even at use points if they have been properly
validated and are appropriately maintained. A point-of-use filter should only be intended to
“polish” the microbial quality of an otherwise well-maintained system and not to serve as the
primary microbial control device. The efficacy of system microbial control measures can only be
assessed by sampling the water upstream of the filters. As an added measure of protection, inline UV lamps, appropriately sized for the flow rate (see Sanitization), may be used just
upstream of microbial retentive filters to inactivate microorganisms prior to their capture by the
filter. This tandem approach tends to greatly delay potential microbial penetration phenomena
and can substantially extend filter service life.
Ultraviolet Light
The use of low-pressure UV lights that emit a 254-nm wavelength for microbial control is
discussed under Sanitization, but the application of UV light in chemical purification is also
emerging. This 254-nm wavelength is also useful in the destruction of ozone. With intense
emissions at wavelengths around 185 nm (as well as at 254 nm), medium pressure UV lights
have demonstrated utility in the destruction of the chlorine-containing disinfectants used in
source water as well as for interim stages of water pretreatment. High intensities of this
wavelength alone or in combination with other oxidizing sanitants, such as hydrogen peroxide,
have been used to lower TOC levels in recirculating distribution systems. The organics are
typically converted to carbon dioxide, which equilibrates to bicarbonate, and incompletely
oxidized carboxylic acids, both of which can easily be removed by polishing ion-exchange
resins. Areas of concern include adequate UV intensity and residence time, gradual loss of UV
emissivity with bulb age, gradual formation of UV-absorbing film at the water contact surface,
incomplete photodegradation during unforeseen source water hyperchlorination, release of
ammonia from chloramine photodegradation, unapparent UV bulb failure, and conductivity
degradation in distribution systems using 185-nm UV lights. Control measures include regular
inspection or emissivity alarms to detect bulb failures or film occlusions, regular UV bulb sleeve
cleaning and wiping, downstream chlorine detectors, downstream polishing deionizers, and
regular (approximately yearly) bulb replacement.
Distillation
Distillation units provide chemical and microbial purification via thermal vaporization, mist
elimination, and water vapor condensation. A variety of designs is available including single
effect, multiple effect, and vapor compression. The latter two configurations are normally used
in larger systems because of their generating capacity and efficiency. Distilled water systems
require different feed water controls than required by membrane systems. For distillation, due
consideration must be given to prior removal of hardness and silica impurities that may foul or
corrode the heat transfer surfaces as well as prior removal of those impurities that could
volatize and condense along with the water vapor. In spite of general perceptions, even the
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best distillation process cannot afford absolute removal of contaminating ions and endotoxin.
Most stills are recognized as being able to accomplish at least a 3 to 4 log reduction in these
impurity concentrations. Areas of concern include carry-over of volatile organic impurities such
as trihalomethanes (see Source and Feed Water Considerations) and gaseous impurities such
as ammonia and carbon dioxide, faulty mist elimination, evaporator flooding, inadequate
blowdown, stagnant water in condensers and evaporators, pump and compressor seal design,
pinhole evaporator and condenser leaks, and conductivity (quality) variations during start-up
and operation.
Methods of control may involve preliminary decarbonation steps to remove both dissolved
carbon dioxide and other volatile or noncondensable impurities; reliable mist elimination to
minimize feedwater droplet entrainment; visual or automated high water level indication to
detect boiler flooding and boil over; use of sanitary pumps and compressors to minimize
microbial and lubricant contamination of feedwater and condensate; proper drainage during
inactive periods to minimize microbial growth and accumulation of associated endotoxin in boiler
water; blow down control to limit the impurity concentration effect in the boiler to manageable
levels; on-line conductivity sensing with automated diversion to waste to prevent unacceptable
water upon still startup or still malfunction from getting into the finished water distribute
system; and periodic integrity testing for pinhole leaks to routinely assure condensate is not
compromised by nonvolatized source water contaminants.
Storage Tanks
Storage tanks are included in water distribution systems to optimize processing equipment
capacity. Storage also allows for routine maintenance within the pretreatment train while
maintaining continuous supply to meet manufacturing needs. Design and operation
considerations are needed to prevent or minimize the development of biofilm, to minimize
corrosion, to aid in the use of chemical sanitization of the tanks, and to safeguard mechanical
integrity. These considerations may include using closed tanks with smooth interiors, the ability
to spray the tank headspace using sprayballs on recirculating loop returns, and the use of
heated, jacketed/insulated tanks. This minimizes corrosion and biofilm development and aids in
thermal and chemical sanitization. Storage tanks require venting to compensate for the
dynamics of changing water levels. This can be accomplished with a properly oriented and
heat-traced filter housing fitted with a hydrophobic microbial retentive membrane filter affixed
to an atmospheric vent. Alternatively, an automatic membrane-filtered compressed gas
blanketing system may be used. In both cases, rupture disks equipped with a rupture alarm
device should be used as a further safeguard for the mechanical integrity of the tank. Areas of
concern include microbial growth or corrosion due to irregular or incomplete sanitization and
microbial contamination from unalarmed rupture disk failures caused by condensate-occluded
vent filters.
Distribution Systems
Distribution system configuration should allow for the continuous flow of water in the piping by
means of recirculation. Use of nonrecirculating, dead-end, or one-way systems or system
segments should be avoided whenever possible. If not possible, these systems should be
periodically flushed and more closely monitored. Experience has shown that continuously
recirculated systems are easier to maintain. Pumps should be designed to deliver fully turbulent
flow conditions to facilitate thorough heat distribution (for hot water sanitized systems) as well
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as thorough chemical sanitant distribution. Turbulent flow also appear to either retard the
development of biofilms or reduce the tendency of those biofilms to shed bacteria into the
water. If redundant pumps are used, they should be configured and used to avoid microbial
contamination of the system.
Components and distribution lines should be sloped and fitted with drain points so that the
system can be completely drained. In stainless steel distribution systems where the water is
circulated at a high temperature, dead legs and low-flow conditions should be avoided, and
valved tie-in points should have length-to-diameter ratios of six or less. If constructed of heat
tolerant plastic, this ratio should be even less to avoid cool points where biofilm development
could occur. In ambient temperature distribution systems, particular care should be exercised
to avoid or minimize dead leg ratios of any size and provide for complete drainage. If the
system is intended to be steam sanitized, careful sloping and low-point drainage is crucial to
condensate removal and sanitization success. If drainage of components or distribution lines is
intended as a microbial control strategy, they should also be configured to be completely dried
using dry compressed air (or nitrogen if appropriate employee safety measures are used).
Drained but still moist surfaces will still support microbial proliferation. Water exiting from the
distribution system should not be returned to the system without first passing through all or a
portion of the purification train.
The distribution design should include the placement of sampling valves in the storage tank and
at other locations, such as in the return line of the recirculating water system. Where feasible,
the primary sampling sites for water should be the valves that deliver water to the points of
use. Direct connections to processes or auxiliary equipment should be designed to prevent
reverse flow into the controlled water system. Hoses and heat exchangers that are attached to
points of use in order to deliver water for a particular use must not chemically or
microbiologically degrade the water quality. The distribution system should permit sanitization
for microorganism control. The system may be continuously operated at sanitizing conditions or
sanitized periodically.
INSTALLATION, MATERIALS OF CONSTRUCTION, AND COMPONENT SELECTION
Installation techniques are important because they can affect the mechanical, corrosive, and
sanitary integrity of the system. Valve installation attitude should promote gravity drainage.
Pipe supports should provide appropriate slopes for drainage and should be designed to support
the piping adequately under worst-case thermal and flow conditions. The methods of
connecting system components including units of operation, tanks, and distribution piping
require careful attention to preclude potential problems. Stainless steel welds should provide
reliable joints that are internally smooth and corrosion-free. Low-carbon stainless steel,
compatible wire filler, where necessary, inert gas, automatic welding machines, and regular
inspection and documentation help to ensure acceptable weld quality. Follow-up cleaning and
passivation are important for removing contamination and corrosion products and to reestablish the passive corrosion resistant surface. Plastic materials can be fused (welded) in
some cases and also require smooth, uniform internal surfaces. Adhesive glues and solvents
should be avoided due to the potential for voids and extractables. Mechanical methods of
joining, such as flange fittings, require care to avoid the creation of offsets, gaps,
penetrations, and voids. Control measures include good alignment, properly sized gaskets,
appropriate spacing, uniform sealing force, and the avoidance of threaded fittings.
Materials of construction should be selected to be compatible with control measures such as
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sanitizing, cleaning, and passivating. Temperature rating is a critical factor in choosing
appropriate materials because surfaces may be required to handle elevated operating and
sanitization temperatures. Should chemicals or additives be used to clean, control, or sanitize
the system, materials resistant to these chemicals or additives must be utilized. Materials
should be capable of handling turbulent flow and elevated velocities without wear of the
corrosion-resistant film such as the passive chromium oxide surface of stainless steel. The
finish on metallic materials such as stainless steel, whether it is a refined mill finish, polished to
a specific grit, or an electropolished treatment, should complement system design and provide
satisfactory corrosion and microbial activity resistance as well as chemical sanitizability.
Auxiliary equipment and fittings that require seals, gaskets, diaphragms, filter media, and
membranes should exclude materials that permit the possibility of extractables, shedding, and
microbial activity. Insulating materials exposed to stainless steel surfaces should be free of
chlorides to avoid the phenomenon of stress corrosion cracking that can lead to system
contamination and the destruction of tanks and critical system components.
Specifications are important to ensure proper selection of materials and to serve as a reference
for system qualification and maintenance. Information such as mill reports for stainless steel
and reports of composition, ratings, and material handling capabilities for nonmetallic
substances should be reviewed for suitability and retained for reference. Component (auxiliary
equipment) selection should be made with assurance that it does not create a source of
contamination intrusion. Heat exchangers should be constructed to prevent leakage of heat
transfer medium to the pharmaceutical water and, for heat exchanger designs where prevention
may fail, there should be a means to detect leakage. Pumps should be of sanitary design with
seals that prevent contamination of the water. Valves should have smooth internal surfaces
with the seat and closing device exposed to the flushing action of water, such as occurs in
diaphragm valves. Valves with pocket areas or closing devices (e.g., ball, plug, gate, globe)
that move into and out of the flow area should be avoided.
SANITIZATION
Microbial control in water systems is achieved primarily through sanitization practices. Systems
can be sanitized using either thermal or chemical means. Thermal approaches to system
sanitization include periodic or continuously circulating hot water and the use of steam.
Temperatures of at least 80 are most commonly used for this purpose, but continuously
recirculating water of at least 65 has also been used effectively in insulated stainless steel
distribution systems when attention is paid to uniformity and distribution of such self-sanitizing
temperatures. These techniques are limited to systems that are compatible with the higher
temperatures needed to achieve sanitization. Although thermal methods control biofilm
development by either continuously inhibiting their growth or, in intermittent applications, by
killing the microorganisms within biofilms, they are not effective in removing established biofilms.
Killed but intact biofilms can become a nutrient source for rapid biofilm regrowth after the
sanitizing conditions are removed or halted. In such cases, a combination of routine thermal
and periodic supplementation with chemical sanitization might be more effective. The more
frequent the thermal sanitization, the more likely biofilm development and regrowth can be
eliminated. Chemical methods, where compatible, can be used on a wider variety of
construction materials. These methods typically employ oxidizing agents such as halogenated
compounds, hydrogen peroxide, ozone, peracetic acid, or combinations thereof. Halogenated
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compounds are effective sanitizers but are difficult to flush from the system and may leave
biofilms intact. Compounds such as hydrogen peroxide, ozone, and peracetic acid oxidize
bacteria and biofilms by forming reactive peroxides and free radicals (notably hydroxyl radicals).
The short half-life of ozone in particular, and its limitation on achievable concentrations require
that it be added continuously during the sanitization process. Hydrogen peroxide and ozone
rapidly degrade to water and oxygen; peracetic acid degrades to acetic acid in the presence of
UV light. In fact, ozone's ease of degradation to oxygen using 254-nm UV lights at use points
allow it to be most effectively used on a continuous basis to provide continuously sanitizing
conditions.
In-line UV light at a wavelength of 254 nm can also be used to continuously “sanitize” water
circulating in the system, but these devices must be properly sized for the water flow. Such
devices inactivate a high percentage (but not 100%) of microorganisms that flow through the
device but cannot be used to directly control existing biofilm upstream or downstream of the
device. However, when coupled with conventional thermal or chemical sanitization technologies
or located immediately upstream of a microbially retentive filter, it is most effective and can
prolong the interval between system sanitizations.
It is important to note that microorganisms in a well-developed biofilm can be extremely difficult
to kill, even by aggressive oxidizing biocides. The less developed and therefore thinner the
biofilm, the more effective the biocidal action. Therefore, optimal biocide control is achieved by
frequent biocide use that does not allow significant biofilm development between treatments.
Sanitization steps require validation to demonstrate the capability of reducing and holding
microbial contamination at acceptable levels. Validation of thermal methods should include a
heat distribution study to demonstrate that sanitization temperatures are achieved throughout
the system, including the body of use point valves. Validation of chemical methods require
demonstrating adequate chemical concentrations throughout the system, exposure to all
wetted surfaces, including the body of use point valves, and complete removal of the sanitant
from the system at the completion of treatment. Methods validation for the detection and
quantification of residues of the sanitant or its objectionable degradants is an essential part of
the validation program. The frequency of sanitization should be supported by, if not triggered
by, the results of system microbial monitoring. Conclusions derived from trend analysis of the
microbiological data should be used as the alert mechanism for maintenance. The frequency of
sanitization should be established in such a way that the system operates in a state of
microbiological control and does not routinely exceed alert levels (see Alert and Action Levels
and Specifications).
OPERATION, MAINTENANCE, AND CONTROL
A preventive maintenance program should be established to ensure that the water system
remains in a state of control. The program should include (1) procedures for operating the
system, (2) monitoring programs for critical quality attributes and operating conditions including
calibration of critical instruments, (3) schedule for periodic sanitization, (4) preventive
maintenance of components, and (5) control of changes to the mechanical system and to
operating conditions.
Operating Procedures—Procedures for operating the water system and performing routine
maintenance and corrective action should be written, and they should also define the point
when action is required. The procedures should be well documented, detail the function of each
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job, assign who is responsible for performing the work, and describe how the job is to be
conducted. The effectiveness of these procedures should be assessed during water system
validation.
Monitoring Program—Critical quality attributes and operating parameters should be
documented and monitored. The program may include a combination of in-line sensors or
automated instruments (e.g., for TOC, conductivity, hardness, and chlorine), automated or
manual documentation of operational parameters (such as flow rates or pressure drop across a
carbon bed, filter, or RO unit), and laboratory tests (e.g., total microbial counts). The
frequency of sampling, the requirement for evaluating test results, and the necessity for
initiating corrective action should be included.
Sanitization—Depending on system design and the selected units of operation, routine periodic
sanitization may be necessary to maintain the system in a state of microbial control.
Technologies for sanitization are described above.
Preventive Maintenance—A preventive maintenance program should be in effect. The
program should establish what preventive maintenance is to be performed, the frequency of
maintenance work, and how the work should be documented.
Change Control—The mechanical configuration and operating conditions must be controlled.
Proposed changes should be evaluated for their impact on the whole system. The need to
requalify the system after changes are made should be determined. Following a decision to
modify a water system, the affected drawings, manuals, and procedures should be revised.
SAMPLING CONSIDERATIONS
Water systems should be monitored at a frequency that is sufficient to ensure that the system
is in control and continues to produce water of acceptable quality. Samples should be taken
from representative locations within the processing and distribution system. Established
sampling frequencies should be based on system validation data and should cover critical areas
including unit operation sites. The sampling plan should take into consideration the desired
attributes of the water being sampled. For example, systems for Water for Injection because of
their more critical microbiological requirements, may require a more rigorous sampling frequency.
Analyses of water samples often serve two purposes: in-process control assessments and final
quality control assessments. In-process control analyses are usually focused on the attributes
of the water within the system. Quality control is primarily concerned with the attributes of the
water delivered by the system to its various uses. The latter usually employs some sort of
transfer device, often a flexible hose, to bridge the gap between the distribution system usepoint valve and the actual location of water use. The issue of sample collection location and
sampling procedure is often hotly debated because of the typically mixed use of the data
generated from the samples, for both in-process control and quality control. In these single
sample and mixed data use situations, the worst-case scenario should be utilized. In other
words, samples should be collected from use points using the same delivery devices, such as
hoses, and procedures, such as preliminary hose or outlet flushing, as are employed by
production from those use points. Where use points per se cannot be sampled, such as hardpiped connections to equipment, special sampling ports may be used. In all cases, the sample
must represent as closely as possible the quality of the water used in production. If a point of
use filter is employed, sampling of the water prior to and after the filter is needed because the
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filter will mask the microbial control achieved by the normal operating procedures of the
system.
Samples containing chemical sanitizing agents require neutralization prior to microbiological
analysis. Samples for microbiological analysis should be tested immediately, or suitably
refrigerated to preserve the original microbial attributes until analysis can begin. Samples of
flowing water are only indicative of the concentration of planktonic (free floating)
microorganisms present in the system. Biofilm microorganisms (those attached to water system
surfaces) are usually present in greater numbers and are the source of the planktonic
population recovered from grab samples. Microorganisms in biofilms represent a continuous
source of contamination and are difficult to directly sample and quantify. Consequently, the
planktonic population is usually used as an indicator of system contamination levels and is the
basis for system Alert and Action Levels. The consistent appearance of elevated planktonic
levels is usually an indication of advanced biofilm development in need of remedial control.
System control and sanitization are key in controlling biofilm formation and the consequent
planktonic population.
Sampling for chemical analyses is also done for in-process control and for quality control
purposes. However, unlike microbial analyses, chemical analyses can be and often are
performed using on-line instrumentation. Such on-line testing has unequivocal in-process
control purposes because it is not performed on the water delivered from the system. However,
unlike microbial attributes, chemical attributes are usually not significantly degraded by hoses.
Therefore, through verification testing, it may be possible to show that the chemical attributes
detected by the on-line instrumentation (in-process testing) are equivalent to those detected
at the ends of the use point hoses (quality control testing). This again creates a single sample
and mixed data use scenario. It is far better to operate the instrumentation in a continuous
mode, generating large volumes of in-process data, but only using a defined small sampling of
that data for QC purposes. Examples of acceptable approaches include using highest values for
a given period, highest time-weighted average for a given period (from fixed or rolling subperiods), or values at a fixed daily time. Each approach has advantages and disadvantages
relative to calculation complexity and reflection of continuous quality, so the user must decide
which approach is most suitable or justifiable.
Change to read:
CHEMICAL CONSIDERATIONS
The chemical attributes of Purified Water and Water for Injection in effect prior to USP 23 were
specified by a series of chemistry tests for various specific and nonspecific attributes with the
intent of detecting chemical species indicative of incomplete or inadequate purification. While
these methods could have been considered barely adequate to control the quality of these
waters, they nevertheless stood the test of time. This was partly because the operation of
water systems was, and still is, based on on-line conductivity measurements and specifications
generally thought to preclude the failure of these archaic chemistry attribute tests.
USP moved away from these chemical attribute tests to contemporary analytical technologies
for the bulk waters Purified Water and Water for Injection. The intent was to upgrade the
analytical technologies without tightening the quality requirements. The two contemporary
analytical technologies employed were TOC and conductivity. The TOC test replaced the test
for Oxidizable substances that primarily targeted organic contaminants. A multistaged
Conductivity test which detects ionic (mostly inorganic) contaminants replaced, with the
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exception of the test for Heavy metals, all of the inorganic chemical tests (i.e., Ammonia,
Calcium, Carbon dioxide, Chloride, Sulfate).
Replacing the heavy metals attribute was considered unnecessary because (a) the source
water specifications (found in the NPDWR) for individual Heavy metals were tighter than the
approximate limit of detection of the Heavy metals test for USP XXII Water for Injection and
Purified Water (approximately 0.1 ppm), (b) contemporary water system construction materials
do not leach heavy metal contaminants, and (c) test results for this attribute have uniformly
been negative—there has not been a confirmed occurrence of a singular test failure (failure of
only the Heavy metals test with all other attributes passing) since the current heavy metal
drinking water standards have been in place. Nevertheless, because the presence of heavy
metals in Purified Water or Water for Injection could have dire consequences, its absence
should at least be documented during new water system commissioning and validation or
through prior test results records.
Total solids and pH were the only tests not covered by conductivity testing. The test for Total
solids was considered redundant because the nonselective tests of conductivity and TOC could
detect most chemical species other than silica, which could remain undetected in its colloidal
form. Colloidal silica in Purified Water and Water for Injection is easily removed by most water
pretreatment steps and even if present in the water, constitutes no medical or functional
hazard except under extreme and rare situations. In such extreme situations, other attribute
extremes are also likely to be detected. It is, however, the user's responsibility to ensure
fitness for use. If silica is a significant component in the source water, and the purification unit
operations could be operated or fail and selectively allow silica to be released into the finished
water (in the absence of co-contaminants detectable by conductivity), then either silicaspecific or a total solids type testing should be utilized to monitor and control this rare problem.
The pH attribute was eventually recognized to be redundant to the conductivity test (which
included pH as an aspect of the test and specification); therefore, pH was dropped as a
separate attribute test.
The rationale used by USP to establish its Purified Water and Water for Injection conductivity
specifications took into consideration the conductivity contributed by the two least conductive
former attributes of Chloride and Ammonia, thereby precluding their failure had those wet
chemistry tests been performed. In essence, the Stage 3 conductivity specifications (see
Water Conductivity 645 , Bulk Water) were established from the sum of the conductivities of
the limit concentrations of chloride ions (from pH 5.0 to 6.2) and ammonia ions (from pH 6.3 to
7.0), plus the unavoidable contribution of other conductivity-contributing ions from water (H+
and OH–), dissolved atmospheric CO2 (as HCO3 –), and an electro-balancing quantity of either
Na+ or Cl–, depending on the pH-induced ionic imbalance (see Table 1). The Stage 2
conductivity specification is the lowest value on this table, 2.1 µS/cm. The Stage 1
specifications, designed primarily for on-line measurements, were derived essentially by
summing the lowest values in the contributing ion columns for each of a series of tables similar
to Table 1, created for each 5 increment between 0 and 100 . For example purposes, the
italicized values in Table 1, the conductivity data table for 25 , were summed to yield a
conservative value of 1.3 µS/cm, the Stage 1 specification for a nontemperature compensated,
nonatmosphere equilibrated water sample that actually had a measured temperature of 25 to
29 . Each 5 increment in the table was similarly treated to yield the individual values listed in
the table of Stage 1 specifications (see Water Conductivity

645 , Bulk Water).
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Table 1. Contributing Ion Conductivities of the Chloride–Ammonia Model as a Function
of pH
(in atmosphere-equilibrated water at 25 )
Conductivity
(µS/cm)
pH

H+

OH–

HCO3–

Cl–

Na+

NH4+

Combined
Conductivities

5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0

3.49
2.77
2.20
1.75
1.39
1.10
0.88
0.70
0.55
0.44
0.35
0.28
0.22
0.18
0.14
0.11
0.09
0.07
0.06
0.04
0.03

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.01
0.01
0.01
0.01
0.01
0.02
0.02

0.02
0.02
0.03
0.04
0.05
0.06
0.08
0.10
0.12
0.16
0.20
0.25
0.31
0.39
0.49
0.62
0.78
0.99
1.24
1.56
1.97

1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
0.63
0.45
0.22
0
0
0
0
0

0.19
0.29
0.38
0.46
0.52
0.58
0.63
0.68
0.73
0.78
0.84
0.90
0.99
0
0
0
0.04
0.27
0.56
0.93
1.39

0
0
0
0
0
0
0
0
0
0
0
0
0
1.22
1.22
1.22
1.22
1.22
1.22
1.22
1.22

4.71
4.09
3.62
3.26
2.97
2.75
2.60
2.49
2.41
2.39
2.40
2.44
2.53
2.42
2.31
2.18
2.14
2.56
3.09
3.77
4.63

Stage 3
Limit
4.7
4.1
3.6
3.3
3.0
2.8
2.6
2.5
2.4
2.4
2.4
2.4
2.5
2.4
2.3
2.2
2.1
2.6
3.1
3.8
4.6

As stated above, this rather radical change to utilizing a conductivity attribute as well as the
inclusion of a TOC attribute allowed for on-line measurements. This was a major philosophical
change and allowed major savings to be realized by industry. The TOC and conductivity tests
can also be performed “off-line” in the laboratories using collected samples, though sample
collection tends to introduce opportunities for adventitious contamination that can cause false
high readings. The collection of on-line data is not, however, without challenges. The
continuous readings tend to create voluminous amounts of data where before only a single data
point was available. As stated under Sampling Considerations, continuous in-process data is
excellent for understanding how a water system performs during all of its various usage and
maintenance events in real time, but is too much data for QC purposes. Therefore, a justifiable
fraction or averaging of the data can be used that is still representative of the overall water
quality being used.
Packaged/sterile waters present a particular dilemma relative to the attributes of conductivity
and TOC. The package itself is the source of chemicals (inorganics and organics) that leach
over time into the water and can easily be detected. The irony of organic leaching from plastic
packaging is that when the Oxidizable substances test was the only “organic contaminant” test
for both bulk and packaged/sterile waters, that test's insensitivity to those organic leachables
allowed their presence packaged water and can easily be detected by the conductivity and
TOC tests. The irony of organic leaching from plastic packaging is that before advent of bulk
water TOC testing when the Oxidizable substances test was the only “organic purity” test for
both bulk and packaged/sterile water monographs in USP, that test's insensitivity to many of
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the organic leachables from plastic and elastomeric packaging materials was largely unrealized,
allowing organic levels 1S (USP35)
in packaged/sterile water to be quite high (possibly many times the TOC specification for bulk
water). Similarly, glass containers can also leach inorganics, such as sodium, which are easily
detected by conductivity, but poorly detected by the former wet chemistry attribute tests.
Most of these leachables are considered harmless by current perceptions and standards at the
rather significant concentrations present. Nevertheless, they effectively degrade the quality of
the high-purity waters placed into these packaging systems. Some packaging materials contain
more leachables than others and may not be as suitable for holding water and maintaining its
purity.
The attributes of conductivity and TOC tend to reveal more about the packaging leachables
than they do about the water's original purity. These currently “allowed” leachables could
render the packaged/sterile sterile packaged 1S (USP35)
versions of originally equivalent bulk water essentially unsuitable for many uses where the bulk
waters are perfectly adequate.
Therefore, to better control the ionic packaging leachables, Water Conductivity 645 is
divided into two sections. The first is titled Bulk Water, which applies to Purified Water, Water
for Injection, Water for Hemodialysis, and Pure Steam, and includes the three-stage
conductivity testing instructions and specifications. The second is titled Sterile Water, which
applies to Sterile Purified Water, Sterile Water for Injection, Sterile Water for Inhalation, and
Sterile Water for Irrigation. The Sterile Water section includes conductivity specifications
similar to the Stage 2 testing approach because it is intended as a laboratory test, and these
sterile waters were made from bulk water that already complied with the three-stage
conductivity test. In essence, packaging leachables are the primary target “analytes” of the
conductivity specifications in the Sterile Water section of Water Conductivity 645 . The
effect on potential leachables from different container sizes is the rationale for having two
different specifications, one for small packages containing nominal volumes of 10 mL or less and
another for larger packages. These conductivity specifications are harmonized with the
European Pharmacopoeia conductivity specifications for Sterile Water for Injection. All
monographed waters, except Bacteriostatic Water for Injection, have a conductivity
specification that directs the user to either the Bulk Water or the Sterile Water section of
Water Conductivity 645 . For the sterile packaged 1S (USP35)
water monographs, this water conductivity specification replaces the redundant wet chemistry
limit tests intended for inorganic contaminants that had previously been specified in these
monographs.
Controlling the organic purity of these sterile packaged waters, particularly those in plastic
packaging, is more challenging. Though the TOC test can better detect and therefore be better
used to monitor and control these impurities than the current Oxidizable substances test, the
latter has many decades-old precedents and flexibility with the variety of packaging types and
volumes applicable to these sterile packaged waters. Nevertheless, TOC testing of these
currently allowed sterile, plastic-packaged waters reveals substantial levels of plastic-derived
organic leachables that render the water perhaps orders of magnitude less organically pure
than typically achieved with bulk waters. Therefore, usage of these packaged waters for
analytical, manufacturing, and cleaning applications should only be exercised after suitability of
the waters' purity for the application has been assured. 1S (USP35)
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MICROBIAL CONSIDERATIONS
The major exogenous source of microbial contamination of bulk pharmaceutical water is source
or feed water. Feed water quality must, at a minimum, meet the quality attributes of Drinking
Water for which the level of coliforms are regulated. A wide variety of other microorganisms,
chiefly Gram-negative bacteria, may be present in the incoming water. These microorganisms
may compromise subsequent purification steps. Examples of other potential exogenous sources
of microbial contamination include unprotected vents, faulty air filters, ruptured rupture disks,
backflow from contaminated outlets, unsanitized distribution system “openings” including
routine component replacements, inspections, repairs, and expansions, inadequate drain and
air-breaks, and replacement activated carbon, deionizer resins, and regenerant chemicals. In
these situations, the exogenous contaminants may not be normal aquatic bacteria but rather
microorganisms of soil or even human origin. The detection of nonaquatic microorganisms may
be an indication of a system component failure, which should trigger investigations that will
remediate their source. Sufficient care should be given to system design and maintenance in
order to minimize microbial contamination from these exogenous sources.
Unit operations can be a major source of endogenous microbial contamination. Microorganisms
present in feed water may adsorb to carbon bed, deionizer resins, filter membranes, and other
unit operation surfaces and initiate the formation of a biofilm. In a high-purity water system,
biofilm is an adaptive response by certain microorganisms to survive in this low nutrient
environment. Downstream colonization can occur when microorganisms are shed from existing
biofilm-colonized surfaces and carried to other areas of the water system. Microorganisms may
also attach to suspended particles such as carbon bed fines or fractured resin particles. When
the microorganisms become planktonic, they serve as a source of contamination to subsequent
purification equipment (compromising its functionality) and to distribution systems.
Another source of endogenous microbial contamination is the distribution system itself.
Microorganisms can colonize pipe surfaces, rough welds, badly aligned flanges, valves, and
unidentified dead legs, where they proliferate, forming a biofilm. The smoothness and
composition of the surface may affect the rate of initial microbial adsorption, but once
adsorbed, biofilm development, unless otherwise inhibited by sanitizing conditions, will occur
regardless of the surface. Once formed, the biofilm becomes a continuous source of microbial
contamination.
ENDOTOXIN CONSIDERATIONS
Endotoxins are lipopolysaccharides found in and shed from the cell envelope that is external to
the cell wall of Gram-negative bacteria. Gram-negative bacteria that form biofilms can become
a source of endotoxins in pharmaceutical waters. Endotoxins may occur as clusters of
lipopolysaccharide molecules associated with living microorganisms, fragments of dead
microorganisms or the polysaccharide slime surrounding biofilm bacteria, or as free molecules.
The free form of endotoxins may be released from cell surfaces of the bacteria that colonize
the water system, or from the feed water that may enter the water system. Because of the
multiplicity of endotoxin sources in a water system, endotoxin quantitation in a water system is
not a good indicator of the level of biofilm abundance within a water system.
Endotoxin levels may be minimized by controlling the introduction of free endotoxins and
microorganisms in the feed water and minimizing microbial proliferation in the system. This may
be accomplished through the normal exclusion or removal action afforded by various unit
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operations within the treatment system as well as through system sanitization. Other control
methods include the use of ultrafilters or charge-modified filters, either in-line or at the point of
use. The presence of endotoxins may be monitored as described in the general test chapter
Bacterial Endotoxins Test

85 .

MICROBIAL ENUMERATION CONSIDERATIONS
The objective of a water system microbiological monitoring program is to provide sufficient
information to control and assess the microbiological quality of the water produced. Product
quality requirements should dictate water quality specifications. An appropriate level of control
may be maintained by using data trending techniques and, if necessary, limiting specific
contraindicated microorganisms. Consequently, it may not be necessary to detect all of the
microorganisms species present in a given sample. The monitoring program and methodology
should indicate adverse trends and detect microorganisms that are potentially harmful to the
finished product, process, or consumer. Final selection of method variables should be based on
the individual requirements of the system being monitored.
It should be recognized that there is no single method that is capable of detecting all of the
potential microbial contaminants of a water system. The methods used for microbial monitoring
should be capable of isolating the numbers and types of organisms that have been deemed
significant relative to in-process system control and product impact for each individual system.
Several criteria should be considered when selecting a method to monitor the microbial content
of a pharmaceutical water system. These include method sensitivity, range of organisms types
or species recovered, sample processing throughput, incubation period, cost, and
methodological complexity. An alternative consideration to the use of the classical “culture”
approaches is a sophisticated instrumental or rapid test method that may yield more timely
results. However, care must be exercised in selecting such an alternative approach to ensure
that it has both sensitivity and correlation to classical culture approaches, which are generally
considered the accepted standards for microbial enumeration.
Consideration should also be given to the timeliness of microbial enumeration testing after
sample collection. The number of detectable planktonic bacteria in a sample collected in a
scrupulously clean sample container will usually drop as time passes. The planktonic bacteria
within the sample will tend to either die or to irretrievably adsorb to the container walls
reducing the number of viable planktonic bacteria that can be withdrawn from the sample for
testing. The opposite effect can also occur if the sample container is not scrupulously clean
and contains a low concentration of some microbial nutrient that could promote microbial
growth within the sample container. Because the number of recoverable bacteria in a sample
can change positively or negatively over time after sample collection, it is best to test the
samples as soon as possible after being collected. If it is not possible to test the sample within
about 2 hours of collection, the sample should be held at refrigerated temperatures (2 to 8 )
for a maximum of about 12 hours to maintain the microbial attributes until analysis. In situations
where even this is not possible (such as when using off-site contract laboratories), testing of
these refrigerated samples should be performed within 48 hours after sample collection. In the
delayed testing scenario, the recovered microbial levels may not be the same as would have
been recovered had the testing been performed shortly after sample collection. Therefore,
studies should be performed to determine the existence and acceptability of potential microbial
enumeration aberrations caused by protracted testing delays.
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The Classical Culture Approach
Classical culture approaches for microbial testing of water include but are not limited to pour
plates, spread plates, membrane filtration, and most probable number (MPN) tests. These
methods are generally easy to perform, are less expensive, and provide excellent sample
processing throughput. Method sensitivity can be increased via the use of larger sample sizes.
This strategy is used in the membrane filtration method. Culture approaches are further defined
by the type of medium used in combination with the incubation temperature and duration. This
combination should be selected according to the monitoring needs presented by a specific
water system as well as its ability to recover the microorganisms of interest: those that could
have a detrimental effect on the product or process uses as well as those that reflect the
microbial control status of the system.
There are two basic forms of media available for traditional microbiological analysis: “high
nutrient” and “low nutrient”. High-nutrient media such as plate count agar (TGYA) and m-HPC
agar (formerly m-SPC agar), are intended as general media for the isolation and enumeration of
heterotrophic or “copiotrophic” bacteria. Low-nutrient media such as R2A agar and NWRI agar
(HPCA), may be beneficial for isolating slow growing “oligotrophic” bacteria and bacteria that
require lower levels of nutrients to grow optimally. Often some facultative oligotrophic bacteria
are able to grow on high nutrient media and some facultative copiotrophic bacteria are able to
grow on low-nutrient media, but this overlap is not complete. Low-nutrient and high-nutrient
cultural approaches may be concurrently used, especially during the validation of a water
system, as well as periodically thereafter. This concurrent testing could determine if any
additional numbers or types of bacteria can be preferentially recovered by one of the
approaches. If so, the impact of these additional isolates on system control and the end uses
of the water could be assessed. Also, the efficacy of system controls and sanitization on these
additional isolates could be assessed.
Duration and temperature of incubation are also critical aspects of a microbiological test
method. Classical methodologies using high nutrient media are typically incubated at 30 to 35
for 48 to 72 hours. Because of the flora in certain water systems, incubation at lower
temperatures (e.g., 20 to 25 ) for longer periods (e.g., 5 to 7 days) can recover higher
microbial counts when compared to classical methods. Low-nutrient media are designed for
these lower temperature and longer incubation conditions (sometimes as long as 14 days to
maximize recovery of very slow growing oligotrophs or sanitant injured microorganisms), but
even high-nutrient media can sometimes increase their recovery with these longer and cooler
incubation conditions. Whether or not a particular system needs to be monitored using high- or
low-nutrient media with higher or lower incubation temperatures or shorter or longer incubation
times should be determined during or prior to system validation and periodically reassessed as
the microbial flora of a new water system gradually establish a steady state relative to its
routine maintenance and sanitization procedures. The establishment of a “steady state” can
take months or even years and can be perturbed by a change in use patterns, a change in
routine and preventative maintenance or sanitization procedures, and frequencies, or any type
of system intrusion, such as for component replacement, removal, or addition. The decision to
use longer incubation periods should be made after balancing the need for timely information
and the type of corrective actions required when an alert or action level is exceeded with the
ability to recover the microorganisms of interest.
The advantages gained by incubating for longer times, namely recovery of injured
microorganisms, slow growers, or more fastidious microorganisms, should be balanced against
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the need to have a timely investigation and to take corrective action, as well as the ability of
these microorganisms to detrimentally affect products or processes. In no case, however,
should incubation at 30 to 35 be less than 48 hours or less than 96 hours at 20 to 25 .
Normally, the microorganisms that can thrive in extreme environments are best cultivated in the
laboratory using conditions simulating the extreme environments from which they were taken.
Therefore, thermophilic bacteria might be able to exist in the extreme environment of hot
pharmaceutical water systems, and if so, could only be recovered and cultivated in the
laboratory if similar thermal conditions were provided. Thermophilic aquatic microorganisms do
exist in nature, but they typically derive their energy for growth from harnessing the energy
from sunlight, from oxidation/reduction reactions of elements such as sulfur or iron, or indirectly
from other microorganisms that do derive their energy from these processes. Such
chemical/nutritional conditions do not exist in high purity water systems, whether ambient or
hot. Therefore, it is generally considered pointless to search for thermophiles from hot
pharmaceutical water systems owing to their inability to grow there.
The microorganisms that inhabit hot systems tend to be found in much cooler locations within
these systems, for example, within use-point heat exchangers or transfer hoses. If this occurs,
the kinds of microorganisms recovered are usually of the same types that might be expected
from ambient water systems. Therefore, the mesophilic microbial cultivation conditions
described later in this chapter are usually adequate for their recovery.
“Instrumental” Approaches
Examples of instrumental approaches include microscopic visual counting techniques (e.g.,
epifluorescence and immunofluorescence) and similar automated laser scanning approaches and
radiometric, impedometric, and biochemically based methodologies. These methods all possess a
variety of advantages and disadvantages. Advantages could be their precision and accuracy or
their speed of test result availability as compared to the classical cultural approach. In general,
instrument approaches often have a shorter lead time for obtaining results, which could
facilitate timely system control. This advantage, however, is often counterbalanced by limited
sample processing throughput due to extended sample collection time, costly and/or laborintensive sample processing, or other instrument and sensitivity limitations.
Furthermore, instrumental approaches are typically destructive, precluding subsequent isolate
manipulation for characterization purposes. Generally, some form of microbial isolate
characterization, if not full identification, may be a required element of water system
monitoring. Consequently, culturing approaches have traditionally been preferred over
instrumental approaches because they offer a balance of desirable test attributes and posttest capabilities.
Suggested Methodologies
The following general methods were originally derived from Standard Methods for the
Examination of Water and Wastewater, 17th Edition, American Public Health Association,
Washington, DC 20005. Even though this publication has undergone several revisions since its
first citation in this chapter, the methods are still considered appropriate for establishing trends
in the number of colony-forming units observed in the routine microbiological monitoring of
pharmaceutical waters. It is recognized, however, that other combinations of media and
incubation time and temperature may occasionally or even consistently result in higher numbers
of colony-forming units being observed and/or different species being recovered.
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The extended incubation periods that are usually required by some of the alternative methods
available offer disadvantages that may outweigh the advantages of the higher counts that may
be obtained. The somewhat higher baseline counts that might be observed using alternate
cultural conditions would not necessarily have greater utility in detecting an excursion or a
trend. In addition, some alternate cultural conditions using low-nutrient media tend to lead to
the development of microbial colonies that are much less differentiated in colonial appearance,
an attribute that microbiologists rely on when selecting representative microbial types for
further characterization. It is also ironical that the nature of some of the slow growers and the
extended incubation times needed for their development into visible colonies may also lead to
those colonies being largely nonviable, which limits their further characterization and precludes
their subculture and identification.
Methodologies that can be suggested as generally satisfactory for monitoring pharmaceutical
water systems are as follows. However, it must be noted that these are not referee methods
nor are they necessarily optimal for recovering microorganisms from all water systems. The
users should determine through experimentation with various approaches which methodologies
are best for monitoring their water systems for in-process control and quality control purposes
as well as for recovering any contraindicated species they may have specified.
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Pour Plate Method or Membrane Filtration
Method1
Sample Volume—1.0 mL minimum2
Growth Medium—Plate Count Agar3
Incubation Time—48 to 72 hours minimum
Incubation Temperature—30 to 35
Pour Plate Method or Membrane Filtration
Method1
Sample Volume—1.0 mL minimum2
Growth Medium—Plate Count Agar3
Incubation Time—48 to 72 hours minimum
Incubation Temperature—30 to 35
Membrane Filtration Method1
Sample Volume—100 mL minimum2
Growth Medium—Plate Count Agar3
Incubation Time—48 to 72 hours minimum
Incubation Temperature—30 C to 35 C

1 A membrane filter with a rating of 0.45 µm is generally considered preferable even though
the cellular width of some of the bacteria in the sample may be narrower than this. The
efficiency of the filtration process still allows the retention of a very high percentage of
these smaller cells and is adequate for this application. Filters with smaller ratings may be
used if desired, but for a variety of reasons the ability of the retained cells to develop into
visible colonies may be compromised, so count accuracy must be verified by a reference
approach.
2 When colony counts are low to undetectable using the indicated minimum sample volume,
it is generally recognized that a larger sample volume should be tested in order to gain
better assurance that the resulting colony count is more statistically representative. The
sample volume to consider testing is dependent on the user's need to know (which is
related to the established alert and action levels and the water system's microbial control
capabilities) and the statistical reliability of the resulting colony count. In order to test a
larger sample volume, it may be necessary to change testing techniques, e.g., changing
from a pour plate to a membrane filtration approach. Nevertheless, in a very low to nil count
scenario, a maximum sample volume of around 250 to 300 mL is usually considered a
reasonable balance of sample collecting and processing ease and increased statistical
reliability. However, when sample volumes larger than about 2 mL are needed, they can only
be processed using the membrane filtration method.
3 Also known as Standard Methods Agar, Standard Methods Plate Count Agar, or TGYA,
this medium contains tryptone (pancreatic digest of casein), glucose and yeast extract.
IDENTIFICATION OF MICROORGANISMS
Identifying the isolates recovered from water monitoring methods may be important in instances
where specific waterborne microorganisms may be detrimental to the products or processes in
which the water is used. Microorganism information such as this may also be useful when
identifying the source of microbial contamination in a product or process. Often a limited group
of microorganisms is routinely recovered from a water system. After repeated recovery and
characterization, an experienced microbiologist may become proficient at their identification
based on only a few recognizable traits such as colonial morphology and staining
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characteristics. This may allow for a reduction in the number of identifications to representative
colony types, or, with proper analyst qualification, may even allow testing short cuts to be
taken for these microbial identifications.
ALERT AND ACTION LEVELS AND SPECIFICATIONS
Though the use of alert and action levels is most often associated with microbial data, they
can be associated with any attribute. In pharmaceutical water systems, almost every quality
attribute, other than microbial quality, can be very rapidly determined with near-real time
results. These short-delay data can give immediate system performance feedback, serving as
ongoing process control indicators. However, because some attributes may not continuously be
monitored or have a long delay in data availability (like microbial monitoring data), properly
established Alert and Action Levels can serve as an early warning or indication of a potentially
approaching quality shift occurring between or at the next periodic monitoring. In a validated
water system, process controls should yield relatively constant and more than adequate values
for these monitored attributes such that their Alert and Action Levels are infrequently
broached.
As process control indicators, alert and action levels are designed to allow remedial action to
occur that will prevent a system from deviating completely out of control and producing water
unfit for its intended use. This “intended use” minimum quality is sometimes referred to as a
“specification” or “limit”. In the opening paragraphs of this chapter, rationale was presented for
no microbial specifications being included within the body of the bulk water (Purified Water and
Water for Injection) monographs. This does not mean that the user should not have microbial
specifications for these waters. To the contrary, in most situations such specifications should
be established by the user. The microbial specification should reflect the maximum microbial
level at which the water is still fit for use without compromising the quality needs of the
process or product where the water is used. Because water from a given system may have
many uses, the most stringent of these uses should be used to establish this specification.
Where appropriate, a microbial specification could be qualitative as well as quantitative. In
other words, the number of total microorganisms may be as important as the number of a
specific microorganism or even the absence of a specific microorganism. Microorganisms that
are known to be problematic could include opportunistic or overt pathogens, nonpathogenic
indicators of potentially undetected pathogens, or microorganisms known to compromise a
process or product, such as by being resistant to a preservative or able to proliferate in or
degrade a product. These microorganisms comprise an often ill-defined group referred to as
“objectionable microorganisms”. Because objectionable is a term relative to the water's use, the
list of microorganisms in such a group should be tailored to those species with the potential to
be present and problematic. Their negative impact is most often demonstrated when they are
present in high numbers, but depending on the species, an allowable level may exist, below
which they may not be considered objectionable.
As stated above, alert and action levels for a given process control attribute are used to help
maintain system control and avoid exceeding the pass/fail specification for that attribute. Alert
and action levels may be both quantitative and qualitative. They may involve levels of total
microbial counts or recoveries of specific microorganisms. Alert levels are events or levels that,
when they occur or are exceeded, indicate that a process may have drifted from its normal
operating condition. Alert level excursions constitute a warning and do not necessarily require a
corrective action. However, alert level excursions usually lead to the alerting of personnel
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involved in water system operation as well as QA. Alert level excursions may also lead to
additional monitoring with more intense scrutiny of resulting and neighboring data as well as
other process indicators. Action levels are events or higher levels that, when they occur or are
exceeded, indicate that a process is probably drifting from its normal operating range. Examples
of kinds of action level “events” include exceeding alert levels repeatedly; or in multiple
simultaneous locations, a single occurrence of exceeding a higher microbial level; or the
individual or repeated recovery of specific objectionable microorganisms. Exceeding an action
level should lead to immediate notification of both QA and personnel involved in water system
operations so that corrective actions can immediately be taken to bring the process back into
its normal operating range. Such remedial actions should also include efforts to understand and
eliminate or at least reduce the incidence of a future occurrence. A root cause investigation
may be necessary to devise an effective preventative action strategy. Depending on the
nature of the action level excursion, it may also be necessary to evaluate its impact on the
water uses during that time. Impact evaluations may include delineation of affected batches
and additional or more extensive product testing. It may also involve experimental product
challenges.
Alert and action levels should be derived from an evaluation of historic monitoring data called a
trend analysis. Other guidelines on approaches that may be used, ranging from “inspectional” to
statistical evaluation of the historical data have been published. The ultimate goal is to
understand the normal variability of the data during what is considered a typical operational
period. Then, trigger points or levels can be established that will signal when future data may
be approaching (alert level) or exceeding (action level) the boundaries of that “normal
variability”. Such alert and action levels are based on the control capability of the system as it
was being maintained and controlled during that historic period of typical control.
In new water systems where there is very limited or no historic data from which to derive data
trends, it is common to simply establish initial alert and action levels based on a combination of
equipment design capabilities but below the process and product specifications where water is
used. It is also common, especially for ambient water systems, to microbiologically “mature”
over the first year of use. By the end of this period, a relatively steady state microbial
population (microorganism types and levels) will have been allowed or promoted to develop as a
result of the collective effects of routine system maintenance and operation, including the
frequency of unit operation rebeddings, backwashings, regenerations, and sanitizations. This
microbial population will typically be higher than was seen when the water system was new, so
it should be expected that the data trends (and the resulting alert and action levels) will
increase over this “maturation” period and eventually level off.
A water system should be designed so that performance-based alert and action levels are well
below water specifications. With poorly designed or maintained water systems, the system
owner may find that initial new system microbial levels were acceptable for the water uses and
specifications, but the mature levels are not. This is a serious situation, which if not
correctable with more frequent system maintenance and sanitization, may require expensive
water system renovation or even replacement. Therefore, it cannot be overemphasized that
water systems should be designed for ease of microbial control, so that when monitored against
alert and action levels, and maintained accordingly, the water continuously meets all applicable
specifications.
An action level should not be established at a level equivalent to the specification. This leaves
no room for remedial system maintenance that could avoid a specification excursion. Exceeding
a specification is a far more serious event than an action level excursion. A specification
excursion may trigger an extensive finished product impact investigation, substantial remedial
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actions within the water system that may include a complete shutdown, and possibly even
product rejection.
Another scenario to be avoided is the establishment of an arbitrarily high and usually
nonperformance based action level. Such unrealistic action levels deprive users of meaningful
indicator values that could trigger remedial system maintenance. Unrealistically high action
levels allow systems to grow well out of control before action is taken, when their intent should
be to catch a system imbalance before it goes wildly out of control.
Because alert and action levels should be based on actual system performance, and the system
performance data are generated by a given test method, it follows that those alert and action
levels should be valid only for test results generated by the same test method. It is invalid to
apply alert and action level criteria to test results generated by a different test method. The
two test methods may not equivalently recover microorganisms from the same water samples.
Similarly invalid is the use of trend data to derive alert and action levels for one water system,
but applying those alert and action levels to a different water system. Alert and action levels
are water system and test method specific.
Nevertheless, there are certain maximum microbial levels above which action levels should
never be established. Water systems with these levels should unarguably be considered out of
control. Using the microbial enumeration methodologies suggested above, generally considered
maximum action levels are 100 cfu per mL for Purified Water and 10 cfu per 100 mL for Water
for Injection. However, if a given water system controls microorganisms much more tightly than
these levels, appropriate alert and action levels should be established from these tighter control
levels so that they can truly indicate when water systems may be starting to trend out of
control. These in-process microbial control parameters should be established well below the
user-defined microbial specifications that delineate the water's fitness for use.
Special consideration is needed for establishing maximum microbial action levels for Drinking
Water because the water is often delivered to the facility in a condition over which the user
has little control. High microbial levels in Drinking Water may be indicative of a municipal water
system upset, broken water main, or inadequate disinfection, and therefore, potential
contamination with objectionable microorganisms. Using the suggested microbial enumeration
methodology, a reasonable maximum action level for Drinking Water is 500 cfu per mL.
Considering the potential concern for objectionable microorganisms raised by such high microbial
levels in the feedwater, informing the municipality of the problem so they may begin corrective
actions should be an immediate first step. In-house remedial actions may or may not also be
needed, but could include performing additional coliform testing on the incoming water and
pretreating the water with either additional chlorination or UV light irradiation or filtration or a
combination of approaches.
BRIEFING
1644 Theory and Practice of Electrical Conductivity Measurements of Solutions.
There is a growing use of electrical conductivity measurements of fluids in pharmaceutical
processes, and there is a void in the USP general chapters of information regarding the use of
this analytical tool. There are some texts and articles related, including from NIST, which could
be used as references for interested users. This new chapter provides general information on
the use, application theory of operation, terminology, calibration, and performance of electrical
conductivity measurement of fluids.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number— C98558
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Add the following:
1644

THEORY AND PRACTICE OF ELECTRICAL CONDUCTIVITY MEASUREMENTS OF
SOLUTIONS

This general chapter provides information in support of instrumental methods for procedures
that measure electrical conductivity. Pharmaceutical applications include: chemical dosing,
cleaning in place, fermentation control, and liquid mixing verification, among others. Although
the general chapter focuses on aqueous systems, conductivity measurements can be extended
to organic fluids. The general chapter also focuses on contacting conductivity measurements
and does not cover applications which may use noncontacting inductive conductivity. After an
introduction, the general chapter covers the following major topics: theory of operation,
operational considerations, calibration, and operation for at-line, in-line, and off-line
measurement procedures.
INTRODUCTION
Conductivity is the measurement of the ability of a fluid to conduct electricity via its chemical
ions. The ability of any ion to electrically conduct is directly related to its ion mobility. Some of
the common applications of conductivity measurements include water treatment and
purification, clean-in-place process fluid management, fermentation process monitoring, dosing
applications, nutrient media preparation, buffer production (e.g., distribution and dilution for
dialysis and chromatography applications), chromatography detection of gradient and eluent,
active pharmaceutical ingredient chemical synthesis, and concentration determination of basic
chemicals. Fluids should be measured in a single homogenous phase—i.e., conductivity should
not be applied to mixed immiscible fluids unless they are separated. Electrical conductivity
measurements cannot be applied to solids or gases, but they can be applied to the condensate
of gases.
Besides its use to monitor ionic concentrations of process fluids, conductivity is also useful for
the detection of ionic impurities in compendial waters (see Water Conductivity 645 ) and for
the detection of ionic impurities in organic matrices.
The measurement is non–ion-specific, and all ions respond with different efficiency or
equivalent conductance, . Despite the lack of ionic specificity, conductivity is a valuable
laboratory and process tool for measurement and control of total ionic content because it is
proportional to the sum of the concentration of each ionic species (anions and cations) as
described in Equation 1:

where

is the conductivity (S/cm), Ci is the concentration of chemical ion i (mole/L), and

i

is
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the specific conductance of ion i (S·cm2/mole). Though S/m is the appropriate SI unit for
conductivity (i.e., the base SI units are the ampere and the meter) units of S/cm historically
have been selected as the accepted unit of expression.
At low ion concentrations (typically < 10–3 mole/L), the conductivity–concentration relationship
is linear and valid because is constant for each ion, but there are three notable exceptions
to this strict linearity and proportionality. First, at higher concentrations (approximately 10–3 to
1 mole/L) small negative deviations from linearity (< 5%/decade) arise because of the decrease
in for each ion, and the negative deviations vary from ion to ion. Second, at higher
concentrations for weak acids and bases the extent of dissociation into ions decreases
depending on their dissociation constants. As the concentration of a weak acid/base increases,
the conjugate cation/anion concentration increases as the square root of the acid/base
concentration. Third, at high concentrations (> 20%) of certain strong acids such as HNO3 and
H2 SO4 , the negative deviations persist, and, in some cases, the conductivity decreases with
increasing concentration. The conductivity of high-concentration acid systems is well
documented.
Another variable that influences conductivity measurements is the fluid temperature. A stricter
expression of Equation 1 is shown below as Equation 2:

where the conductivity measurement, ion concentrations, and specific ion conductances are
temperature (T) dependent. As fluid temperature increases, the ions become more efficient
electrical conduits, making this physicochemical phenomenon the predominant reason for the
temperature-compensation requirement when testing conductive fluids. The specific ion
conductance of all ions increases with increasing temperature. In addition, the concentration of
ions can also change as a function of temperature. For example, the auto-dissociation constant
of water, Kw, increases with temperature from 0 to 100 , resulting in the increased production
of H+ and OH–.
Strictly speaking, it is challenging to temperature-compensate perfectly the conductivity
measurement to a reference temperature unless the ionic species are well known. In many
applications the ionic species are well known, and in most other cases simple assumptions make
this issue less demanding. Temperature compensation is discussed in further detail in
Temperature Compensation, below.
THEORY OF OPERATION
Alternating Current Measurement Method
Conductivity is measured by applying a voltage (or current) between two conducting
electrodes and measuring the resistance of the fluid using Ohm's Law. Various methods are
used to apply the voltage/current, but all have the property of using an alternating
voltage/current (AC) in order to minimize polarization (or collection of ions) at the electrodes or
any electrolytic reaction. If a direct voltage/current (DC) is used, then the positive ions will
collect at the negative electrode, and negative ions will collect at the positive electrode. The
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collection of ions at the electrode prevents the flow of current and adversely affects the
accuracy and stability of the conductivity measurement. The measuring frequency of the AC
signal depends on the technology and can range from as low as 30 Hz in low-conducting fluids
up to 4 kHz in highly conductive fluids. The specific frequencies are not relevant to operation of
the system because the drive frequency is embedded in the instrument's measurement systems
and is integrally linked to the supplier's measurement technology. This chapter does not seek to
evaluate different measurement technologies because they are usually microprocessorcontrolled systems and are proprietary.
The two-electrode AC measurement technique is valid for use with all concentrations of ionic
species ranging from acids and bases (high conductivity) to Water for Injection and Purified
Water (low conductivity) and even to organic, weakly ionic species such as alcohols and
glycols. The measurement can be sensitive to ion concentrations as low as 0.05 µg/L. For high
ion concentrations, analysts can use an alternative 4-electrode measurement method in which
the current is applied between two of the electrodes and the voltage is measured between the
two other electrodes. Ions are driven to the current electrodes while the voltage electrodes
make the measurement with limited polarization effects.
Units of Expression
There is no difference in the physical measurement of conductivity and resistivity—they are
multiplicative inverse measurements of each other. Therefore, if one measurement is known,
then the other value is readily calculated by taking the reciprocal of the numerical value and
the units. There is also no difference in the instrumentation or the sensors. The only difference
is how the measured value is reported or displayed for the convenience of the analyst. For
example, 18.2 MW–cm = 0.0550 µS/cm and 5.23 kW–cm = 0.191 mS/cm = 191 µS/cm. Although
the proper SI units are W–m or S/m, the traditionally used units are W–cm or S/cm.
Figure 1 shows relationships among conductivity, resistivity, and some example process fluids
of various grades of purity. The conductivity of fluids in pharmaceutical systems varies over
approximately 8 orders of magnitude. In high–purity water systems, the quantity of ions
present in Purified Water or Water for Injection is very low, resulting in a conductivity < 5
µS/cm and often approaching 0.055 µS/cm or less. [Note—The conductivity of the purest
waters at temperatures less than 25 is less than 0.055 µS/cm. ] In drinking waters, the
conductivity may vary from 30 to 2000 µS/cm. In chromatographic separations, the
conductivity of the eluent may vary from 0.1 to 100 mS/cm. For hot concentrated acids, the
conductivity may be as high as 1 S/cm.

Figure 1. Relationships among conductivity, resistivity, and some example process fluids of
various grades of purity.
Cell Constant Determination
The purpose of the sensor's cell constant is to normalize the conductance/resistance
measurement for the geometrical construction of two electrodes. When two electrodes are
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placed in a conducting fluid and a voltage is applied to them, there is a conductance
(resistance) between the electrodes. If the electrodes are placed farther apart, the
conductance decreases (resistance increases). If the area of the electrodes increases, then
the conductance increases (resistance decreases). In both cases, the ion concentrations
between the electrodes do not change, but the geometrical construction of the sensor (cell
constant) alters the measured conductance (resistance). The conductivity of a solution ( ,
Siemens/cm) is related to the conductance, K (Siemens) according to Equation 3:

where A is the area of the conducting electrodes (cm2) and d is the distance between the
electrodes (cm). The other common unit of expression is the reciprocal of conductivity, or
resistivity,

(W–cm), as described in Equation 4:

where R is the resistance of the fluid between the electrodes (ohm = 1/Siemens). The
geometrical ratio, d/A (or ), is known as the cell constant (cm–1) of the sensor.
For today's sensors, the determination of the cell constant by the direct measurement of d and
A is impractical because of variations in the geometrical configurations and the nonuniformity of
the electric field between the electrodes. The cell constant is determined by immersing the
conductivity sensor in a solution of known or reference conductivity. After immersion of the
sensor, the analyst enters the reference conductivity value into the transmitter, and the
transmitter calculates the cell constant automatically. The cell constant and calibration data
may also be transferred electronically to nonvolatile memory located at the sensor. Special
handling and precautions are described below.
Solutions of known conductivity, traceable to authoritative sources, are not as common or
commercially available as other traceable solutions such as pH buffers or certified reference
solutions. Some examples of authoritative sources providing solutions of known conductivity are
American Society for Testing and Materials International (ASTM), National Institute of
Standards and Technology (NIST), Japan Industrial Standards, and International Organization
for Standardization, but this is not an exhaustive list. ASTM D1125 Standard Test Method for
Electrical Conductivity and Resistivity of Water is an established procedure for preparing four
solutions of known conductivity ranging from approximately 150 to 111,000 µS/cm in order to
establish the cell constant. ASTM D1125 is one procedure to prepare solutions, but ASTM does
not provide solutions. In contrast, NIST and other national agencies offer various reference
conductivity solutions over a similar range. Water with no impurities or exposure to air is a
reliable reference conductivity material below 10 µS/cm because the fundamental conductivity
of ultrapure water is known precisely as a function of temperature.
Temperature Compensation
Temperature compensation is a typical requirement for most conductivity measurements,
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although there are exceptions such as those contained in Water Conductivity 645 . As noted
previously, the conductivity of a fluid is related to its temperature. As the temperature
increases, ions become more mobile and the conductivity increases. The effect of temperature
depends on the type and concentration of the ion, but for most solutions > 10 µS/cm the
impact of temperature is in the range of 1.9%/ C to 2.2%/ C. For strong acids, this may be as
low as 1.5%/ C. For high–purity compendial waters, the temperature coefficient varies from
2.0%/ C to 7.5%/ C depending on the temperature and purity of the water. For each case
described here, some knowledge of the type of impurity is needed in order to ensure adequate
temperature compensation. If the temperature coefficient is constant and linear, the equation
that relates the compensated conductivity to the non–temperature-compensated conductivity
is described in Equation 5:

where T is the measured temperature,

25

is the conductivity compensated to 25 C,

T

is the

conductivity at T, and is 0.02 for a temperature coefficient of 2%/ C.
Most conductivity measurement systems measure the uncompensated conductivity/resistivity
and the temperature, and the temperature–compensated conductivity is determined via
mathematical algorithms (e.g., by application of Equation 5) in the microprocessor of the
transmitter. Depending on the application and knowledge of the content of the fluid, different
compensation algorithms may be available. For most process control applications, temperature
compensation is recommended because when the uncompensated conductivity changes it is
impractical to distinguish whether this change is caused by temperature fluctuation or a change
in ionic content. Temperature compensation allows the analyst to distinguish between changes
in temperature and ionic content. Compensation to a reference temperature of 25 C is standard
practice, but some methods specify temperature compensation to 20 C.
Most conductivity sensors have temperature devices such as a platinum RTD (resistance
temperature device) or NTC (negative temperature coefficient) thermistor embedded inside the
sensor, although external temperature measurement is possible.
OPERATIONAL CONSIDERATIONS
System Components
The three traditional components of a conductivity measurement system are the sensor, the
transmitter, and the cable that connects the sensor to the transmitter. The sensor is the
device that is in direct contact with the fluid. The sensor contains the electrodes, usually an
embedded temperature device, and a process connection (e.g., a tri-clamp if the sensor is
intended for in-process sanitary applications). Historically, sensors are passive
electromechanical devices and do not contain measurement circuitry. The transmitter is the
device that measures the resistance between the sensor's electrodes and the resistance of the
temperature-measuring device. The cable connects the sensor to the transmitter. The cable
allows the sensor to be attached to a process tank or pipe, and the transmitter can be located
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at a control panel or other remote location, if necessary. The distance between the sensor and
the transmitter may affect measurement accuracy caused by the added cable resistance and
the susceptibility of the cable to external noise. Therefore, this distance should be considered
during selection of the measurement system. In some conductivity measurement systems, the
measurement circuitry is directly attached to the conductivity sensor, allowing digital transfer
of the measurement to a remote display at greater distances than conventional analog
measurement systems.
Materials of Construction
The sensor's materials of construction are critical when the sensor may be in contact directly
or indirectly with the product. For most laboratory applications, materials of construction are
less critical. All sensors contain measuring electrodes and an insulating material between the
electrodes. Technically, the only requirements are for electrodes to be electrically conducting
and to be able to withstand the physical and chemical environment. Electrodes can be made of
various grades of stainless steel, titanium, graphite, and many other metals. The insulating
materials must isolate the electrodes from each other so that only the fluid conductivity is
measured. Insulating materials are usually made of an inert polymer, epoxy, or ceramic.
If the sensor is connected directly to a process vessel or the piping system, then the sensor's
materials of construction must meet the thermal and hydraulic (pressure) requirements of the
process system. The sensor must have a proper process connection to the vessel/piping.
Depending on the application, the sensor also may be required to meet biological compatibility,
material, or hygienic design requirements. The sensor must not degrade during installation and
operation. The sensor must be able to withstand any other processes that the system may
encounter such as clean-in-place or steam-in-place processes. Otherwise analysts may need
to remove the sensor from the process. When immersion of the sensor into the process places
the process at risk, the sensor should be installed in a housing that is attached to the
sidestream. In this case, a fraction of process fluid flows to the housing and sensor and then to
drain. This allows indirect measurement of the process fluid without harm to the process or
product.
If the conductivity measurement is performed off-line, e.g., in a laboratory environment, then
the operating considerations are reduced because the thermal, hydraulic, and other productcontact concerns are reduced or eliminated.
CALIBRATION
Although the specific details vary by supplier, the process of calibrating a complete
conductivity measurement system generally consists of three parts. First, the transmitter's
electronic circuitry is calibrated. Second, the temperature sensor device is calibrated. Third,
the cell constant of the conductivity sensor is calibrated. In most cases for microprocessorcontrolled instrumentation, there is no formal mechanical or electronic adjustment of these
subsystems. Instead, these adjustments are usually made in software-controlled calibrations
that are computed automatically by the transmitter.
Analysts must use a calibrated transmitter in order to calibrate the temperature sensor and cell
constant. The transmitter used to calibrate the sensor can be the transmitter used in normal
operation, but another transmitter can be used instead. Because of differences in a supplier's
wiring and electronic compatibility, it may be necessary to use the same type of transmitter.
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As is the case for all instrument-based methods, calibration frequency depends on many
factors. Depending on the type of conductivity sensor and transmitter, calibration cycles vary
from weekly to annually based on manufacturers' recommendations, historical performance of
the instrumentation, internal requirements, and the criticality of the application. For robust
process instrumentation, typical calibration cycles for the electronics and the sensor take place
approximately every 12 months. When the sensor's cell constant can be altered by the fluid or
the process conditions, more frequent calibration may be needed.
Instrument Calibration
Analysts begin calibration of the transmitter's electronic circuitry by disconnecting the sensor
from the transmitter and connecting precision resistors (resistors of known value) to the
transmitter. The resistors should be traceable to a competent national authority. The
resistance values must be selected so that they are in the range of (1) the measurement
capability of the transmitter, and (2) the resistance that will be measured during operation. The
transmitter may have multiple circuits internally, so verification of the appropriate circuit (or all
circuits) and measurement range is necessary. Comparison of the measured resistance to the
actual resistance verifies if the transmitter is properly calibrated. The resulting difference must
be within a predetermined x1% of the actual resistance, where x1 indicates the desired
conductivity circuit electronics performance. Typical conductivity circuit electronics
performance is usually in the range of 2% or less of the target value. Otherwise, adjustment of
the resistance measurement circuit is recommended.
An example of the transmitter electronic calibration process follows: A typical operating range
for a clean-in-place process may be in the 50–75 mS/cm range. A sensor with a nominal cell
constant of 5.0 cm–1 is used in this example. Based on Equation 4, this requires a measuring
resistance of 67–100 W. To verify the conductivity measuring circuit during calibration, analysts
should use traceable resistor(s) with a value in or near this range. When compendial waters are
used, typical measurements are in the range of 1–20 MW–cm and use sensors with a cell
constant of 0.1 cm–1. This computes to a resistance of 0.1–2 MW. Traceable resistor(s) with a
value in this range should be used. If the recorded values are within the range of the preestablished acceptance criteria (x1%), then adjustment is not required.
Temperature Measurement and Sensor Calibration
If a temperature measurement circuit is integrated into the transmitter and is used as part of
the measurement system, then verification and/or calibration of this circuit is required.
Depending on the type of temperature device in the sensor, an appropriate signal source (e.g.,
resistance) should be input to the transmitter. Comparison of the measured temperature and
the simulated temperature verifies if the temperature measurement circuit is properly
calibrated. The resulting difference must be within x2 C of the simulated temperature where x2
indicates the desired temperature circuit electronics performance. Typical temperature circuit
electronics performance usually is in the range of ±1 C or less. If the difference meets the preestablished acceptance criteria, no further action is required. Otherwise, adjustment of the
temperature measurement circuit is recommended using the protocol in the transmitter's
calibration function.
If a temperature sensor is integrated into the conductivity sensor, the temperature sensor can
be calibrated by comparison of the sensor's temperature measurement to a reference system.
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This is accomplished by immersing the process and reference sensors in the same fluid. The
reference system can be another traceable temperature measurement device or a system of
known temperature such as boiling water (corrected for elevation, if this degree of accuracy is
necessary) or an ice-water bath.
The accuracy of the calibration is related to the accuracy of the reference sensor, the thermal
homogeneity of the fluid, and the elimination or reduction of any artifacts that can negatively
influence accuracy. For example, if the sensor is not fully immersed in the fluid, thermal
conduction from the ambient environment can alter the temperature measurement. Careful
insulation of the sensor from the ambient environment may improve the accuracy of
temperature measurements.
Comparison of the measured temperature and the reference temperature verifies if the
temperature sensor is properly calibrated. The resulting difference must be within x3 C of the
reference temperature where x3 indicates the desired temperature accuracy that is required for
the process. Temperature sensor accuracy is usually in the range of ±2 C or less. If the
difference meets the pre-established acceptance criteria, no further action is required.
Otherwise, adjustment of the temperature sensor calibration factors is recommended using the
protocol in the sensor's calibration function.
Cell Constant Calibration
The cell constant of the sensor is calibrated by comparing the conductivity measurement to
that from a reference conductivity system. This is done by placing the sensor in a solution of
known conductivity that is traceable to a competent authority. The reference solution can be a
solution of known conductivity in one of three ways:
1. The solution can be produced according to a standard method that is traceable to a
competent authority. One method is to prepare one of the solutions listed in ASTM
D1125.
2. The solution can be procured from a third-party supplier with traceability to an
acceptable authority. Cell constant calibration should be performed in the recommended
temperature range of the reference solution.
3. The solution can be immersed in any fluid whose conductivity is known by measurement
from an alternative and traceable reference conductivity measurement system.
In all three cases, regardless of the type of calibration methodology, there are some
fundamental requirements. The sensor should be calibrated at a conductivity that is in the
measurement range of the measuring system. For example, if the system is designed to
measure in the 0–100 µS/cm range, then use of a 1000 µS/cm reference solution is not
advised.
Because the cell constant is a geometrical property of the sensor and is a constant, the
determination and/or calibration of the cell constant does not need to be in the operational
range of the pharmaceutical process as long as the conductivity is in the operational range of
the measurement system. Also, because the cell constant is a geometrical property of the
sensor, a single-point calibration typically is sufficient. In some applications, a 2-point
calibration can provide improved accuracy at very high conductivity. Depending on the
reference solution, cell constant calibration can be performed with or without temperature
compensation. For reference solutions exceeding 10 µS/cm, if temperature compensation is
needed a temperature coefficient ( ) of 2%/ C is sufficient over the range of 25 ± 10 C unless
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otherwise specified.
Adjustment of the cell constant calibration factor is recommended if the difference between
the measured and reference conductivity exceeds x4% of the reference conductivity where x4
indicates the conductivity accuracy that is required for the process. Typical conductivity
accuracy is 5% or less. If the accuracy measurement meets the pre-established acceptance
criteria, no further action is required. Otherwise, adjustment of the sensor's cell constant is
recommended using the protocol within the sensor's calibration function.
OPERATION
In-line, At-line, and Off-line Measurements
Depending on the application, in-line, at-line, and off-line measurements have specific universal
requirements. Each has advantages and disadvantages depending on the application, but the
fundamental technologies (AC measurement) supporting each measurement type are constant.
The primary differences between the in-line/at-line and the off-line systems are sensor
features related to process robustness and transmitter features related to output functions,
external communication capabilities, and system installation costs. In-line and at-line systems
have added benefits of real-time measurements and continuous data acquisition. They also
have added one-time electrical and plumbing installation costs, and the instrumentation is fixed
in a specific location for a single process and purpose. Also, sample is diverted to drain,
resulting in product loss. Note that the fluid flow velocity should be high enough that the
velocity does not affect the measurement. Off-line (or laboratory-based) systems have the
benefit of measuring many sample types under controlled conditions. Off-line batch testing has
added costs associated with cleaning containers and collecting samples as well as risks of
sample contamination.
In-line conductivity measurements are suitable when the following conditions are met: (1) there
is a need for or value of real-time, continuous data; (2) the sensor and the application/fluid are
compatible and cause no harm to each other; and (3) atmospheric contamination must be
avoided. In these cases, continuous process control, decisions, and intervention are available.
At-line (or sidestream) conductivity measurements are used when the following conditions are
met: (1) a need exists for or value of real-time, continuous data; (2) the sensor and the
application are compatible with each other; (3) the sensor can cause harm to the application
and/or fluid; and (4) atmospheric contamination must be avoided. In such cases the
measurement is made by delivering the sample from the tank/piping using hydraulic pressure
(flow) to the conductivity sensor, and the fluid passes through the sensor and goes to drain. In
these cases, continuous process control, decisions, and intervention are available and have no
affect on product or application. The only requirement is positive pressure upstream from the
sensor to prevent backstreaming of the sample fluid back into the process.
Off-line conductivity measurements are used when the following conditions are met: (1) no
need exists for or value of real-time or continuous data; (2) the sensor and the application are
compatible with each other, but the sensor can cause harm to the application and/or fluid; and
(3) sampling needs are infrequent or are needed on a limited basis.
Sample Preparation and Off-line Measurement
When performing off-line measurements, analysts must ensure that the container used to
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collect the fluid sample(s) is sufficiently clean so that the container does not alter the result.
Collect an amount of fluid needed for rinsing and measuring. For samples such as Purified Water
where the analysis can be affected by gasses, containers should be filled completely to reduce
headspace. The volume of fluid needed to make a measurement depends on the design of the
sensor and can range from < 10 mL to 1 L. Transfer a portion of the sample fluid to the clean
measuring container to rinse the container walls. Discard the fluid. The sample container also
can be used as the measuring vessel. The sensor should be rinsed with a suitable quality of
water or other appropriate fluid before use so the measurement is not affected and then rinsed
at least once with the solution to be measured, which then is discarded. This rinse with sample
solution removes any residue or fluids with which the conductivity sensor previously was in
contact. The exact procedure varies depending on the solution tested. For example, when
testing very low conductivity samples such as Purified Water, analysts must do more rinsing to
remove any remaining residue from the sensor. Maximum holding time, temperature, and
container type must be controlled for some low-conductivity samples, e.g., high-purity waters,
because of the potential impact of ionic leachables from certain containers.
Transfer the fluid to the measuring container, immerse the sensor into the fluid, and ensure
acceptable clearance around the sensor's measurement area. Stir or agitate the sample to
prevent bubbles from attaching to the electrodes and disturbing the measurement. If a
temperature-compensated measurement is used, then select the appropriate temperature
compensation algorithm in the transmitter, and adjust the sample temperature to the
recommended range, if necessary, using an appropriate temperature bath. Otherwise, disable
the temperature compensation. Verify that the temperature is sufficiently stable (< 0.25 C
change per min), and record the conductivity reading and the temperature, if necessary.
In-line Measurement
For in-line testing, the sensor is installed into the process piping or vessel. The orientation of
the sensor relative to the flow of the fluid is critical to ensure that (1) particles and sediment
do not collect between the measuring electrodes, and (2) no air pockets are trapped between
the measuring electrodes. Both factors can adversely affect the measurement accuracy.
Depending on the electrode design, manufacturers usually provide recommendations. Ensure the
sensor is clean before installation.
After the sensor is immersed in the closed process, such as a piping system or tank, the sensor
does not require removal and cleaning before a measurement. If a temperature-compensated
measurement is used, then select the appropriate temperature compensation algorithm.
Otherwise, disable the temperature compensation. Although temperature stability is desirable, it
may not be possible depending on the temperature control of the process. Record the
conductivity reading and the temperature, if necessary.
At-line Measurement
For at-line testing, a piece of tubing is used to connect the process vessel/piping to the sensor
and its housing. The tubing should be cleaned or flushed with an appropriate cleaning agent to
remove any impurities that could alter the conductivity measurement. The tubing can be made
of metal or plastic depending on the application and chemical compatibility. Installation of the
sensor into a housing permits fluid to be directed into the sensor and then to drain. Installation
considerations are similar to those for in-line installations. Ensure the sensor and housing are
clean before installation.

PF 37(3): May-Jun. 2011

136

After the sensor and housing are connected to the sidestream, the sensor does not require
removal and cleaning before a measurement. If a temperature-compensated measurement is
used, then select the appropriate temperature-compensation algorithm. Otherwise, disable the
temperature compensation. Although temperature stability is desirable, it may not be possible
depending on the temperature control of the process. Record the conductivity reading and the
temperature, if necessary.
Other Considerations
In all cases mentioned above, the use of abrasive materials to clean the sensor typically is
discouraged. Two reasons to avoid abrasive cleaning materials are that (1) the passive layer of
stainless steel sensors (when used) can be destroyed, and (2) the surface of the measurement
area can affect the measurement accuracy. For these reasons, the use of appropriate
chemically compatible fluids is preferred instead of mechanical methods for cleaning.
Unlike the requirements for many electrochemical measurements, the need for flowing,
circulating, or agitating fluid is not a fundamental requirement for a conductivity measurement.
In general, there is no difference in the conductivity measurement of a static or a flowing
sample, but two conditions must be met for static samples: First, bubbles cannot be allowed to
collect on the measuring area of the electrodes because they can interfere with the flow of
current conductivity measurement. Second, if sample homogeneity is affected by the lack of
agitation or circulation, then the conductivity measurement may not represent the conductivity
of the bulk fluid.
In all cases, the installation of the sensor should take into consideration wall effects from the
vessel, piping, or laboratory container. If the proximity of the wall interferes with the
electromagnetic field for the conductivity measurement, then the measurement could be
positively or negatively altered. Some 2-electrode sensor designs, such as coaxial concentric
electrodes, are not affected by nearby objects. The sensor's installation instructions may
indicate if this must be considered.
If unstable conductivity readings are observed, some common causes could be inadequate
grounding of the water system, electronic noise from pumps and other high-frequency
generators, or internal leakage of the sensor. Various diagnostic approaches are available and
can help identify the cause.
1S (USP35)

BRIEFING
1-Hydroxybenzotriazole Hydrate, page 4768 of the First Supplement to USP 34. It is
proposed to delete this reagent, an explosive, because it is no longer available in several
countries, including the United States and Canada.
(HDQ: M. Marques.)

Correspondence Number—C101699

Comment deadline: July 31, 2011
Delete the following:
1-Hydroxybenzotriazole Hydrate, C6 H5 N3 O·xH2 O—135.13 (anhydrous) [123333-53-9]—
White, crystalline powder. Sparingly soluble in alcohol yielding a clear, pale yellow solution.
1S (USP35)

BRIEFING
Pancreatic Digest of Casein, USP 34 page 935 and page 4777 of the First Supplement to
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USP 34. It is proposed to update the specification of this reagent.
( HDQ: M. Marques.)
Correspondence Number—C101617

Comment deadline: July 31, 2011
Change to read:
Pancreatic Digest of Casein (a bacteriological peptone; Tryptone)—A grayish-yellow powder,
having a characteristic, but not putrescent, odor. Freely soluble in water; insoluble in alcohol
and in ether. The casein used in preparation of this digest meets the following specifications:
Residue on ignition
not more than 2.5%
Loss on drying
not more than 8%
Free acid (as lactic acid) not more than 0.25%
Fat
not more than 0.5%
Reducing sugars
not more than a trace
Fineness
all passes through a 20-mesh sieve
Degree of digestion—Dissolve 1 g in 10 mL of water.
(a) Overlay 1 mL of the digest solution with 0.5 mL of a solution of 1 mL of glacial acetic acid
in 10 mL of diluted alcohol: no ring or precipitate forms at the junction of the two liquids, and
when shaken no turbidity results (indicating the absence of undigested casein).
(b) Mix 1 mL of the digest solution with 4 mL of a saturated solution of zinc sulfate: a
moderate amount of precipitate is formed (indicating the presence of proteoses). Filter, and
retain the filtrate.
(c) To 1 mL of the filtrate from the preceding test add 3 mL of water, and follow with 1 drop of
bromine TS: a violet-red color is produced, indicating the presence of tryptophane.
1S (USP35)

Nitrogen content (Reagent test)—Determine by the Kjeldahl method: using a test specimen
previously dried at 105 to constant weight: not less than 10.0% is found. 9.0%–14.0% is
found. 1S (USP35)
Loss on drying

731 —Dry it at 100 to constant weight: it loses NMT 7.0% of its weight.

Residue on ignition
75 mg (15%).

281 —Ignite 500 mg with 1 mL of sulfuric acid: the residue weighs NMT

Nitrite—To 5 mL of a solution of the digest (1 in 50) add 0.5 mL of sulfanilic- -naphthylamine
TS, mix, and allow to stand for 15 minutes: no pink or red color develops.
1S (USP35)

Microbial content—Dissolve 1 g in 10 mL of water. Spread 0.01 mL on one square centimeter of
a glass slide. Stain by the Gram method, and examine with an oil-immersion lens: not more than
a total of 50 microorganisms, or clumps, are visible in 10 consecutive fields. NMT 10,000 cfu/g.
1S (USP35)

Bacteriological test—The digest meets the following tests for bacteria-nutrient properties.
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1S (USP35)

Prepare media medium 1S (USP35)
of the following compositions
(a) 2% of digest, in water;
(b) 0.1% of digest, in water;
(c) 1% of digest, 0.5% of sodium chloride, 0.5% of dextrose, in water;
(d) 1% of digest, in water;
(e) 2% of digest, 0.5% of sodium chloride, 1.5% of agar, in water.
: 2% of digest, 0.5% of sodium chloride, and 1.5% of agar in purified water.

1S (USP35)

Adjust all media 1S (USP35)
with diluted hydrochloric acid or diluted sodium hydroxide to a pH of 7.2–7.4. Autoclave at 121
for 15 min.

1S (USP35)

Freedom from fermentable carbohydrate—To medium (a) add sufficient phenolsulfonphthalein
TS to give a readable color, place in Durham fermentation tubes, and autoclave. Inoculate with
a loop of 24-hour culture of Escherichia coli: no acid, or only a trace in the inner tube, and no
gas are produced during incubation for 48 hours.
Production of indole—Inoculate 5 mL of medium (b) with Escherichia coli, incubate for 24 hours,
and test by addition of about 0.5 mL of p-dimethylaminobenzaldehyde TS: it shows a distinct
pink or red color which is soluble in chloroform.
Production of acetylmethylcarbinol—Inoculate 5 mL of medium (c) with Aerobacter aerogenes,
and incubate for 24 hours. Test by adding to the culture an equal volume of sodium hydroxide
solution (1 in 10), shake, and allow to stand at room temperature for several hours:
appearance of a pink color indicates the presence of acetylmethylcarbinol.
Production of hydrogen sulfide—Inoculate 5 mL of medium (d) with Salmonella typhosa. Hold a
strip or loop of lead acetate test paper between the cotton plug and the mouth of the test
tube so that it hangs about 5 cm above the medium. After incubation for 24 hours, the lower
tip of the lead acetate test paper shows little if any darkening. After 48 hours, it shows an
appreciable amount of brownish blackening (lead sulfide).
1S (USP35)

Growth-supporting properties—In the foregoing tests the media support good growth of
Escherichia coli, Aerobacter aerogenes, and Salmonella typhosa. Medium (e) stab-inoculated
with a stock culture of Brucella abortus shows good growth in the line of the stab after
incubation for 48 hours. Slants of medium (e), inoculated with Escherichia coli, Aerobacter
aerogenes, Salmonella typhosa, Pseudomonas aeruginosa, Staphylococcus aureus, and
Staphylococcus albus, show characteristic growth after incubation for 24 hours. Medium (e), to
which about 5% of sheep blood or of rabbit blood has been added and which has been
inoculated and poured into Petri dishes, shows characteristic alpha or beta zones about
colonies of pneumococci and beta hemolytic streptococci (serological groups A and B),
recognizable within 24 hours and fully developed after 48 hours of incubation. Medium (e), to
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which about 10% of blood has been added and which then has been heated to 80 to 90 until
the blood has turned chocolate-brown, permits the growth of gonococcus colonies within 48
hours when incubated in an atmosphere containing about 10% of carbon dioxide. Slants of the
above medium, inoculated with Escherichia coli ATCC 25922, Enterobacter aerogenes ATCC
13048, Salmonella enterica ATCC 14028, Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 25923, and Staphylococcus epidermidis ATCC 12228, show
characteristic growth after incubation for 24 h.
The above medium, to which 5% of sheep blood or rabbit blood has been added, and which has
been inoculated and poured into Petri dishes, shows characteristic alpha or beta zones around
colonies of Streptococcus pneumoniae ATCC 6305 and Streptococcus pyogenes ATCC 49117,
recognizable within 24 h and fully developed after 48 h of incubation.
The above medium, to which 10% of sheep blood or rabbit blood has been added, and which
then has been heated to 80 –90 until the blood has turned chocolate-brown, permits the
growth of Neisseria gonorrhoeae ATCC 19424 colonies within 48 h when incubated in an
atmosphere containing 10% of carbon dioxide. 1S (USP35)
BRIEFING
Platinic Chloride, page 4782 of the First Supplement to USP 34. It is proposed to correct
the CAS number of this reagent.
(HDQ: M. Marques.)
Correspondence Number— C100884

Comment deadline: July 31, 2011
Change to read:
Platinic Chloride (Chloroplatinic Acid), H2 PtCl6 ·6H2 O—517.90
7] 1S (USP35)
—Use ACS reagent grade Chloroplatinic Acid.

[16941-12-1]

[18497-13-

BRIEFING
L7, USP 34 page 982. It is proposed to update the description of this packing to
accommodate new columns.
(HDQ: M. Marques.)
Correspondence Number—C100340

Comment deadline: July 31, 2011
Change to read:
L7—Octylsilane chemically bonded to totally porous or superficially porous
silica particles, 1.5–10 µm in diameter, or a monolithic silica rod.

1S (USP35)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 4828 of the First Supplement to
USP 34, and PF 37(2) [Mar.–Apr. 2011].
(HDQ.)
Correspondence Number—C87751; C89600; C91875; C93128; C93985
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The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Monograph Title
Add the following:
Abacavir Tablets
Acebutolol Hydrochloride Capsules
Acepromazine Maleate Tablets
Acetaminophen Capsules
Acetaminophen Tablets, Extended-Release
Acetaminophen Tablets
Acetaminophen and Aspirin Tablets
Acetaminophen, Aspirin, and Caffeine Tablets
Acetaminophen and Caffeine Tablets
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Capsules Containing at Least Three of the
Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Tablets Containing at Least Three of the Following
—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Capsules Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Tablets Containing at Least Three of the Following—
Acetaminophen, Chlorpheniramine Maleate, and Dextromethorphan
Hydrobromide Tablets
Acetaminophen and Codeine Phosphate Capsules
Acetaminophen and Codeine Phosphate Tablets
Acetaminophen and Diphenhydramine Citrate Tablets
Acetaminophen, Diphenhydramine Hydrochloride, and Pseudoephedrine
Hydrochloride Tablets
Acetaminophen and Pseudoephedrine Hydrochloride Tablets
Acetaminophen and Tramadol Hydrochloride Tablets
Acetazolamide Tablets
Acetohexamide Tablets
Acetohydroxamic Acid Tablets
Acitretin Capsules

Container
Specification
W 1S (USP34)
T
T, LR
T
T
T
T
T
T

T

T
T
T
T
T, LR
T, LR
T
T
T
T
T
W
T
W, LR
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Acyclovir Capsules
Acyclovir Tablets
Albendazole Tablets
Albuterol Tablets
Alendronate Sodium Tablets
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T
T
T
T, LR
T

Add the following:
Alfuzosin Hydrochloride Extended-Release Tablets
Allopurinol Tablets
Alprazolam Tablets

T,
LR 2S (USP34)
W
T, LR

Add the following:
Alprazolam Tablets, Extended-Release
Altretamine Capsules
Alumina and Magnesia Tablets
Alumina, Magnesia, and Calcium Carbonate Tablets
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets
Alumina, Magnesia, and Simethicone Tablets
Alumina and Magnesium Carbonate Tablets
Alumina, Magnesium Carbonate, and Magnesium Oxide Tablets
Alumina and Magnesium Trisilicate Tablets
Aluminum Carbonate Gel, Dried Basic, Capsules
Aluminum Carbonate Gel, Dried Basic, Tablets
Aluminum Hydroxide Gel, Dried, Capsules
Aluminum Hydroxide Gel, Dried, Tablets
Amantadine Hydrochloride Capsules
Amiloride Hydrochloride Tablets
Amiloride Hydrochloride and Hydrochlorothiazide Tablets
Aminobenzoate Potassium Capsules
Aminobenzoate Potassium Tablets
Aminocaproic Acid Tablets
Aminoglutethimide Tablets
Aminopentamide Sulfate Tablets
Aminophylline Tablets
Aminophylline Tablets, Delayed-Release
Aminosalicylate Sodium Tablets
Aminosalicylic Acid Tablets
Amitriptyline Hydrochloride Tablets
Amlodipine Besylate Tablets
Ammonium Chloride Tablets, Delayed-Release
Amodiaquine Hydrochloride Tablets
Amoxapine Tablets
Amoxicillin Capsules
Amoxicillin Tablets

T,
LR 1S (USP34)
T, LR
W
W
W
W
T
T
W
W
W
W
W
T
W
W
W
W
T
T, LR
W
T
T
T, LR
T, LR
W
T, LR
T
T
W
T
T
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Amoxicillin and Clavulanate Potassium Tablets
Amphetamine Sulfate Tablets
Ampicillin Capsules
Ampicillin Tablets

T
W
T
T

Add the following:
Anagrelide Capsules
Anileridine Hydrochloride Tablets
Apomorphine Hydrochloride Tablets
Arginine Capsules
Arginine Tablets

T
T,
T,
T,
T,

Add the following:
Artemether and Lumefantrine Tablets
Ascorbic Acid Tablets
Aspirin Capsules
Aspirin Capsules, Delayed-Release
Aspirin Tablets
Aspirin Tablets, Buffered
Aspirin Tablets, Delayed-Release
Aspirin Tablets, Effervescent for Oral Solution
Aspirin Tablets, Extended-Release
Aspirin, Alumina, and Magnesia Tablets
Aspirin, Alumina, and Magnesium Oxide Tablets
Aspirin, Caffeine, and Dihydrocodeine Bitartrate Capsules
Aspirin and Codeine Phosphate Tablets
Aspirin, Codeine Phosphate, Alumina, and Magnesia Tablets
Astemizole Tablets
Atenolol Tablets
Atenolol and Chlorthalidone Tablets
Atropine Sulfate Tablets
Azatadine Maleate Tablets
Azathioprine Tablets
Azithromycin Capsules
Azithromycin Tablets
Bacampicillin Hydrochloride Tablets
Baclofen Tablets
Add the following:
Balsalazide Disodium Capsules
Barium Sulfate Tablets
Belladonna Extract Tablets
Benazepril Hydrochloride Tablets
Bendroflumethiazide Tablets
Benzonatate Capsules

2S (USP34)

LR
LR
LR
LR

W, LR
2S (USP34)

T, LR
T
T
T
T
T
T
T
T
T
T
W, LR
W, LR
T
W
W
W
W
LR
W
T
T
W
T USP34
W
T, LR
W
T
T, LR
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Benztropine Mesylate Tablets
Beta Carotene Capsules
Betamethasone Tablets
Betaxolol Tablets
Bethanechol Chloride Tablets
Bicalutamide Tablets
Biperiden Hydrochloride Tablets
Bisacodyl Tablets
Bisacodyl Tablets, Delayed-Release
Bismuth Subsalicylate Tablets
Bisoprolol Fumarate Tablets
Bisoprolol Fumarate and Hydrochlorothiazide Tablets
Black Cohosh Tablets
Bromocriptine Mesylate Capsules
Bromocriptine Mesylate Tablets
Brompheniramine Maleate Tablets
Bumetanide Tablets
Bupropion Hydrochloride Tablets, Extended-Release
Buspirone Hydrochloride Tablets
Busulfan Tablets
Butabarbital Sodium Tablets
Butalbital, Acetaminophen, and Caffeine Capsules
Butalbital, Acetaminophen, and Caffeine Tablets
Butalbital and Aspirin Tablets
Butalbital, Aspirin, and Caffeine Capsules
Butalbital, Aspirin, and Caffeine Tablets
Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules
Cabergoline Tablets
Calcifediol Capsules
Calcium with Vitamin D Tablets
Calcium Acetate Tablets
Calcium Carbonate Tablets
Calcium Carbonate and Magnesia Tablets
Calcium Carbonate and Magnesia Chewable Tablets
Calcium Citrate Tablets
Calcium and Magnesium Carbonates Tablets
Calcium Gluconate Tablets
Calcium Lactate Tablets
Calcium Pantothenate Tablets
Calcium Phosphate, Dibasic Tablets
Capecitabine Tablets
Captopril Tablets
Captopril and Hydrochlorothiazide Tablets
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W
T,
T
T
T
T
T
T
W
T
T,
W
T,
T,
T,
T
T,
W
T,
W
W
T
T
T
T
T
T,
T,
T,
T,
W
W
W
W
W
W
W
T
T
W
T
T
T

LR

LR
LR
LR
LR
LR
LR

LR
LR
LR
LR

PF 37(3): May-Jun. 2011

Carbamazepine Tablets
Carbamazepine Tablets, Extended-Release
Carbenicillin Indanyl Sodium Tablets
Carbidopa and Levodopa Tablets
Add the following:
Carbidopa and Levodopa Tablets, Extended-Release
Carbinoxamine Maleate Tablets
Urea C14 Capsules
Carboxymethylcellulose Sodium Tablets
Carisoprodol Tablets
Carisoprodol and Aspirin Tablets
Carisoprodol, Aspirin, and Codeine Phosphate Tablets
Carprofen Tablets
Carteolol Hydrochloride Tablets
Carvedilol Tablets
Cascara Tablets
Castor Oil Capsules
Cat's Claw Capsules
Cat's Claw Tablets
Cefaclor Capsules
Cefaclor Chewable Tablets
Cefaclor Tablets, Extended-Release
Cefadroxil Capsules
Cefadroxil Tablets
Cefdinir Capsules
Cefixime Tablets
Cefpodoxime Proxetil Tablets
Cefprozil Tablets
Cefuroxime Axetil Tablets
Cephalexin Capsules
Cephalexin Tablets
Cephradine Capsules
Cephradine Tablets

144

T
T
T
W, LR
W,
LR 2S (USP34)
T, LR
T
T
W
W
W
T
T
T, LR
T, W
T
T, LR
T, LR
T
T
T, LR
T
T
T, LR
T
T
T
W
T
T
T
T

Add the following:
Cetirizine Hydrochloride Tablets

W

Add the following:
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Chloral Hydrate Capsules
Chlorambucil Tablets
Chloramphenicol Capsules
Chloramphenicol Tablets

W USP34
T
W, LR
T
T

2S (USP34)
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Chlordiazepoxide Tablets
Chlordiazepoxide and Amitriptyline Hydrochloride Tablets
Chlordiazepoxide Hydrochloride Capsules
Chlordiazepoxide Hydrochloride and Clidinium Bromide Capsules
Chloroquine Phosphate Tablets
Chlorothiazide Tablets
Chlorpheniramine Maleate Capsules, ExtendedRelease
Chlorpheniramine Maleate Tablets
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Capsules, ExtendedRelease
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Tablets, ExtendedRelease
Chlorpheniramine Maleate and Pseudoephedrine Hydrochloride Capsules,
Extended-Release
Chlorpromazine Hydrochloride Tablets
Chlorpropamide Tablets
Chlortetracycline Hydrochloride Tablets
Chlorthalidone Tablets
Chlorzoxazone Tablets
Chlorzoxazone and Acetaminophen Capsules
Chondroitin Sulfate Sodium Tablets
Chromium Picolinate Tablets
Cimetidine Tablets
Cilostazol Tablets
Cinoxacin Capsules
Ciprofloxacin Tablets
Citalopram Tablets
Clarithromycin Tablets
Clarithromycin Tablets, Extended-Release
Clemastine Fumarate Tablets
Clindamycin Hydrochloride Capsules
Clofazimine Capsules
Clofibrate Capsules
Clomiphene Citrate Tablets
Clomipramine Hydrochloride Capsules
Clonazepam Tablets
Clonazepam Orally Disintegrating Tablets
Clonidine Hydrochloride Tablets
Clonidine Hydrochloride and Chlorthalidone Tablets
Clopidogrel Tablets
Clorazepate Dipotassium Tablets
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T,
T,
T,
T,
W
W

LR
LR
LR
LR

T
T

T, LR

T, LR
T, LR
W, LR
W
T, LR
W
T
T
T, LR
W
T, LR
T, LR
W
W
W
T
W
W
T
W
W, LR
W
W
T, LR
W, LR
W
W
W
T, LR
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Clotrimazole Vaginal Tablets
Red Clover Tablets
Cloxacillin Sodium Capsules
Clozapine Tablets
Cyanocobalamin Co 57 Capsules
Cyanocobalamin Co 58 Capsules
Cocaine Hydrochloride Tablets for Topical Solution
Codeine Phosphate Tablets
Codeine Sulfate Tablets
Colestipol Hydrochloride Tablets
Cortisone Acetate Tablets
Add the following:
Crypthecodinium cohnii Oil Capsules
Curcuminoids Capsules
Curcuminoids Tablets
Cromolyn Sodium for Inhalation (in Capsules)
Cyclizine Hydrochloride Tablets
Cyclobenzaprine Hydrochloride Tablets
Cyclophosphamide Tablets
Cycloserine Capsules
Cyclosporine Capsules
Cyproheptadine Hydrochloride Tablets
Danazol Capsules
Dantrolene Sodium Capsules
Dapsone Tablets
Dehydrocholic Acid Tablets
Demeclocycline Hydrochloride Capsules
Demeclocycline Hydrochloride Tablets
Desipramine Hydrochloride Tablets
Desogestrel and Ethinyl Estradiol Tablets
Dexamethasone Tablets
Dexchlorpheniramine Maleate Tablets
Dextroamphetamine Sulfate Capsules
Dextroamphetamine Sulfate Tablets
Diazepam Capsules
Diazepam Capsules, Extended-Release
Diazepam Tablets
Diazoxide Capsules
Dichlorphenamide Tablets
Diclofenac Potassium Tablets
Diclofenac Sodium Tablets, Delayed-Release
Diclofenac Sodium Tablets, Extended-Release
Dicloxacillin Sodium Capsules

146

W
T, LR
T
W
W, LR
W, LR
W, LR
W, LR
W
T
W
T,
LR 2S (USP34)
W, LR
W, LR
T, LR
T, LR
W
T
T
T
W
W
T
W, LR
W
T, LR
T, LR
T
W
W
T
T
W
T, LR
T, LR
T, LR
W
W
T, LR
T, LR
W
T
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Dicyclomine Hydrochloride Capsules
Dicyclomine Hydrochloride Tablets
Didanosine Tablets for Oral Suspension
Diethylcarbamazine Citrate Tablets
Diethylpropion Hydrochloride Tablets
Diethylstilbestrol Tablets
Diflunisal Tablets
Digitalis Capsules
Digitalis Tablets
Digitoxin Tablets
Digoxin Tablets
Dihydrotachysterol Capsules
Dihydrotachysterol Tablets
Dihydroxyaluminum Sodium Carbonate Tablets
Diltiazem Hydrochloride Tablets
Diltiazem Hydrochloride Capsules, ExtendedRelease
Dimenhydrinate Tablets
Add the following:
Diphenhydramine Citrate and Ibuprofen Tablets
Diphenhydramine Hydrochloride Capsules
Diphenhydramine and Pseudoephedrine Capsules
Diphenoxylate Hydrochloride and Atropine Sulfate Tablets
Dipyridamole Tablets
Dirithromycin Tablets, Delayed-Release
Disopyramide Phosphate Capsules
Disopyramide Phosphate Capsules, ExtendedRelease
Disulfiram Tablets
Add the following:
Divalproex Sodium Capsules, Delayed-Release
Divalproex Sodium Tablets, Delayed-Release
Add the following:
Divalproex Sodium Tablets, Extended-Release
Docusate Calcium Capsules
Docusate Potassium Capsules
Docusate Sodium Capsules
Docusate Sodium Tablets
Dolasetron Mesylate Tablets
Add the following:
Donepezil Hydrochloride Tablets
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W
W
T
T
W
W
W
T
T
W
T
W, LR
W, LR
W
T, LR
T
W
T 1S (USP35)
T
T
W, LR
T, LR
T
W
W
T, LR
T,
LR 1S (USP34)
T, LR
W 1S (USP34)
T
T
T
W
W
W

1S (USP34)
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Add the following:
Donepezil Hydrochloride Orally Disintegrating Tablets
Doxazosin Tablets
Doxepin Hydrochloride Capsules
Doxycycline Capsules
Doxycycline Hyclate Capsules
Doxycycline Hyclate Capsules, DelayedRelease
Doxycycline Hyclate Tablets
Doxycycline Hyclate Tablets, Delayed-Release
Doxylamine Succinate Tablets
Dronabinol Capsules
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W 1S (USP34)
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
W, LR
W, LR

Add the following:
Drospirenone and Ethinyl Estradiol Tablets
Dydrogesterone Tablets
Dyphylline Tablets
Dyphylline and Guaifenesin Tablets

W
W
T
T

2S (USP34)

Add the following:
Efavirenz Capsules
Enalapril Maleate Tablets
Enalapril Maleate and Hydrochlorothiazide Tablets

W
W
W

1S (USP34)

Add the following:
Entacapone Tablets
Ephedrine Sulfate Capsules
Ergocalciferol Capsules
Ergocalciferol Tablets
Ergoloid Mesylates Capsules
Ergoloid Mesylates Tablets
Ergoloid Mesylates Tablets, Sublingual
Ergonovine Maleate Tablets
Ergotamine Tartrate Tablets
Ergotamine Tartrate Tablets, Sublingual
Ergotamine Tartrate and Caffeine Tablets
Erythromycin Capsules, Delayed-Release
Erythromycin Tablets
Erythromycin Tablets, Delayed-Release
Erythromycin Estolate Capsules
Erythromycin Estolate Tablets
Erythromycin Ethylsuccinate Tablets
Erythromycin Stearate Tablets

LR 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
W
W, LR
W, LR
W, LR
T
T
T
T
T
T
T

Add the following:
Escitalopram Tablets

W

2S (USP34)
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Add the following:
Esomeprazole Magnesium Delayed-Release Capsules

T

Add the following:
Estazolam Tablets
Estradiol Tablets
Estradiol and Norethindrone Acetate Tablets
Estrogens, Conjugated Tablets
Estrogens, Esterified Tablets
Estropipate Tablets
Ethacrynic Acid Tablets
Ethambutol Hydrochloride Tablets
Ethchlorvynol Capsules
Ethinyl Estradiol Tablets
Ethionamide Tablets
Ethosuximide Capsules
Ethotoin Tablets
Ethynodiol Diacetate and Ethinyl Estradiol Tablets
Ethynodiol Diacetate and Mestranol Tablets
Etidronate Disodium Tablets
Etodolac Capsules
Etodolac Tablets
Etodolac Tablets, Extended-Release
Famotidine Tablets

T, LR
T, LR
W
W
W
W
W
W
T, LR
W
W
T
T
W
W
T
T
T
W
W, LR

Add the following:
Felbamate Tablets
Felodipine Tablets, Extended-Release
Fenofibrate Capsules
Fenoprofen Calcium Capsules
Fenoprofen Calcium Tablets
Ferrous Fumarate Tablets
Ferrous Fumarate and Docusate Sodium Tablets, Extended-Release
Ferrous Gluconate Capsules
Ferrous Gluconate Tablets
Ferrous Sulfate Tablets
Fexofenadine Hydrochloride Capsules
Fexofenadine Hydrochloride Tablets
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Finasteride Tablets
Fish Oil Containing Omega-3 Acids Capsules
Add the following:
Fish Oil Containing Omega-3 Acids Delayed-Release Capsules

1S (USP35)

USP35

W 1S (USP35)
T
W
W
W
T
W
T
T
T
T, LR
W
W
T, LR
T, LR
T, LR

USP35
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Flavoxate Hydrochloride Tablets
Flecainide Acetate Tablets
Fluconazole Tablets
Flucytosine Capsules
Fludrocortisone Acetate Tablets
Fluoxetine Capsules
Fluoxetine Capsules, Delayed-Release
Fluoxetine Tablets
Fluoxymesterone Tablets
Fluphenazine Hydrochloride Tablets
Flurazepam Hydrochloride Capsules
Flurbiprofen Tablets
Flutamide Capsules
Fluvastatin Capsules
Fluvoxamine Maleate Tablets
Folic Acid Tablets
Fosinopril Sodium Tablets
Fosinopril Sodium and Hydrochlorothiazide Tablets
Furazolidone Tablets
Furosemide Tablets
Gabapentin Capsules
Gabapentin Tablets
Galantamine Tablets
Garlic Tablets, Delayed-Release
Gemfibrozil Capsules
Gemfibrozil Tablets
Ginger Capsules
Ginkgo Capsules
Ginkgo Tablets
American Ginseng Capsules
American Ginseng Tablets
Asian Ginseng Capsules
Asian Ginseng Tablets
Glimepiride Tablets
Glipizide Tablets
Glipizide and Metformin Hydrochloride Tablets
Glucosamine Tablets
Glucosamine and Chondroitin Sulfate Tablets
Glucosamine and Methylsulfonylmethane Tablets
Glucosamine, Chondroitin Sulfate Sodium, and Methylsulfonylmethane
Tablets
Glyburide Tablets
Glyburide and Metformin Hydrochloride Tablets
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W, LR
W
W
T, LR
W
T, LR
T
T
W
T, LR
T, LR
W
W, LR
T, LR
T
W
T
T
T, LR
W, LR
W
W
W
T
T
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
W
T
W
T, LR
T, LR
T, LR
T, LR
W
T, LR
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Glycopyrrolate Tablets
Granisetron Hydrochloride Tablets
Griseofulvin Capsules
Griseofulvin Tablets
Griseofulvin, Ultramicrosize Tablets
Guaifenesin Capsules
Guaifenesin Tablets
Guaifenesin and Pseudoephedrine Hydrochloride Capsules
Guaifenesin, Pseudoephedrine Hydrochloride, and Dextromethorphan
Hydrobromide Capsules
Guanabenz Acetate Tablets
Guanadrel Sulfate Tablets
Guanethidine Monosulfate Tablets
Guanfacine Tablets
Guggul Tablets
Halazone Tablets for Solution
Haloperidol Tablets
Hexylresorcinol Lozenges
Homatropine Methylbromide Tablets
Hydralazine Hydrochloride Tablets
Add the following:
Hydrochlorothiazide Capsules
Hydrochlorothiazide Tablets
Hydrocodone Bitartrate Tablets
Hydrocodone Bitartrate and Acetaminophen Tablets
Hydrocodone Bitartrate and Homatropine Methylbromide Tablets
Hydrocortisone Tablets
Hydroflumethiazide Tablets
Hydromorphone Hydrochloride Tablets
Hydroxychloroquine Sulfate Tablets
Hydroxyurea Capsules
Hydroxyzine Hydrochloride Tablets
Hydroxyzine Pamoate Capsules
Hyoscyamine Tablets
Hyoscyamine Sulfate Tablets
Ibuprofen Tablets
Ibuprofen and Pseudoephedrine Hydrochloride Tablets
Imipramine Hydrochloride Tablets
Indapamide Tablets
Indomethacin Capsules
Indomethacin Capsules, Extended-Release
Sodium Iodide I 123 Capsules
Sodium Iodide I 131 Capsules
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T
W, LR
T
T
W
T
T
T, LR
T, LR
T, LR
T, LR
W
T, LR
W, LR
T, LR
T, LR
W
T, LR
T, LR
W 1S (USP34)
W
T, LR
T, LR
T, LR
W
T
T, LR
T, LR
T
T
W
W, LR
T, LR
W
T
T
W
W
W
W
W
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Iodoquinol Tablets
Iopanoic Acid Tablets
Ipodate Sodium Capsules
Irbesartan Tablets
Irbesartan and Hydrochlorothiazide Tablets
Isoniazid Tablets
Isopropamide Iodide Tablets
Isoproterenol Hydrochloride Tablets
Isosorbide Dinitrate Capsules, ExtendedRelease
Isosorbide Dinitrate Tablets
Isosorbide Dinitrate Tablets, Chewable
Isosorbide Dinitrate Tablets, Extended-Release
Isosorbide Dinitrate Tablets, Sublingual
Isosorbide Mononitrate Tablets
Isosorbide Mononitrate Tablets, ExtendedRelease
Isotretinoin Capsules
Isoxsuprine Hydrochloride Tablets
Isradipine Capsules
Ivermectin Tablets
Ivermectin and Pyrantel Pamoate Tablets
Kanamycin Sulfate Capsules
Ketoconazole Tablets

152

W
T, LR
T
W
W
W, LR
W
W, LR
W
W
W
W
W
T
T
T
T
T
W
T, LR
T
W

Add the following:
Ketoprofen Capsules
Ketoprofen Capsules, Extended-Release
Ketorolac Tromethamine Tablets
Labetalol Hydrochloride Tablets
Lamivudine and Zidovudine Tablets

T USP35
T
W
T, LR
W, LR

Add the following:
Lamotrigine Tablets
Lansoprazole Capsules, Delayed-Release

W
T

Add the following:
Lamotrigine Tablets for Oral Suspension
Leflunomide Tablets
Letrozole Tablets
Leucovorin Calcium Tablets
Levamisole Hydrochloride Tablets

T, LR
T, LR
T
W, LR
W

Add the following:
Levetiracetam Tablets
Levocarnitine Tablets

T
T

USP34

USP35

USP34
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Levodopa Capsules
Levodopa Tablets
Levonorgestrel and Ethinyl Estradiol Tablets
Levorphanol Tartrate Tablets
Levothyroxine Sodium Tablets
Lincomycin Hydrochloride Capsules
Alpha Lipoic Acid Capsules
Alpha Lipoic Acid Tablets
Liothyronine Sodium Tablets
Liotrix Tablets
Lisinopril Tablets
Lisinopril and Hydrochlorothiazide Tablets
Lithium Carbonate Capsules
Lithium Carbonate Tablets
Lithium Carbonate Tablets, Extended-Release
Loperamide Hydrochloride Capsules
Loracarbef Capsules
Loratadine Tablets

T, LR
T, LR
W
W
T, LR
T
W
W
T
T
T
W
W
W
W
W
W
T

Add the following:
Loratadine and Pseudoephedrine Sulfate Tablets, Extended-Release

LR

Add the following:
Loratadine Orally Disintegrating Tablets
Lorazepam Tablets
Losartan Potassium Tablets
Losartan Potassium and Hydrochlorothiazide Tablets
Lovastatin Tablets
Loxapine Capsules
Lysine Hydrochloride Tablets
Magaldrate Tablets
Magaldrate and Simethicone Tablets
Magnesia Tablets
Magnesia and Alumina Tablets
Magnesium Gluconate Tablets
Magnesium Oxide Capsules
Magnesium Oxide Tablets
Magnesium Salicylate Tablets
Magnesium Trisilicate Tablets
Maprotiline Hydrochloride Tablets
Mazindol Tablets
Mebendazole Tablets
Mecamylamine Hydrochloride Tablets
Meclizine Hydrochloride Tablets

T 2S (USP34)
T, LR
T, LR
T, LR
W
T
W
W
W
W
W
W
W
W
T
W
W
T
W
W
W

2S (USP34)
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Meclofenamate Sodium Capsules
Medroxyprogesterone Acetate Tablets
Mefenamic Acid Capsules
Add the following:
Mefloquine Hydrochloride Tablets
Megestrol Acetate Tablets
Meloxicam Tablets
Melphalan Tablets
Menadiol Sodium Diphosphate Tablets
Meperidine Hydrochloride Tablets
Mephenytoin Tablets
Mephobarbital Tablets
Meprobamate Tablets
Mercaptopurine Tablets
Mesalamine Capsules, Extended-Release
Mesalamine Tablets, Delayed-Release
Mesoridazine Besylate Tablets
Metaproterenol Sulfate Tablets
Metformin Hydrochloride Tablets
Metformin Hydrochloride Tablets, Extended-Release
Methacycline Hydrochloride Capsules
Methadone Hydrochloride Tablets
Methamphetamine Hydrochloride Tablets
Methazolamide Tablets
Methdilazine Hydrochloride Tablets
Methenamine Tablets
Methenamine Hippurate Tablets
Methenamine Mandelate Tablets
Methenamine Mandelate Tablets, DelayedRelease
Methimazole Tablets
Methocarbamol Tablets
Methotrexate Tablets
Methoxsalen Capsules
Methscopolamine Bromide Tablets
Methsuximide Capsules
Methyclothiazide Tablets
Methylcellulose Tablets
Methyldopa Tablets
Methyldopa and Chlorothiazide Tablets
Methyldopa and Hydrochlorothiazide Tablets
Methylergonovine Maleate Tablets
Methylphenidate Hydrochloride Tablets
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T, LR
W
T
T,
LR 1S (USP34)
W
W
W, LR
W, LR
W, LR
W
W
W
W
T, LR
T
W, LR
W, LR
T
W, LR
T, LR
W
T, LR
W
T, LR
W
W
W
W
W, LR
T
W
T, LR
T
T
W
W
W
W
W
T, LR
T
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Methylphenidate Hydrochloride Tablets,
Extended-Release
Methylprednisolone Tablets
Methylsulfonylmethane Tablets
Methyltestosterone Capsules
Methyltestosterone Tablets
Methysergide Maleate Tablets
Metoclopramide Tablets
Metolazone Tablets
Metoprolol Succinate Tablets, ExtendedRelease
Metoprolol Tartrate Tablets
Metoprolol Tartrate and Hydrochlorothiazide Tablets
Metronidazole Capsules
Metronidazole Tablets
Metyrapone Tablets
Metyrosine Capsules
Mexiletine Hydrochloride Capsules
Add the following:
Midodrine Hydrochloride Tablets
Minerals Capsules
Minerals Tablets
Minocycline Hydrochloride Capsules
Minocycline Hydrochloride Tablets
Minoxidil Tablets
Mirtazapine Tablets
Mirtazapine Orally Disintegrating Tablets
Mitotane Tablets
Modafinil Tablets
Molindone Hydrochloride Tablets
Moricizine Hydrochloride Tablets
Morphine Sulfate Capsules, Extended-Release
Add the following:
Morphine Sulfate Tablets, Extended-Release
Mycophenolate Mofetil Capsules
Mycophenolate Mofetil Tablets
Nabumetone Tablets
Nadolol Tablets
Nadolol and Bendroflumethiazide Tablets
Nafcillin Sodium Capsules
Nafcillin Sodium Tablets
Nalidixic Acid Tablets
Naltrexone Hydrochloride Tablets
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T
T
T, LR
W
W
T
T, LR
T, LR
T
T, LR
T, LR
W, LR
W, LR
T, LR
W
T
W 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T
T, LR
LR
T, LR
T
T, LR
T
T, LR
T,
LR 2S (USP34)
W, LR
W, LR
W
T
T
T
T, LR
T
T
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Naproxen Tablets
Naproxen Tablets, Delayed-Release
Naproxen Sodium Tablets
Naratriptan Tablets
Nateglinide Tablets
Nefazodone Hydrochloride Tablets
Neomycin Sulfate Tablets
Neostigmine Bromide Tablets
Nevirapine Tablets
Niacin Tablets
Niacinamide Tablets
Nifedipine Capsules
Nifedipine Tablets, Extended-Release
Nitrofurantoin Capsules
Nitrofurantoin Tablets
Nitroglycerin Tablets
Nitroglycerin Tablets, Sublingual
Norethindrone Tablets
Norethindrone and Ethinyl Estradiol Tablets
Norethindrone and Mestranol Tablets
Norethindrone Acetate Tablets
Norethindrone Acetate and Ethinyl Estradiol Tablets
Norfloxacin Tablets
Norgestimate and Ethinyl Estradiol Tablets
Norgestrel Tablets
Norgestrel and Ethinyl Estradiol Tablets
Nortriptyline Hydrochloride Capsules
Nystatin Tablets
Nystatin Vaginal Tablets
Ofloxacin Tablets
Olanzapine Tablets
Oleovitamin A and D Capsules

W
W
W
T
T
T
T
T
W
W
T
T, LR
T, LR
T
T, LR
T
T
W
W
W
W
W
W
W
W
W
T
T, LR
W, LR
W
T, LR
T, LR

Add the following:
Olanzapine and Fluoxetine Capsules

T

Add the following:
Omega-3 Acids Ethyl Esters Capsules
Omeprazole Capsules, Delayed-Release
Ondansetron Tablets
Ondansetron Orally Disintegrating Tablets
Orbifloxacin Tablets

T 1S (USP35)
T, LR
T, LR
L, R
T

Add the following:
Orlistat Capsules

T

1S (USP34)

2S (USP34)
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Orphenadrine Citrate Tablets, Extended-Release
Oseltamivir Phosphate Capsules
Oxacillin Sodium Capsules
Oxandrolone Tablets
Oxaprozin Tablets
Oxazepam Capsules
Oxazepam Tablets
Add the following:
Oxcarbazepine Tablets
Oxprenolol Hydrochloride Tablets
Oxprenolol Hydrochloride Tablets, ExtendedRelease
Oxtriphylline Tablets
Oxtriphylline Tablets, Delayed-Release
Oxtriphylline Tablets, Extended-Release
Oxybutynin Chloride Tablets
Oxybutynin Chloride Tablets, ExtendedRelease
Oxycodone Hydrochloride Tablets
Oxycodone Hydrochloride Tablets, ExtendedRelease
Oxycodone and Acetaminophen Capsules
Oxycodone and Acetaminophen Tablets
Oxycodone and Aspirin Tablets
Oxymetholone Tablets
Oxytetracycline Tablets
Oxytetracycline and Nystatin Capsules
Oxytetracycline Hydrochloride Capsules
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Vaginal Tablets
Pancreatin Tablets
Pancrelipase Capsules
Pancrelipase Capsules, Delayed-Release
Pancrelipase Tablets
Pantoprazole Sodium Delayed-Release Tablets
Papain Tablets for Topical Solution
Papaverine Hydrochloride Tablets
Delete the following:
Paramethasone Acetate Tablets
Paromomycin Sulfate Capsules
Paroxetine Tablets
Penbutolol Sulfate Tablets
Penicillamine Capsules
Penicillamine Tablets
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T, LR
W
T
T, LR
T, LR
W
W
W 2S (USP34)
W, LR
W, LR
T
T
T
T, LR
T
T, LR
T,
T,
T,
T,
W
T,
T,
T,
W
T
T
T
T
W
T,
T

LR
LR
LR
LR
LR
LR
LR

LR

W USP34
T
T
W, LR
T
T
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Penicillin G Benzathine Tablets
Penicillin G Potassium Tablets
Penicillin V Tablets
Penicillin V Potassium Tablets
Pentazocine and Acetaminophen Tablets
Pentazocine and Aspirin Tablets
Pentazocine and Naloxone Tablets

T
T
T
T
T, LR
T, LR
T, LR

Delete the following:
Pentobarbital Sodium Capsules
Pentoxifylline Tablets, Extended-Release
Perphenazine Tablets
Perphenazine and Amitriptyline Hydrochloride Tablets
Phenazopyridine Hydrochloride Tablets
Phendimetrazine Tartrate Capsules
Phendimetrazine Tartrate Tablets
Phenelzine Sulfate Tablets
Phenmetrazine Hydrochloride Tablets
Phenobarbital Tablets
Phenoxybenzamine Hydrochloride Capsules
Phensuximide Capsules
Phentermine Hydrochloride Capsules
Phentermine Hydrochloride Tablets
Phenylbutazone Tablets
Phenylpropanolamine Hydrochloride Capsules
Phenylpropanolamine Hydrochloride Capsules, Extended-Release
Phenylpropanolamine Hydrochloride Tablets
Phenylpropanolamine Hydrochloride Tablets, Extended-Release
Phenytoin Tablets
Phenytoin Sodium Capsules, Extended
Phenytoin Sodium Capsules, Prompt
Phytonadione Tablets
Pilocarpine Hydrochloride Tablets
Pimozide Tablets
Pindolol Tablets

T 1S (USP34)
W
T, LR
W
T
T
W
T
T
W
W
T
T
T
T
T, LR
T, LR
T, LR
T, LR
W
T
T
W, LR
T
T, LR
W, LR

Add the following:
Pioglitazone Tablets
Piperazine Citrate Tablets
Piroxicam Capsules
Potassium Bicarbonate Effervescent Tablets for Oral Solution
Potassium Bicarbonate and Potassium Chloride Effervescent Tablets for
Oral Solution
Potassium and Sodium Bicarbonates and Citric Acid Effervescent Tablets
for Oral Solution

T USP34
T
T, LR
T
T
T
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Potassium Chloride Capsules, Extended-Release
Potassium Chloride Tablets, Extended-Release
Potassium Chloride, Potassium Bicarbonate, and Potassium Citrate
Effervescent Tablets for Oral Solution
Potassium Citrate Tablets
Potassium Citrate Tablets, Extended-Release
Potassium Gluconate Tablets
Potassium Iodide Tablets
Potassium Iodide Tablets, Delayed-Release
Potassium Perchlorate Capsules
Pravastatin Sodium Tablets
Praziquantel Tablets
Prazosin Hydrochloride Capsules
Prednisolone Tablets
Prednisone Tablets
Primaquine Phosphate Tablets
Primidone Tablets
Probenecid and Colchicine Tablets
Probucol Tablets
Procainamide Hydrochloride Capsules
Procainamide Hydrochloride Tablets
Procarbazine Hydrochloride Capsules
Prochlorperazine Maleate Tablets
Procyclidine Hydrochloride Tablets
Promazine Hydrochloride Tablets
Promethazine Hydrochloride Tablets
Propantheline Bromide Tablets
Propoxyphene Hydrochloride Capsules
Propoxyphene Hydrochloride and Acetaminophen Tablets
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules
Propoxyphene Napsylate Tablets
Propoxyphene Napsylate and Acetaminophen Tablets
Propoxyphene Napsylate and Aspirin Tablets
Propranolol Hydrochloride Capsules, Extended-Release
Propranolol Hydrochloride Tablets
Propranolol Hydrochloride and Hydrochlorothiazide Capsules, ExtendedRelease
Propranolol Hydrochloride and Hydrochlorothiazide Tablets
Propylthiouracil Tablets
Protriptyline Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets, Extended-Release
Pygeum Capsules

159

T
T
T
W
T
T
T
T
T, LR
T
T
W, LR
W
W
W, LR
W
W, LR
W, LR
T
T
T, LR
W
T
T, LR
T, LR
W
T
T
T
T
T
T
W
W, LR
W
W
W
T
T
T
T
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Pyrazinamide Tablets
Pyridostigmine Bromide Tablets
Pyridoxine Hydrochloride Tablets
Pyrilamine Maleate Tablets
Pyrimethamine Tablets
Pyrvinium Pamoate Tablets
Quazepam Tablets
Quinapril Tablets
Quinidine Gluconate Tablets, Extended-Release
Quinidine Sulfate Capsules
Quinidine Sulfate Tablets
Quinidine Sulfate Tablets, Extended-Release
Quinine Sulfate Capsules
Quinine Sulfate Tablets
Raloxifene Hydrochloride Tablets
Ramipril Capsules
Ranitidine Tablets
Rauwolfia Serpentina Tablets
Reserpine Tablets
Reserpine and Chlorothiazide Tablets
Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets
Reserpine and Hydrochlorothiazide Tablets

W
T
W
W
T, LR
T, LR
W
W
W, LR
T, LR
W, LR
W, LR
T
W
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR

Add the following:
Ribavirin Capsules
Ribavirin Tablets
Riboflavin Tablets
Rifabutin Capsules
Rifampin Capsules
Rifampin and Isoniazid Capsules
Rifampin, Isoniazid, and Pyrazinamide Tablets
Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride Tablets
Riluzole Tablets
Rimantadine Hydrochloride Tablets
Risedronate Sodium Tablets

W 2S (USP34)
T
T, LR
W
T, LR
T, LR
T, LR
T, LR
W, LR
T, LR
W

Add the following:
Risperidone Orally Disintegrating Tablets
Risperidone Tablets
Ritodrine Hydrochloride Tablets

W, LR
T, LR
T

Add the following:
Rivastigmine Tartrate Capsules

T

USP34

Add the following:
Ropinirole Tablets

W

1S (USP34)

USP35
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Saccharin Sodium Tablets
Salsalate Capsules
Salsalate Tablets
Saquinavir Capsules
Saw Palmetto Capsules
Add the following:
Schizochytrium Oil Capsules
Scopolamine Hydrobromide Tablets
Secobarbital Sodium Capsules
Secobarbital Sodium and Amobarbital Sodium Capsules
Selegiline Hydrochloride Tablets
Sennosides Tablets
Add the following:
Sertraline Tablets
Simethicone Capsules
Simethicone Tablets
Simvastatin Tablets
Sodium Bicarbonate Tablets
Sodium Chloride Tablets
Sodium Chloride Tablets for Solution
Sodium Chloride and Dextrose Tablets
Sodium Fluoride Tablets
Sodium Salicylate Tablets
Sotalol Hydrochloride Tablets
Soy Isoflavones Capsules
Soy Isoflavones Tablets
Spironolactone Tablets
Spironolactone and Hydrochlorothiazide Tablets
Stanozolol Tablets
Stavudine Capsules
Sulfadiazine Tablets
Sulfadimethoxine Tablets
Sulfadoxine and Pyrimethamine Tablets
Sulfamethizole Tablets
Sulfamethoxazole Tablets
Sulfamethoxazole and Trimethoprim Tablets
Sulfapyridine Tablets
Sulfasalazine Tablets
Sulfasalazine Tablets, Delayed-Release
Sulfinpyrazone Capsules
Sulfinpyrazone Tablets
Sulfisoxazole Tablets

161

W
T
T
T
T, LR
T,
LR 2S (USP34)
T, LR
T
W
T, LR
W
W USP34
W
W
T
W
W
W
W
T
W
W, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T
W, LR
T, LR
W, LR
W
W, LR
W, LR
W, LR
W
W
W
W
W, LR
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Sulindac Tablets
Sumatriptan Tablets

W
W

Add the following:
Tacrolimus Capsules
Tamoxifen Citrate Tablets
Tamsulosin Hydrochloride Capsules
Telmisartan Tablets

T 2S (USP34)
W, LR
T
W

Add the following:
Telmisartan and Hydrochlorothiazide Tablets
Temazepam Capsules

W 1S (USP34)
W, LR

Add the following:
Terazosin Capsules

W,
LR 1S (USP34)

Add the following:
Terazosin Tablets

W,
LR 1S (USP34)

Add the following:
Terbinafine Tablets
Terbutaline Sulfate Tablets
Testolactone Tablets
Tetracycline Hydrochloride Capsules
Tetracycline Hydrochloride Tablets
Tetracycline Hydrochloride and Novobiocin Sodium Tablets
Tetracycline Hydrochloride, Novobiocin Sodium, and Prednisolone Tablets
Tetracycline Hydrochloride and Nystatin Capsules
Thalidomide Capsules
Theophylline Capsules
Theophylline Capsules, Extended-Release
Theophylline Tablets
Theophylline, Ephedrine Hydrochloride, and Phenobarbital Tablets
Theophylline and Guaifenesin Capsules
Theophylline Sodium Glycinate Tablets
Thiabendazole Tablets
Thiamine Hydrochloride Tablets
Thiethylperazine Maleate Tablets
Thioguanine Tablets
Thioridazine Hydrochloride Tablets
Thiothixene Capsules
Thyroid Tablets
Ticlopidine Hydrochloride Tablets
Timolol Maleate Tablets
Timolol Maleate and Hydrochlorothiazide Tablets
Tizanidine Tablets

W, LR
T
T
T, LR
T, LR
T
T
T, LR
W
W
W
W
T
T
W
T
T, LR
T, LR
T
T, LR
W, LR
T
W
W
W, LR
T

USP34
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Tocainide Hydrochloride Tablets
Tolazamide Tablets
Tolazoline Hydrochloride Tablets
Tolbutamide Tablets
Tolcapone Tablets
Tolmetin Sodium Capsules
Tolmetin Sodium Tablets
Topiramate Tablets
Add the following:
Tramadol Hydrochloride Extended-Release Tablets
Tramadol Hydrochloride Tablets
Tranylcypromine Tablets
Trazodone Hydrochloride Tablets
Triamcinolone Tablets
Triamterene Capsules
Triamterene and Hydrochlorothiazide Capsules
Triamterene and Hydrochlorothiazide Tablets
Triazolam Tablets
Trichlormethiazide Tablets
Trientine Hydrochloride Capsules
Trifluoperazine Hydrochloride Tablets
Triflupromazine Hydrochloride Tablets
Trihexyphenidyl Hydrochloride Capsules,
Extended-Release
Trihexyphenidyl Hydrochloride Tablets
Trimeprazine Tartrate Tablets
Trimethobenzamide Hydrochloride Capsules
Trimethoprim Tablets
Trioxsalen Tablets
Tripelennamine Hydrochloride Tablets
Triple Sulfa Vaginal Tablets
Triprolidine Hydrochloride Tablets
Triprolidine and Pseudoephedrine Hydrochlorides Tablets
Trisulfapyrimidines Tablets
Troleandomycin Capsules
Ubidecarenone Capsules
Ubidecarenone Tablets
Ursodiol Capsules
Ursodiol Tablets
Add the following:
Valacyclovir Tablets
Valerian Tablets
Valganciclovir Tablets

163

W
T
W
W
T
T
W
T
T USP35
T
W
T, LR
W
T, LR
T, LR
T, LR
T, LR
T
T
W, LR
W, LR
T
T
W, LR
W
T, LR
W, LR
W
W, LR
T, LR
T, LR
W
T
T, LR
T, LR
W
W
T 2S (USP34)
T, LR
T
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Valproic Acid Capsules

T

Add the following:
Valsartan Tablets
Valsartan and Hydrochlorothiazide Tablets
Vancomycin Hydrochloride Capsules

T
T
T

Add the following:
Venlafaxine Tablets

W

1S (USP35)

USP34

Add the following:
Verapamil Hydrochloride Capsules, Extended-Release
Verapamil Hydrochloride Tablets
Verapamil Hydrochloride Tablets, Extended-Release
Vitamin A Capsules

T,
LR 1S (USP35)
T, LR
T, LR
T, LR

Add the following:
Vitamin A Tablets
Vitamin E Capsules
Oil-Soluble Vitamins Capsules
Oil-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins Capsules
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins with Minerals Tablets
Warfarin Sodium Tablets
Zalcitabine Tablets

T,
LR 2S (USP34)
T
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR

Add the following:
Zaleplon Capsules
Zidovudine Capsules
Zidovudine Tablets
Zinc Citrate Tablets
Zinc Gluconate Tablets
Zinc Sulfate Tablets
Zolpidem Tartrate Tablets
Zolpidem Tartrate Tablets, Extended-Release
Add the following:
Zonisamide Capsules

LR 2S (USP34)
T, LR
T, LR
W
T, LR
W
W
W
T,
LR 1S (USP34)

BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 34 page 994, page 266 of
PF 29(1) [Jan.–Feb. 2003], page 188 of PF 35(1) [Jan.–Feb. 2009], page 1343 of PF 35(5)
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[July–Aug. 2009], page 1571 of PF 35(6) [Nov.–Dec. 2009], page 271 of PF 36(1) [Jan.–Feb.
2010], page 578 of PF 36(2) [Mar.–Apr. 2010], page 1039 of PF 36(4) [July–Aug. 2010], page
1396 of PF 36(5) [Sept.–Oct. 2010], page 1782 of PF 36(6) [Nov.–Dec. 2010], and PF 37(1)
[Jan.–Feb. 2011].
(HDQ.)
Correspondence Number—C46867
;
C69627
;
C70261
;
C91873
Add the following:
Felbamate: White to off-white powder. Freely soluble in dimethylsulfoxide; sparingly soluble
in methanol; slightly soluble in acetonitrile; very slightly soluble in water. 1S (USP35)
Add the following:
Olmesartan Medoxomil: White to off-white crytalline powder. Sparingly soluble in methanol;
practically insoluble in water. 1S (USP35)
Add the following:
Quetiapine Fumarate: White to off-white crystalline powder. Slightly soluble in water, in
anhydrous alcohol, and in methanol. 1S (USP35)
Add the following:
Sildenafil Citrate: White or almost white slightly hygroscopic crystalline powder. Slightly
soluble in water and in methanol; practically insoluble in hexane. 1S (USP35)
BRIEFING
Articaine Hydrochloride and Epinephrine Injection. Because there is no existing USP
monograph for this drug product, a new monograph, based on validated methods of analyses
is proposed. The liquid chromatographic procedure in the Assay for Articaine Hydrochloride
and in the test for Organic Impurities, Limit of Articaine Related Compounds is based on
analyses performed with the Symmetry C18 brand of L1 column. The typical retention time
for articaine is about 5.5 min. The liquid chromatographic procedure in the Assay for
Epinephrine and in the test for Organic Impurities, Limit of Epinephrine Related Compounds
is based on analyses performed with the Lichrospher RP8 brand of L7 column. The typical
retention time for epinephrine is about 5.8 min.
(SM4: H. Ramanathan, D. Vicchio.)
Correspondence Number—C73591

Comment deadline: July 31, 2011
Add the following:
Articaine Hydrochloride and Epinephrine Injection
DEFINITION
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Articaine Hydrochloride and Epinephrine Injection is a sterile solution of Articaine Hydrochloride
and Epinephrine, in Water for Injection, and contains NLT 95.0% and NMT 105.0% of the
labeled amount of articaine hydrochloride (C13 H20 N2 O3 S·HCl) and NLT 90.0% and NMT 115.0%
of the labeled amount of epinephrine (C9 H13 NO3 ).
IDENTIFICATION
• A. The retention times of the articaine and epinephrine peaks from the Sample solution
correspond to those of the Standard solution, as obtained in the Assays for Articaine
Hydrochloride and Epinephrine, respectively.
ASSAY
• Articaine Hydrochloride
Buffer: Glacial acetic acid and water (50:930). Adjust with 2 N sodium hydroxide to a pH of
3.4.
Mobile phase: Acetonitrile and Buffer (22:78)
Standard stock solution: 40 mg/mL of USP Articaine Hydrochloride RS in water
Standard solution: 0.8 mg/mL of USP Articaine Hydrochloride RS in Mobile phase from
Standard stock solution
Sample solution: Equivalent to 0.8 mg/mL of articaine hydrochloride in Mobile phase from a
portion of Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
Run time: 2.5 times the retention time of articaine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.2
Relative standard deviation: NMT 1.0%, from six injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of articaine hydrochloride
(C13 H20 N2 O3 S·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Articaine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of articaine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
• Epinephrine
Buffer: Mix 50 mL of glacial acetic acid and 930 mL of water. Adjust with 2 N sodium
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hydroxide to a pH of 3.4. In this solution, dissolve 1.2 g of sodium heptanesulfonate, and
add 1.0 mL of 0.1 M edetate disodium and 0.298 g of potassium chloride. Add 150 mL of
methanol.
Diluent: 0.5 mg/mL potassium metabisulfite in water
System suitability solution: 22 µg/mL of epinephrine from USP Epinephrine Bitartrate RS
and 20 µg/mL of norepinephrine from USP Norepinephrine Bitartrate RS in Diluent
Standard stock solution: 0.55 mg/mL of epinephrine from USP Epinephrine Bitartrate RS in
Diluent
Standard solution: Dilute a suitable volume of the Standard stock solution with Diluent to
obtain a final concentration of L mg/mL of epinephrine, where L is the label claim of
epinephrine in the Injection.
Sample solution: Use the Injection directly.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Electrochemical
Potential: +650 mV
Column: 4.0-mm × 25-cm; 5-µm packing L7
Column temperature: 28 ± 2
Flow rate: 1 mL/min
Injection size: 2 µL
Run time: 1.7 times the retention time of epinephrine
System suitability
Sample: System suitability solution
[NOTE—The relative retention times for norepinephrine and epinephrine are 0.90 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between the norepinephrine and epinephrine peaks
Tailing factor: NMT 2.0 for the epinephrine peak
Relative standard deviation: NMT 1.0% for the epinephrine peak, from six injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of epinephrine (C9 H13 NO3 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of epinephrine in the Standard solution (mg/mL)
C=
U nominal concentration of epinephrine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Deliverable Volume 698
For Articaine Hydrochloride and Epinephrine Injection packaged in single-dose

PF 37(3): May-Jun. 2011

168

containers: Meets the requirements
IMPURITIES
• Organic Impurities, Limit of Articaine Related Compounds
Mobile phase, Standard stock solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay for Articaine Hydrochloride.
Standard solution: 0.8 mg/mL of USP Articaine Hydrochloride RS from Standard stock
solution and 40 µg/mL of USP Articaine Related Compound B RS in Mobile phase
System suitability
Sample: Standard solution
[NOTE—See Table 1 for relative retention times.]
Suitability requirements
Tailing factor: NMT 2.2 for the articaine peak
Resolution: NLT 1.25 between the articaine related compound B and articaine peaks
Relative standard deviation: NMT 1.0% for the articaine peak
Analysis
Samples: Standard solution and Sample solution
[NOTE—Articaine related compounds elute at relative retention times of NMT 2.0 with
respect to the articaine peak.]
Calculate the percentage of articaine related compounds and any other individual impurity
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= response of each individual impurity from the Sample solution
rS= response of articaine from the Standard solution
C=
S concentration of articaine in the Standard solution (mg/mL)
C=
U nominal concentration of articaine in the Sample solution (mg/mL)
[NOTE—Disregard any peak below 0.05%.]
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Articaine related
compound B
0.6
0.5
Articaine
1.0
—
Any other individual
impurity
—
0.1
Total impurities
—
0.5
• Organic Impurities, Limit of Epinephrine Related Compounds
Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay
for Epinephrine.
Analysis
Samples: Standard solution and Sample solution
[NOTE—Epinephrine related compounds elute between relative retention times of 0.35 and
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1.0, with respect to the epinephrine peak.]
Calculate the percentage of epinephrine related compounds and any other individual
impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= response of each individual impurity from the Sample solution
rS= response of epinephrine from the Standard solution
C=
S concentration of epinephrine in the Standard solution (mg/mL)
C=
U nominal concentration of epinephrine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
0.46
0.52
1.0

Acceptance
Criteria,
NMT (%)
5
8
—

Name
Epinephrine sulfonatea
Specified impurity
Epinephrine
Any other individual
impurity
—
1
Total impurities
—
10
a 1-(3,4-Dihydroxyphenyl)-2-(methylamino)ethanesulfonic acid.
SPECIFIC TESTS
• pH

791 : 2.8–5.2

• Bacterial Endotoxin Test

85 : NMT 0.7 USP Endotoxin Unit/mg of articaine hydrochloride

• Sterility 71 : It meets the requirements when tested as directed for Test for Sterility of
the Product to be Examined, Membrane Filtration.
• Particulate Matter in Injections

788 : Meets the requirements

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.
Store at controlled room temperature.
• USP Reference Standards 11
USP Articaine Hydrochloride RS
USP Articaine Related Compound B RS
4-Methyl-3-{[2-(propylamino)propanoyl]amino}thiophene-2-carboxylic acid.
C12 H18 N2 O3 S
270.35
USP Endotoxin RS
USP Epinephrine Bitartrate RS
USP Norepinephrine Bitartrate RS
1S (USP35)

BRIEFING
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Azithromycin for Injection, USP 34 page 1969. On the basis of comments received, it is
proposed to revise the monograph as follows:
1.
The column efficiency criterion in the Assay is deleted. The remaining criteria are
adequate to evaluate system suitability.
2.
The test for Limit of Azithromycin N-oxide is replaced with a more suitable validated
procedure that can be used to determine desosaminylazithromycin and Ndemethylazithromycin. The procedure was validated using a Zirchrom-PBD brand of
L49 column. The typical retention time for azithromycin is 54 min.
3.
The test for Limit of Aminoazithromycin, Formamido Analog, Methylformamido Analog
and 3¢ -De(dimethylamino)-3¢ -oxoazithromycin was revised to indicate that it is to be
used only if these impurities are part of the manufacturer's impurity profile. The
column efficiency criterion in the procedure is deleted. The remaining criteria are
adequate to evaluate system suitability. Chemical names are added to Table 2 to
assist with impurity identification. Relative retention times for process impurities are
added to Table 2 to assist in peak identification. Process impurities are controlled in
the drug substance monograph and are not to be reported in the drug product.
4.
The USP Reference Standards section was updated to add the chemical name, formula,
and molecular weight for USP Desosaminylazithromycin RS.
(SM1: A. Wise.)
Correspondence Number—C92487

Comment deadline: July 31, 2011
Azithromycin for Injection
DEFINITION
Azithromycin for Injection is a sterile, dry mixture of azithromycin and a suitable stabilizing
agent. It contains NLT 90.0% and NMT 110.0% of the labeled amount of azithromycin
(C38 H72 N2 O12 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 6.7 mg/mL of dibasic potassium phosphate in water
Mobile phase: Acetonitrile and Buffer (52:48). Adjust with 10 N potassium hydroxide to a
pH of 11.0 ± 0.1.
Diluent: Acetonitrile and water (52:48)
System suitability solution: 1 mg/mL each of USP Azaerythromycin A RS and USP
Azithromycin RS in a mixture of acetonitrile and water (52:48). Dissolve first in
acetonitrile, and then dilute with water to volume.
Standard solution: 1 mg/mL of USP Azithromycin RS in a mixture of acetonitrile and water
(52:48). Dissolve first in acetonitrile, and dilute with water to volume.
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Sample solution: Equivalent to 1 mg/mL of azithromycin from Azithromycin for Injection in
Diluent prepared as follows: reconstitute 3 vials individually as directed in the labeling. Mix
the contents of all the reconstituted vials. Dilute a portion of the mixture with Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Columns
Guard: 4.6-mm × 1-cm; 5-µm packing L67
Analytical: 4.6-mm × 15-cm; 5-µm packing L67
Temperature
Column: 40
Autosampler: 15
Flow rate: 1 mL/min
Injection size: 15 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for azaerythromycin A and azithromycin are 0.68 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.5 between azaerythromycin A and azithromycin, System suitability
solution
Column efficiency: NLT 1500 theoretical plates, Standard solution
1S (USP35)

Tailing factor: NLT 0.9 and NMT 1.5, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of azithromycin (C38 H72 N2 O12 ) in the portion of Azithromycin for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Azithromycin RS in the Standard solution (mg/mL)
C=
U nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units
IMPURITIES

905 : Meets the requirements
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Delete the following:
• Organic Impurities, Procedure 1: Limit of Azithromycin N-oxide
Buffer: Prepare as directed for Organic impurities, Procedure 2.
Mobile phase: Acetonitrile and Buffer (23.5:76.5). Adjust with 5 N potassium hydroxide to
a pH of 11.0 ± 0.1.
Diluent: Acetonitrile and Buffer (23.5:76.5). Adjust with dilute phosphoric acid to a pH of
8.0 ± 0.1.
Standard stock solution: 0.6 mg/mL of USP Azithromycin RS in acetonitrile
Standard solution: 0.006 mg/mL of azithromycin in Diluent
System suitability solution: 0.0015 mg/mL of azithromycin N-oxide and 0.45 mg/mL of
azithromycin in Diluent.
Sample solution: Prepare as directed for Organic impurities, Procedure 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Amperometric electrochemical detector
Electrode: Dual series glassy carbon electrodes
Mode: Oxidative screen mode
Electrode 1: +0.70 ± 0.05V
Electrode 2: +0.82 ± 0.05V
Background current: 95 ± 25 nanoamperes
Guard column: 4.6-mm × 5-cm column; 5-µm packing L29
Column: 4.6-mm × 15-cm column; 5-µm packing L29
Flow rate: 0.4 mL/min
Injection size: 25 µL
Autosampler temperature: 15
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for azithromycin N-oxide and azithromycin are 0.38
and 1.0, respectively.]
Suitability requirements
Column efficiency: NLT 1000 theoretical plates, Standard solution
Tailing factor: NLT 0.9 and NMT 1.5, Standard solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of azithromycin N-oxide in the portion of Azithromycin for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of azithromycin N-oxide from the Sample solution
rS= peak response of azithromycin from the Standard solution
C=
S concentration of USP Azithromycin RS in the Standard solution (mg/mL)
C=
U nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
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1S (USP35)

Add the following:
[NOTE—The test for Limit of Azithromycin N-Oxide, Desosaminylazithromycin and NDemethylazithromycin does not quantify aminoazithromycin, formamido analog,
methylformamido analog, and 3¢-de(dimethylamino)-3¢-oxoazithromycin. If these impurities are
part of the impurity profile, the Limit of Aminoazithromycin, Formamido Analog,
Methylformamido Analog, and 3¢ -De(dimethylamino)-3¢ -oxoazithromycin test is recommended in
addition to the test for Limit of Azithromycin N-Oxide, Desosaminylazithromycin and NDemethylazithromycin.]
1S (USP35)

Add the following:
• Limit of Azithromycin N-Oxide, Desosaminylazithromycin and NDemethylazithromycin
Buffer: 3.5 g/L of dibasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (23:77). Adjust with 5 N potassium hydroxide to a
pH of 10.55 ± 0.05.
Standard stock solution: 50 µg/mL of USP Azithromycin N-oxide RS, 45 µg/mL of USP
Desosaminylazithromycin RS, and 160 µg/mL each of USP N-Demethylazithromycin RS and
USP Azithromycin RS in acetonitrile. Sonicate if necessary to dissolve.
Standard solution: 1 µg/mL of azithromycin N-oxide, 0.9 µg/mL of
desosaminylazithromycin, 3.2 µg/mL each of N-demethylazithromycin and azithromycin in
Mobile phase
Sample solution: Equivalent to 0.3 mg/mL of azithromycin in Mobile phase from
Azithromycin for Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Amperometric electrochemical detector
Electrode: Dual series glassy carbon electrodes
Mode: Oxidative screen mode
Electrode 1: +0.70 ± 0.05V
Electrode 2: +0.82 ± 0.05V
Background current: 95 ± 25 nanoamperes
Column: 4.6-mm × 15-cm; 3-µm packing L49
Flow rate: 1 mL/min
Injection size: 50 µL
Autosampler temperature: 5
System suitability
Sample: Standard solution
[NOTE—See Table 1 for relative retention times.]
Suitability requirements
Tailing factor: NMT 2.0 for azithromycin and NMT 2.6 for N-demethylazithromycin
Relative standard deviation: NMT 10.0% for azithromycin N-oxide,
desosaminylazithromycin, N-demethylazithromycin, and azithromycin
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Azithromycin for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each specified impurity from the Sample solution
rS= peak response of each specified impurity from the Standard solution
C=
S concentration of the relevant impurity Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 1. The reporting level for impurities is 0.05%.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Azithromycin N-oxidea
0.17
1.0
b
Desosaminylazithromycin
0.27
0.3
c
,
d
—
Erythromycin A oxime
0.35
N-Demethylazithromycine
0.50
1.0
c
,
f
—
Azaerythromycin A
0.85
Azithromycin
1.00
—
a (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl11-[[3,4,6-trideoxy-3-(dimethylazinoyl)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6azacyclopentadecan-15-one.
b (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
c These are process impurities that are listed here for information only. They are
controlled in the drug substance and are not to be reported here.
d (3R,4S,5S,6R,7R,9R,11S,12R,13S,14R,E)-6-[[3,4,6-Trideoxy-3-(dimethylamino)-d-xylo-hexopyranosyl]oxy]-14-ethyl-7,12,13-trihydroxy-4-[(2,6-dideoxy-3-C-methyl3-O-methyl- -l-ribo-hexopyranosyl)oxy]-10-(hydroxyimino)-3,5,7,9,11,13hexamethyloxacyclotetradecan-2-one.
e (2R,3S,4R,5R,8R,10R,11R,
12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3methylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
f 9-Deoxo-9a-aza-9a-homoerythromycin A.
1S (USP35)

Change to read:
• Organic Impurities, Procedure 2: Limit of Aminoazithromycin, Formamido Analog,
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Methylformamido Analog, and 3¢ -De(dimethylamino)-3¢ -oxoazithromycin (if
present) 1S (USP35)
Buffer: 3.5 g/mL of dibasic potassium phosphate in water
Mobile phase: Acetonitrile and Buffer (46:54). Adjust with 10 N potassium hydroxide to a
pH of 11.0 ± 0.1.
Diluent: Acetonitrile and water (46:54)
Blank: Use the Diluent.
Standard stock solution: 0.09 mg/mL of USP Desosaminylazithromycin RS, 0.21 mg/mL of
USP N-Demethylazithromycin RS, and 0.30 mg/mL of USP Azithromycin RS in acetonitrile
Standard solution: 0.0018 mg/mL of desosaminylazithromycin, 0.0042 mg/mL of Ndemethylazithromycin, and 0.006 mg/mL of azithromycin in Diluent
Sample solution: Equivalent to 0.6 mg/mL of azithromycin from Azithromycin for Injection
in Diluent. Reconstitute 3 vials individually, as directed in the labeling. Mix the contents of
all the reconstituted vials. Dilute a portion of the mixture with Diluent. The Sample
solution must be injected immediately after preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Amperometric electrochemical detector
Electrode: Dual series glassy carbon electrodes
Mode: Oxidative screen mode
Electrode 1: +0.70 ± 0.05V
Electrode 2: +0.82 ± 0.05V
Background current: 95 ± 25 nanoamperes
Columns
Guard: 4.6-mm × 1-cm; 5-µm packing L67
Analytical: 4.6-mm × 25-cm; 5-µm packing L67
Temperature
Column: 40
Autosampler: 15
Flow rate: 1 mL/min
Injection size: 25 µL
System suitability
Sample: Standard solution
[NOTE—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between desosaminylazithromycin and N-demethylazithromycin
Column efficiency: NLT 1500 for azithromycin
1S (USP35)

Tailing factor: NMT 1.5 for desosaminylazithromycin, N-demethylazithromycin, and
1S (USP35)

azithromycin
Relative standard deviation: NMT 5% for desosaminylazithromycin, Ndemethylazithromycin, and
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1S (USP35)

azithromycin
Analysis
Samples: Blank, Standard solution, and Sample solution
Disregard any peaks corresponding to those obtained from the Blank.
Calculate the percentage of desosaminylazithromycin in the portion of Azithromycin for
Injection taken:
Result = (rU /rS) × (CS/CU ) × P × 100
rU= peak response of desosaminylazithromycin from the Sample solution
rS= peak response of desosaminylazithromycin from the Standard solution
CS= concentration of USP Desosaminylazithromycin RS in the Standard solution (mg/mL)
C=
U nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Desosaminylazithromycin RS (mg/mg)
Calculate the percentage of N-demethylazithromycin in the portion of Azithromycin for
Injection taken:
Result = (rU /rS) × (CS/CU ) × P × 100
rU= peak response of N-demethylazithromycin from the Sample solution
rS= peak response of N-demethylazithromycin from the Standard solution
CS= concentration of USP N-Demethylazithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP N-Demethylazithromycin RS (mg/mg)
1S (USP35)

Calculate the percentage of any other related compound
each impurity 1S (USP34)
in the portion of Azithromycin for Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of azithromycin from the Standard solution
C=
S concentration of USP Azithromycin RS in the Standard solution (mg/mL)
C=
U nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria See Table 2.
Table 2
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Name

3¢-(N,N-Didemethyl)azithromycin (aminoazithromycin)
+ 3¢-(N,N-didemethyl)-3¢-N-formylazithromycin
Desosaminylazithromycin
3¢-N-Demethyl-3¢-N-formylazithromycin
N-Demethylazithromycin
3¢-De(dimethylamino)-3¢-oxoazithromycin
Azithromycin
Any other unspecified impurity
Total impurities

Relative
Retention
Time
0.25

Acceptance
Criteria,
NMT (%)
1.0

0.31
0.32
0.35
0.72
1.00
–
–

0.3
1.0
1.0
1.0
–
0.2
3.0

Table 2
Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Erythromycin A iminoethera, b

0.20

—

3 ¢-(N,N-Didemethyl)azithromycin (aminoazithromycin)c + 3 ¢-(N,N-didemethyl)-3 ¢-Nformylazithromycin (formamido analog)d
A zithromycin F a, e

0.25

1.0

0.30

—

Desosaminylazithromycinf , g

0.31

—

3 ¢-N-Demethyl-3 ¢-N-formylazithromycin (methylformamido analog)h
N-Demethylazithromycinf , i

0.32

1.0

0.35

—

Erythromycin A oximea, j
A zaerythromycin A a, k

0.42

—

0.63

—

3 ¢-De(dimethylamino)-3 ¢-oxoazithromycinl

0.72

1.0

3 ¢-Demethyl-3 ¢-N-[(4-methylphenyl)sulfonyl]azithromycina, m
A zithromycin
A zithromycin B (3-Deoxyazithromycin)a, n

0.85
1.00

—

1.64
—

—

—

3.0

A ny other unspecified impurity
Total impurities o

—
0.2
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a These impurities are listed here for information only. They are process impurities that are controlled in the drug
substance. They are not to be reported.
b (3R,4R,5S,6R,9R,10S,11S,12R,13S,15R,Z)-12-[[3,4,6-Trideoxy-3-(dimethylamino)- -d-xylohexopyranosyl]oxy]-6-ethyl-4,5-dihydroxy-10-[(2,6-dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-3,5,9,11,13,15-hexamethyl-7,16-dioxa-2-azabicyclo[11.2.1]hexadec-1-en-8-one.
c (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-amino-3,4,6-trideoxy-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
d (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-formamido-3,4,6-trideoxy-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
e (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12-hexamethyl-14-hydroxymethyl-11-[[3dimethylamino-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
f These impurities are controlled using the Limit of Azithromycin N-Oxide Desosaminylazithromycin and NDemethylazithromycin test. They are listed here for information only.
g (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-3,5,6,8,10,12,14-heptamethyl-11[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
h (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-(N-methyl)formamido-3,4,6trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
i (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-

-l-ribo-hexopyranosyl)oxy]-

2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-methylaminohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

-d-xylo-

j (3R,4S,5S,6R,7R,9R,11S,12R,13S,14R,E)-6-[[3,4,6-Trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]14-ethyl-7,12,13-trihydroxy-4-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribo-hexopyranosyl)oxy]-10(hydroxyimino)-3,5,7,9,11,13-hexamethyloxacyclotetradecan-2-one.
k 9-Deoxo-9a-aza-9a-homoerythromycin A .
l (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl- -l-ribo-hexopyranosyl)oxy]-2-ethyl3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-oxo- -d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
m (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-[N-(4acetamidophenylsulfonyl)-N-methylamino]-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6azacyclopentadecan-15-one.
n (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribohexopyranosyl)oxy]-2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
o Total impurities includes desosaminylazithromycin and N-demethylazithromycin.

1S (USP35)

SPECIFIC TESTS
• Bacterial Endotoxins Test
Azithromycin.

85 : It contains NMT 0.7 USP Endotoxin Units/mg of

• Sterility Tests 71 : It meets the requirements when tested as directed for Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• Particulate Matter in Injections
• pH

788 : Meets the requirements

781 : 6.4–6.8, determined in a solution constituted as directed in the labeling

• Water Determination, Method I 921 : NMT 2.0%
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• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described under Injections
Solids. Store at controlled room temperature.
• Labeling: It meets the requirements for Injections

1 , Containers for Sterile

1 , Labeling.

Change to read:
• USP Reference Standards 11
USP Azaerythromycin A RS
9-Deoxo-9a-aza-9a-homoerythromycin A.
C37 H70 N2 O12
734.96
USP Azithromycin RS
USP Azithromycin N-Oxide RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl11-[[3,4,6-trideoxy-3-(dimethylazinoyl)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6azacyclopentadecan-15-one.
C38 H72 N2 O13
764.98
USP N-Demethylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl11-[[3,4,6-trideoxy-3-methylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6azacyclopentadecan-15-one.
C37 H70 N2 O12
734.96
USP Desosaminylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-hexopyranosyl]oxy]-1oxa-6-azacyclopentadecan-15-one.
C30 H58 N2 O9
590.79 1S (USP35)
USP Endotoxin RS
BRIEFING
Bisacodyl, USP 34 page 2049. As part of USP monograph modernization efforts, the following
revisions are proposed:
1.
A new Organic Impurities HPLC procedure is added. This procedure is based on
validated methods of analyses, performed with the YMC J'Sphere ODS-M80 brand of
4-µm L1 column. The typical retention time of the bisacodyl peak is about 16–17 min.
The procedure is similar to the current Bisacodyl monograph in the European
Pharmacopoeia, where Symmetry C18 and Inertsil ODS 2 brands of 5-µm L1 columns
are considered suitable, with the typical retention time of the bisacodyl peak being
about 13 min.
2.
A third chemical name, employing the same naming convention as the chemical names
for bisacodyl impurities and related compounds, is added to the Chemical Information
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section.
3.
The current UV test for Identification test B is replaced with retention time agreement
based on the Organic Impurities test.
4.
The test for Melting Range or Temperature is deleted.
5.
The Assay is revised to replace the use of indicator with potentiometric endpoint
detection and to make minor modifications in the weight and the concentration of
the analyte, to make the procedure consistent with the current European
Pharmacopoeia monograph.
6.
Storage requirements are added under Packaging and Storage.
(SM3: E. Gonikberg.)
Correspondence Number—C99991

Comment deadline: July 31, 2011
Bisacodyl
Change to read:

C22 H19 NO4

361.39

Phenol, 4,4¢-(2-pyridinylmethylene)bis-, diacetate (ester);
4,4¢-(2-Pyridylmethylene)diphenol diacetate (ester);
4,4¢-(Pyridin-2-ylmethylene)diphenyl diacetate 1S (USP35)
[603-50-9].
DEFINITION
Bisacodyl contains NLT 98.0% and NMT 101.0% of C22 H19 NO4 , calculated on the dried basis.
[Caution—Avoid inhalation and contact with the eyes, skin, and mucous membranes. ]
IDENTIFICATION
• A. Infrared Absorption 197S
Cell: 1.0 mm
Sample solution: 5 mg/mL in chloroform, previously dried
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 263 nm
Solution: 20 µg/mL in 0.05 N hydrochloric acid
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.

180

PF 37(3): May-Jun. 2011

181

The retention time of the major peak in the Sample solution corresponds to that of the
Standard stock solution, as obtained under Organic Impurities.
1S (USP35)

ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 250 mg
300 mg 1S (USP35)
of Bisacodyl in 70 mL
60 mL 1S (USP35)
of glacial acetic acid. and add 3 drops of p-naphtholbenzein TS.
1S (USP35)

Titrate with 0.1 N perchloric acid VS,
determining the endpoint potentiometrically.

1S (USP35)

Perform a blank determination, and make any necessary correction (see Titrimetry
). Each mL of 0.1 N perchloric acid is equivalent to 36.14 mg of C22 H19 NO4 .
Acceptance criteria: 98.0%–101.0% on the dried basis

541

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

231 , Method II: NMT 10 ppm

Add the following:
• Organic Impurities
Buffer: 1.58 g/L of ammonium formate in water, adjusted with formic acid to a pH of 5.0
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (35:5)
Standard stock solution: 1.0 mg/mL of USP Bisacodyl RS in Diluent
Standard solution: 1.0 µg/mL of USP Bisacodyl RS in Diluent
System suitability solution: 0.8 mg/mL of USP Bisacodyl RS; 2 µg/mL each of USP
Bisacodyl Related Compounds A, C, and E RS; and 4 µg/mL of USP Bisacodyl Related
Compound B RS in Diluent
Sample solution: 1.0 mg/mL of Bisacodyl in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 4-µm or 5-µm packing L1
Flow rate: 1.5 mL/min
Run time: 3.5 times the retention time of bisacodyl

PF 37(3): May-Jun. 2011

182

Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution [Note—See Table 1 for the
relative retention times. ]
Suitability requirements
Relative standard deviation: NMT 5.0% for the bisacodyl peak, Standard solution
Tailing factor: NMT 2.0 for the bisacodyl peak, System suitability solution
Resolution: NLT 1.5 between the bisacodyl related compound E and bisacodyl peaks,
System suitability solution
Analysis
Samples: Standard stock solution, Standard solution, and Sample solution
[NOTE—Chromatograph the Standard stock solution to perform Identification test B.]
Calculate the percentage of any individual impurity in the portion of Bisacodyl taken:
Result = (rU/rS) × (CS/CU) × (1/F) ×100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of bisacodyl from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. [Note—The reporting level for impurities is 0.05%. ]
Table 1
Relative
Retention
Time

Name
Bisacodyl related compound Aa
Bisacodyl related compound Bb
Bisacodyl related compound Cc
Specified unidentified impurity 1
Bisacodyl related compound Ed
Bisacodyl
Specified unidentified impurity 2
Any individual unspecified impurity
Total impurities
a 4,4¢-Diphenol impurity.
b 2,4¢-Diphenol impurity.
c Monoacetyl bisacodyl.
d 2,4¢Bisacodyl analog.

0.20
0.40
0.45
0.85
0.90
1.0
2.6
—
—

Relative
Response
Factor
1.7
1.5
1.3
1.0
1.0
—
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.50
0.20
0.50
—
0.30
0.10
1.0

1S (USP35)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : Between 131 and 135

1S (USP35)
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• Loss on Drying 731 : Dry a sample at 105 for 2 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers,
protected from light. Store at room temperature. 1S (USP35)
Change to read:
• USP Reference Standards
USP Bisacodyl RS

11

USP Bisacodyl Related Compound A RS
4,4¢-(Pyridin-2-ylmethylene)diphenol.
C18 H15 NO2
277.32
USP Bisacodyl Related Compound B RS
2,4¢-(Pyridin-2-ylmethylene)diphenol.
C18 H15 NO2
277.32
USP Bisacodyl Related Compound C RS
4-[(4-Hydroxyphenyl)(pyridin-2-yl)methyl]phenyl acetate.
C20 H17 NO3
319.35
USP Bisacodyl Related Compound E RS
2-[(4-Acetoxyphenyl)(pyridin-2-yl)methyl]phenyl acetate.
C22 H19 NO4
361.39 1S (USP35)
BRIEFING
Carisoprodol, USP 34 page 2178. It is proposed to modernize this monograph with the following
changes:
1.
The Identification test by TLC is being replaced with an HPLC retention time match.
2.
The Assay by titration is being replaced with a selective HPLC method. The method has
been validated using a YMC J'Sphere ODS-L80 brand of L1 column. The typical
retention time for carisoprodol is about 21 min.
3.
The test for Residue on Ignition is being added to be consistent with the currently
approved application.
4.
The TLC method in the test for Limit of Meprobamate is being replaced with a selective
HPLC method which monitors, in addition to meprobamate, other organic impurities.
The HPLC method is identical to the Assay method, which has been validated using a
YMC J'Sphere ODS-L80 brand of L1 column. The typical retention time for
meprobamate is about 5 min.
5.
The test for Melting Range or Temperature is being deleted because the remaining
tests adequately establish identity, purity, and quality.
6.
Storage temperature condition is being added to the monograph.
7.
One new Reference Standard is being introduced to check resolution as part of the
system suitability determination in both the Assay and the test for Organic
Impurities.
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(SM4: R. Ravichandran.)
Correspondence Number—C91876

Comment deadline: July 31, 2011
Carisoprodol

C12 H24 N2 O4

260.33

(±)-2-Methyl-2-propyl-1,3-propanediol carbamate isopropylcarbamate

[78-44-4].

DEFINITION
Carisoprodol contains NLT 98.0% and NMT 102.0% of C12 H24 N2 O4 , calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. The RF value of the principal spot due to carisoprodol of the Sample solution obtained in
the test for Limit of Meprobamate corresponds to that obtained in a Standard solution of
USP Carisoprodol RS in chloroform containing 100 mg/mL.
The retention time of the major peak in the Sample solution corresponds to that in the
Standard solution as obtained in the Assay. 1S (USP35)

ASSAY
Change to read:
• Procedure
Sodium methoxide titrant: Prepare and standardize as directed for 0.1 N sodium
methoxide (in toluene) (see Reagents, Indicators, and Solutions—Volumetric Solutions),
except to use 200 mL of methanol to dissolve the sodium metal, to add 750 mL of
toluene, and to dilute with methanol to 1000 mL.
Sample: 400 mg of Carisoprodol
Analysis: Add 10 mL of pyridine to the Sample in a suitable boiling flask. Add 1 drop of
phenolphthalein TS, and titrate with Sodium methoxide titrant to a permanent pink
endpoint. Add 25.0 mL of Sodium methoxide titrant, connect the flask to a water-cooled
condenser, and reflux on a hot plate for 30 min. Allow to cool, add 40 mL of alcohol and 7
drops of phenolphthalein TS. Titrate the excess alkali with 0.1 N hydrochloric acid VS
until the pink color disappears. Perform a blank determination (see Titrimetry 541 ,
Residual Titrations). Each mL of Sodium methoxide titrant is equivalent to 26.03 mg of
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C12 H24 N2 O4 .
Diluent: Acetonitrile and water (50:50)
Solution A: Acetonitrile and water (25:75)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
100
0
35
100
0
36
80
20
51
80
20
52
100
0
60
100
0
System suitability solution: 0.125 mg/mL each of USP Carisoprodol Related Compound
A RS, USP Meprobamate RS, and USP Carisorprodol RS in Diluent
Standard solution: 2.5 mg/mL of USP Carisoprodol RS in Diluent
Sample solution: 2.5 mg/mL of Carisoprodol in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 4-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between carisoprodol related compound A and meprobamate,
System suitability solution
Tailing factor: NMT 2.5 for the carisoprodol peak, Standard solution
Relative standard deviation: NMT 2.0% for the carisoprodol peak, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carisoprodol (C12 H24 N2 O4 ) in the portion of the sample
taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of carisoprodol from the Sample solution
r=
S peak response of carisoprodol from the Standard solution
C=
S concentration of USP Carisoprodol RS in the Standard solution (mg/mL)
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C=
U concentration of Carisoprodol in the Sample solution (mg/mL)
1S (USP35)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

1S (USP35)

231 : NMT 10 ppm

Delete the following:
Organic Impurities
• Procedure: Limit of Meprobamate
Standard solution: 1 mg/mL of USP Meprobamate RS in chloroform
Sample solution: 100 mg/mL of Carisoprodol in chloroform
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL for Sample solution and 5 µL for Standard solution
Developing solvent system: Chloroform and acetone (4:1)
Spray reagent 1: 3 in 100 solution of furfural in chloroform
Spray reagent 2: Antimony trichloride TS
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Allow the spots to dry in a current of air, and develop
the chromatogram in the Developing solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, allow the solvent to evaporate, and spray the plate alternately with
Spray reagent 1 and Spray reagent 2 until one or more black spots appear, heat the plate
at 110 for 15 min, and examine the plate.
Acceptance criteria: Any spot in the Sample solution having an RF value corresponding to
that of meprobamate in the Standard solution is not darker in color than the meprobamate
spot in the Standard solution (NMT 0.5%).
1S (USP35)

Add the following:
• Organic Impurities
Diluent, Mobile phase, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 10 µg/mL of USP Carisoprodol RS in Diluent
Sample solution: 50 mg/mL of Carisoprodol in Diluent. [Note—Sonication may be used to
aid dissolution. ]
System suitability
Samples: System suitability solution and Standard solution
[NOTE—See Table 2 for the relative retention times.]

PF 37(3): May-Jun. 2011

187

Suitability requirements
Resolution: NLT 1.5 between carisoprodol related compound A and meprobamate,
System suitability solution
Tailing factor: NMT 2.5 for the carisoprodol peak, Standard solution
Relative standard deviation: NMT 5.0% for the carisoprodol peak, 3 replicate
injections of Standard solution
Analysis
Samples: Standard solution and Sample solution
Identify the specified impurities using the relative retention times given in Table 2.
Calculate the percentage of each impurity in the portion of Carisoprodol taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
r=
U peak response of the impurity from the Sample solution
r=
S peak response of carisoprodol from the Standard solution
C=
S concentration of USP Carisoprodol RS in the Standard solution (mg/mL)
C=
U concentration of Carisoprodol in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Compound

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

a

Carisoprdol related compound A
0.19
0.06
Meprobamate
0.24
0.09
b
Carisoprodol monocarbamate
0.86
1.4
Carisoprodol
1.0
—
Any other unknown individual impurity
—
1.0
Total impurities
—
—
a 2-Hydroxymethyl-2methylpentyl carbamate
b N-Isopropyl-2-hydroxymethyl-2methylpentyl carbamate

0.1
0.5
0.1
—
0.1
1.0

1S (USP35)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 91 –94

1S (USP35)

• Loss on Drying 731 : Dry a sample in vacuum at 60 for 3 h: it loses NMT 0.5% of its
weight.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers
at room temperature. 1S (USP35)
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Change to read:
• USP Reference Standards
USP Carisoprodol RS

11

USP Carisoprodol Related Compound A RS
2-Hydroxymethyl-2-methylpentyl carbamate.
C8 H17 NO3
175.23 1S (USP35)
USP Meprobamate RS
BRIEFING
Carisoprodol Tablets, USP 34 page 2179. It is proposed to revise the monograph to include
the following changes:
1.
The current Assay procedure using refractive index detector is being replaced with a
more selective HPLC procedure using UV detection. This procedure introduces the
use of a new Reference Standard, USP Carisoprodol Related Compound A RS. The
procedure is based on validations performed with a YMC J'Sphere ODS-L80 brand of
L1 column in which carisoprodol related compound A elutes at about 4 min and
carisoprodol elutes at about 21 min.
2.
A procedure for Organic Impurities is being added to modernize the monograph. The
procedure is identical to that in the Assay.
3.
Because this proposal seeks to revise the Assay procedure, it is also proposed to
expand the Dissolution test to include a complete, detailed Dissolution section that
replaces the original cross-reference to the Assay procedure.
4.
Storage temperature condition is being added to the monograph to be consistent with
the package insert.
(SM4: R. Ravichandran, M.R. Marques.)
Correspondence Number—C91877

Comment deadline: July 31, 2011
Carisoprodol Tablets
DEFINITION
Carisoprodol Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of carisoprodol
(C12 H24 N2 O4 ).
IDENTIFICATION
• A. The retention time of the Sample solution corresponds to that of the Standard solution,
as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (2:3)
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Diluent: Methanol and 0.01 N sulfuric acid (3:2)
System suitability solution: 2.4 mg/mL of 2-methyl-2-propyl-1,3-propanediol and 3.4
mg/mL of carisoprodol in Mobile phase
Standard solution: 3.5 mg/mL of USP Carisoprodol RS in Diluent
Sample solution: Transfer an amount equivalent to 350 mg of carisoprodol from powdered
Tablets (NLT 20 Tablets), to a 100-mL volumetric flask and add 50 mL of Diluent, place in
an ultrasonic bath for 30 min, and shake by mechanical means for 60 min. Dilute with
Diluent to volume. Pass a portion of this solution through a membrane filter of 0.5–µm or
finer porosity, and use the filtrate as the Sample solution.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: Refractive index
Column: 3.9-mm × 30-cm; packing L1
Temperature: 30 ± 1 for column and detector
Flow rate: 2 mL/min
Injection size: 35 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for 2-methyl-2-propyl-1,3-propanediol and
carisoprodol are about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the 2-methyl-2-propyl-1,3-propanediol and carisoprodol
peaks, System suitability solution
Relative standard deviation: NMT 2.0% for three replicate injections of the Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C12 H24 N2 O4 in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak height from the Sample solution
rS= peak height from the Standard solution
CS= concentration of USP Carisoprodol RS in the Standard solution (mg/mL)
CU= nominal concentration of carisoprodol in the Sample solution (mg/mL)
Diluent: Acetonitrile and water (50:50)
Mobile phase: Acetonitrile and water (25:75)
System suitability solution: 0.1 mg/mL each of USP Carisoprodol Related Compound A
RS, USP Meprobamate RS, and USP Carisoprodol RS in Diluent
Standard solution: 2.5 mg/mL of USP Carisoprodol RS in Diluent
Sample solution: Nominally 2.5 mg/mL in Diluent prepared as follows. Transfer an
amount equivalent to the label claim of carisoprodol from powdered Tablets (NLT 20) to
a suitable volumetric flask, and fill 50% of the flask volume with Diluent. Place in an
ultrasonic bath for 30 min, and shake mechanically for 60 min. Dilute with Diluent to
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volume. Pass a portion of this solution through a suitable membrane filter, and use the
filtrate as the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15 cm; 4-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 25 µL
Run time: 1.5 times the retention time of carisoprodol
System suitability
Samples: System suitability solution and Standard solution
[NOTE—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between carisoprodol related compound A and meprobamate,
System suitability solution
Tailing factor: NMT 2.5 for the carisoprodol peak, Standard solution
Relative standard deviation: NMT 2.0% for the carisoprodol peak, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of carisoprodol (C12 H24 N2 O4 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of carisoprodol from the Sample solution
r=
S peak response of carisoprodol from the Standard solution
C=
S concentration of USP Carisoprodol RS in the Standard solution (mg/mL)
C=
U nominal concentration of carisoprodol in the Sample solution (mg/mL)
1S (USP35)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.05 M phosphate buffer, pH 6.9 (see Reagents, Indicators, and Solutions—Buffer
Solutions) containing 5 units of -amylase per mL; 900 mL
[NOTE—Use only freshly prepared solutions containing -amylase; and equilibrate the
Medium at 37 for NMT 1 h before beginning the Dissolution test.]
Apparatus 2: 75 rpm
Time: 60 min
Determine the amount of C12 H24 N2 O4 dissolved employing the following method:
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Mobile phase, System suitability solution, and System suitability: Proceed as
directed in the Assay.
Standard solution: 0.4 mg/mL of USP Carisoprodol RS in Medium
[NOTE—A volume of acetonitrile not exceeding 2% of the final total volume of solution may
be used to aid in dissolving the carisoprodol.]
Sample solution: Sample per Dissolution 711 . Filter before analyzing.
Chromatographic system: Proceed as directed in the Assay, except use the following
injection size:
Injection size: 150 µL
Analysis
Samples: Standard solution and Sample solution
Record the peak responses, and measure the heights for the major peaks. Calculate the
amount of C12 H24 N2 O4 dissolved.
Mobile phase: Acetonitrile and water (40:60)
System suitability solution: 2.4 mg/mL of 2-methyl-2-propyl-1,3-propanediol and 3.4
mg/mL of USP Carisoprodol RS in Mobile phase
Standard solution: 0.4 mg/mL of USP Carisoprodol RS in Medium
[NOTE—A volume of acetonitrile not exceeding 2% of the final total volume of solution
may be used to aid in dissolving the carisoprodol.]
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 3.9-mm × 30-cm; packing L1
Temperature: 30 ± 1 for column and detector
Flow rate: 2 mL/min
Injection size: 150 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for 2-methyl-2-propyl-1,3-propanediol and
carisoprodol are about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between 2-methyl-2-propyl-1,3-propanediol and carisoprodol,
System suitability solution
Relative standard deviation: NMT 2.0% for 3 replicate injections of the Standard
solution
Analysis
Samples: Standard solution and Sample solution
Record the peak responses, and measure the heights for the major peaks.
Calculate the percentage of the labeled amount of carisoprodol (C12 H24 N2 O4 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
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r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of USP Carisoprodol RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
1S (USP35)

Tolerances: NLT 80% (Q) of the labeled amount of carisoprodol (C12 H24 N2 O4 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
Organic Impurities
Diluent, Mobile phase, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 10 µg/mL of USP Carisoprodol RS in Diluent
Sample solution: Nominally 10 mg/mL in Diluent prepared as follows. Transfer an amount
equivalent to four times the label claim of carisoprodol from powdered Tablets (NLT 20
Tablets) to a suitable volumetric flask, and fill 50% of the flask volume with Diluent. Place in
an ultrasonic bath for 30 min, and shake mechanically for 60 min. Dilute with Diluent to
volume. Pass a portion of this solution through a suitable membrane filter, and use the
filtrate as the Sample solution.
System suitability
Samples: System suitability solution and Standard solution
[NOTE—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between carisoprodol related compound A and meprobamate,
System Suitability solution
Tailing factor: NMT 2.5 for the carisoprodol peak, Standard solution
Relative standard deviation: NMT 5.0% for the carisoprodol peak for 3 replicate
injections of the Standard solution
Analysis
Samples: Standard solution and Sample solution
Identify the specified impurities using the relative retention times given in Table 1.
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
r=
U peak response of the impurity from the Sample solution
r=
S peak response of carisoprodol from the Standard solution
C=
S concentration of USP Carisoprodol RS in the Standard solution (mg/mL)
C=
U nominal concentration of carisoprodol in the Sample solution (mg/mL)
F= relative response factor (see Table 1).
Acceptance criteria: See Table 1.
Table 1
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Relative
Retention
Time

Compound

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

a

Carisoprodol related compound A
0.19
0.06
Meprobamate
0.24
0.09
b
Carisoprodol monocarbamate
0.86
1.4
Carisoprodol
1.0
—
Any other unknown degradation product
—
1.0
Total impurities
—
—
a 2-Hydroxymethyl-2methylpentyl carbamate
b N-Isopropyl-2-hydroxymethyl-2methylpentyl carbamate

0.75
0.65
0.20
—
0.20
1.25

1S (USP35)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers
at controlled room temperature. 1S (USP35)
Change to read:
• USP Reference Standards
USP Carisoprodol RS

11

USP Carisoprodol Related Compound A RS
2-Hydroxymethyl-2-methylpentyl carbamate.
C8 H17 NO3
175.23 1S (USP35)
BRIEFING
Cefamandole Nafate, USP 34 page 2205. As part of USP's monograph modernization initiative,
this monograph is revised to replace the polarographic Assay procedure with an HPLC
method that is based on the procedure in the European Pharmacopoeia. Suitable brands of
L1 columns for the procedure include Nucleosil C18, Hypersil ODS, and Lichrosorb RP18.
(SM1: A. Wise.)
Correspondence Number—C83805

Comment deadline: July 31, 2011
Cefamandole Nafate
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512.49

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[(formyloxy)phenylacetyl]amino]-3[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-, monosodium salt, [6R-[6 ,7 (R*)]]-;
Sodium (6R,7R)-7-(R)-mandelamido-3-[[(1-methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate formate (ester)
[42540-40-9].
DEFINITION
Cefamandole Nafate has a potency equivalent to NLT 810 µg/mg and NMT 1000 µg/mg of
cefamandole (C18 H18 N6 O5 S2 ), calculated on the anhydrous basis.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Cefamandole Nafate RS in Developing solvent
system. Use the solution promptly after preparation.
Sample solution: 10 mg/mL of cefamandole nafate in Developing solvent system. Use the
solution promptly after preparation.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Ethyl acetate, acetone, glacial acetic acid, and water
(5:2:1:1)
Analysis
Samples: Standard solution and Sample solution
Place the plate in a suitable chromatographic chamber, previously equilibrated with
Developing solvent system for NLT 30 min, and develop the chromatogram until the
solvent front has moved three-fourths of the length of the plate. Remove the plate
from the developing chamber, mark the solvent front, and allow to air-dry. Locate the
spots on the plate by examination under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution
1S (USP35)

Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)
ASSAY
Delete the following:
• Procedure
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Buffer: 3.6 g/L of anhydrous dibasic sodium phosphate, 39.4 g/L of citric acid monohydrate,
and 70.8 g/L of potassium chloride
Standard solution: 0.24 mg/mL of USP Cefamandole Nafate RS in a mixture of Buffer and
water (60:40). Dissolve first in water using 8% of the final volume. Immediately before use
add Buffer, equivalent to 60% of the final volume, and dilute with water to volume.
Sample solution: 0.24 mg/mL of cefamandole nafate in a mixture of Buffer and water
(60:40). Dissolve first in water using 8% of the final volume. Immediately before use add
Buffer, equivalent to 60% of the final volume, and dilute with water to volume.
Instrumental conditions:
(See Polarography 801 .)
Instrument: Polarograph capable of measuring a current of 0.5 µA or appropriate current
to maintain on-scale response
Mode: Differential pulse mode
Electrode: Dropping mercury electrode inserted using an average capillary
Drop rate: 1 drop per second
Voltage range: 0.3 V to 1.05 V
Reference electrode: Saturated calomel reference electrode
Counterelectrode: Platinum wire counterelectrode
Analysis
Samples: Standard solution and Sample solution
Transfer a portion of the Standard solution or the Sample solution to a suitable
polarographic cell. Deaerate by bubbling scrubbed nitrogen through the solution for 5
min, and redirect the nitrogen flow to the surface outlet. Insert the dropping mercury
electrode and record the polarogram. Determine the peak height obtained, in µA, where
the peak height is defined as the perpendicular distance from the extrapolated baseline
to the highest point of the peak as compared to the full-scale current range.
Calculate the concentration, in µg/mg, of cefamandole (C18 H18 N6 O5 S2 ) in the portion of
the Cefamandole Nafate taken:
Result = (iU/iS) × (CS/CU) × Mr1/Mr2 × P× F
iU = peak current from the Sample solution (µA)
iS = peak current from the Standard solution (µA)
CS= concentration of USP Cefamandole Nafate RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of cefamandole, 462.51
Mr2
= molecular weight of cefamandole nafate, 512.50
P = potency of cefamandole nafate in USP Cefamandole Nafate RS (mg/mg)
F = conversion factor, 1000 µg/mg
Acceptance criteria: 810–1000 µg/mg on the anhydrous basis 1S (USP35)
Add the following:
• Procedure
Buffer: 10% solution of triethylamine in water, adjusted with phosphoric acid to a pH of 2.5
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 0.5 mg/mL of USP Cefamandole Nafate RS in Mobile phase. Use this
solution immediately after it is prepared.
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System suitability solution: 0.05 mg/mL of USP Cefamandole Nafate RS in Mobile phase.
Heat at 60 for 30 min.
Sample solution: 0.5 mg/mL of Cefamandole Nafate in Mobile phase. Use this solution
immediately after it is prepared.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 7.0 between the two main peaks, System suitability solution
Relative standard deviation: NMT 0.8% for the cefamandole peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration, in µg/mg, of cefamandole (C18 H18 N6 O5 S2 ) in the portion of
Cefamandole Nafate taken:
Result = (rU/rS) × (CS/CU) × Mr1/Mr2 × P × F
rU= sum of the peak responses of cefamandole and cefamandole nafate from the Sample
solution
rS= sum of the peak responses of cefamandole and cefamandole nafate from the Standard
solution
CS= concentration of USP Cefamandole Nafate RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of cefamandole, 462.50
Mr2
= molecular weight of cefamandole nafate, 512.49
P = potency of cefamandole nafate in USP Cefamandole Nafate RS (mg/mg)
F = conversion factor, 1000 µg/mg
Acceptance criteria: 810–1000 µg/mg on the anhydrous basis 1S (USP35)
SPECIFIC TESTS
• pH 791
Sample solution: 100 mg/mL
Acceptance criteria: 3.5–7.0
• Water Determination, Method I 921 : NMT 2.0%
• Bacterial Endotoxins Test 85 : NMT 0.15 USP Endotoxin Unit/mg of cefamandole, when
the label states that Cefamandole Nafate is sterile or must be subjected to further
processing during the preparation of injectable dosage forms
• Sterility Tests 71 : Meets the requirements for Test for Sterility of the Product to Be
Examined, Membrane Filtration when the label states that Cefamandole Nafate is sterile
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards 11
USP Cefamandole Nafate RS
USP Endotoxin RS
BRIEFING
Cefamandole Nafate for Injection, USP 34 page 2205. As part of USP's monograph
modernization initiative, this monograph is revised to replace the polarographic Assay
procedure with an HPLC method that is based on the procedure in the European
Pharmacopoeia. Suitable brands of L1 columns for the procedure include Nucleosil C18,
Hypersil ODS, and Lichrosorb RP18.
(SM1: A. Wise.)
Correspondence Number—C83805

Comment deadline: July 31, 2011
Cefamandole Nafate for Injection
DEFINITION
Cefamandole Nafate for Injection is a sterile mixture of Cefamandole Nafate and one or more
suitable buffers. It has a potency equivalent to NLT 810 µg/mg and NMT 1000 µg/mg of
cefamandole (C18 H18 N6 O5 S2 ), calculated on the anhydrous and sodium carbonate-free basis. It
contains the equivalent of NLT 90.0% and NMT 115.0% of the labeled amount of cefamandole
(C18 H18 N6 O5 S2 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Cefamandole Nafate RS in Developing solvent
system. Use the solution promptly after preparation.
Sample solution: 10 mg/mL of cefamandole nafate from Cefamandole Nafate for Injection
in Developing solvent system. Use the solution promptly after preparation.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Ethyl acetate, acetone, glacial acetic acid, and water
(5:2:1:1)
Analysis
Samples: Standard solution and Sample solution
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Place the plate in a suitable chromatographic chamber, previously equilibrated with
Developing solvent for NLT 30 min, and develop the chromatogram until the solvent
front has moved three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow to air-dry. Locate the spots on
the plate by examination under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.
1S (USP35)

Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)
ASSAY
Delete the following:
• Procedure
Buffer: 3.6 g/L of anhydrous dibasic sodium phosphate, 39.4 g/L of citric acid monohydrate,
and 70.8 g/L of potassium chloride
Standard solution: 0.24 mg/mL of USP Cefamandole Nafate RS in a mixture of Buffer and
water (60:40). Dissolve first in water using 8% of the final volume. Immediately before use
add Buffer, equivalent to 60% of the final volume, and dilute with water to volume.
Sample stock solution 1 (where the article is represented as being in a single-dose
container): Equivalent to 2 mg/mL of cefamandole prepared as follows: Constitute a
container of Cefamandole Nafate for Injection in a volume of water corresponding to the
volume of solvent specified in the labeling. Withdraw all of the withdrawable contents,
using a suitable hypodermic needle and syringe, and dilute with water.
Sample solution 1: Equivalent to 0.2 mg/mL of cefamandole prepared as follows: To a
suitable aliquot of Sample stock solution 1 in a suitable volumetric flask add Buffer,
equivalent to 60% of the final volume, and dilute with water to volume.
Sample stock solution 2 (where the label states the quantity of cefamandole in a given
volume of constituted solution): Equivalent to 2 mg/mL of cefamandole prepared as
follows: Constitute Cefamandole Nafate for Injection in a volume of water corresponding
to the volume of solvent specified in the labeling. Dilute a volume of the constituted
solution with water.
Sample solution 2: Equivalent to 0.2 mg/mL of cefamandole prepared as follows: To a
suitable aliquot of Sample stock solution 2 in a suitable volumetric flask add Buffer, using
60% of the final volume, and dilute with water to volume.
Sample solution 3: Equivalent to 0.24 mg/mL of cefamandole nafate from Cefamandole
Nafate for Injection in a mixture of Buffer and water (60:40). Dissolve first in water using
8% of the final volume. Immediately before use add Buffer, equivalent to 60% of the final
volume, and dilute with water to volume.
Instrumental conditions
(See Polarography 801 .)
Instrument: Polarograph capable of measuring a current of 0.5 µA or appropriate current
to maintain on-scale response
Mode: Differential pulse mode
Electrode: Dropping mercury electrode inserted using an average capillary
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Drop rate: 1 drop per second
Voltage range: 0.3 V to 1.05 V
Reference electrode: Saturated calomel reference electrode
Counterelectrode: Platinum wire counterelectrode
Analysis
(See Polarography 801 .)
Samples: Standard solution and Sample solutions
Determine the sodium carbonate content of a 1–g portion of Cefamandole for Injection
dissolved in 100 mL of water. Add methyl orange TS and titrate with 0.2 N sulfuric acid
VS. Each mL of 0.2 N sulfuric acid is equivalent to 10.60 mg of Na2 CO3 .
Transfer a portion of the Standard solution or the Sample solution to a suitable
polarographic cell. Deaerate by bubbling scrubbed nitrogen through the solution for 5 min,
and redirect the nitrogen flow to the surface outlet. Insert the dropping mercury electrode
and record the polarogram. Determine the peak height obtained, in µA, where the peak
height is defined as the perpendicular distance from the extrapolated baseline to the
highest point of the peak as compared to the full-scale current range.
Calculate the percentage of the label claim of cefamandole (C18 H18 N6 O5 S2 ) in the portion
of constituted solution taken:
Result = (iU/iS) × (CS/CU) × Mr1/Mr2 × P × 100
iU = peak current from the Sample solution (µA)
iS = peak current from the Standard solution (µA)
CS= concentration of USP Cefamandole Nafate RS in the Standard solution (mg/mL)
CU= nominal concentration of cefamandole in Sample solution 1 or in Sample solution 2
(mg/mL)
Mr1
= molecular weight of cefamandole, 462.51
Mr2
= molecular weight of cefamandole nafate, 512.50
P = potency of USP Cefamandole Nafate RS (mg/mg)
Calculate the potency, in µg/mg of cefamandole (C18 H18 N6 O5 S2 ), of the Cefamandole
Nafate for Injection taken:
Result = (iU/iS) × (CS/CU) × Mr1/Mr2 × P × F
iU = peak current from the Sample solution (µA)
iS = peak current from the Standard solution (µA)
CS= concentration of USP Cefamandole Nafate RS in the Standard solution (mg/mL)
CU= nominal concentration of cefamandole in Sample solution 3 (mg/mL)
Mr1
= molecular weight of cefamandole, 462.51
Mr2
= molecular weight of cefamandole nafate, 512.50
P = potency of USP Cefamandole Nafate RS (mg/mg)
F = conversion factor, 1000 µg/mg
Acceptance criteria: 810–1000 µg/mg of C18 H18 N6 O5 S2 , calculated on the anhydrous and
sodium carbonate-free basis; 90.0%–115.0% of the labeled amount of C18 H18 N6 O5 S2
1S (USP35)

Add the following:
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Add the following:
• Procedure
Buffer: 10% solution of triethylamine in water, adjusted with phosphoric acid to a pH of 2.5
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 0.5 mg/mL of USP Cefamandole Nafate RS in Mobile phase. Use this
solution immediately after it is prepared.
System suitability solution: 0.05 mg/mL of USP Cefamandole Nafate RS in Mobile phase.
Heat at 60 for 30 min.
Sample solution: Equivalent to 0.5 mg/mL of cefamandole nafate from Cefamandole Nafate
for Injection in Mobile phase. Use this solution immediately after it is prepared.
Sample solution 1 (where the article is represented as being in a single-dose container):
Equivalent to 0.5 mg/mL of cefamandole nafate from Cefamandole Nafate for Injection in
Mobile phase prepared as follows: constitute a container of Cefamandole Nafate for
Injection in a volume of Mobile phase corresponding to the volume of solvent specified in
the labeling. Withdraw all of the withdrawable contents, using a suitable hypodermic
needle and syringe, and dilute with Mobile phase.
Sample solution 2 (where the label states the quantity of cefamandole in a given volume
of constituted solution): Equivalent to 0.5 mg/mL of cefamandole nafate from
Cefamandole Nafate for Injection in Mobile phase prepared as follows: constitute
Cefamandole Nafate for Injection in a volume of Mobile phase corresponding to the volume
of solvent specified in the labeling. Dilute a volume of the constituted solution with Mobile
phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 7.0 between the two main peaks, System suitability solution
Relative standard deviation: NMT 0.8% for the cefamandole peak, Standard solution
Analysis
Samples: Standard solution and Sample solution 1 or Sample solution 2
Calculate the percentage of the labeled amount of cefamandole (C18 H18 N6 O5 S2 ) in the
portion of constituted solution taken:
Result = (rU/rS) × (CS/CU) × Mr1/Mr2 × P × 100
rU= sum of the peak responses of cefamandole and cefamandole nafate from Sample
solution 1 or Sample solution 2
rS= sum of the peak responses of cefamandole and cefamandole nafate from the Standard
solution
CS= concentration of USP Cefamandole Nafate RS in the Standard solution (mg/mL)
CU= nominal concentration of cefamandole in Sample solution 1 or in Sample solution 2
(mg/mL)
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Mr1
= molecular weight of cefamandole, 462.50
Mr2
= molecular weight of cefamandole nafate, 512.49
P = potency of USP Cefamandole Nafate RS (mg/mg)
Calculate the potency, in µg/mg, of cefamandole (C18 H18 N6 O5 S2 ) in the portion of
Cefamandole Nafate for Injection taken:
Result = (rU/rS) × (CS/CU) × Mr1/Mr2 × P × F
rU= sum of the peak responses of cefamandole and cefamandole nafate from Sample
solution 1 or Sample solution 2
rS= sum of the peak responses of cefamandole and cefamandole nafate from the Standard
solution
CS= concentration of USP Cefamandole Nafate RS in the Standard solution (mg/mL)
CU= nominal concentration of cefamandole in Sample solution 1 or Sample solution 2
(mg/mL)
Mr1
= molecular weight of cefamandole, 462.50
Mr2
= molecular weight of cefamandole nafate, 512.49
P = potency of USP Cefamandole Nafate RS (mg/mg)
F = conversion factor, 1000 µg/mg
Acceptance criteria: 810–1000 µg/mg of C18 H18 N6 O5 S2 , calculated on the anhydrous and
sodium carbonate-free basis; 90.0%–115.0% of the labeled amount of C18 H18 N6 O5 S2
1S (USP35)

PERFORMANCE TESTS
• Uniformity of Dosage Units 905
Procedure for content uniformity: Perform the Assay on individual containers using
Sample solution 1 or Sample solution 2, or both, as appropriate.
Acceptance criteria: Meets the requirements
SPECIFIC TESTS
• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.
• Bacterial Endotoxins Test

1 ,

85 : NMT 0.15 USP Endotoxin Unit/mg of cefamandole

• Sterility Tests 71 : It meets the requirements for Test for Sterility of the Product to Be
Examined, Membrane Filtration.
• pH 791
Sample solution: 100 mg/mL
Acceptance criteria: 6.0–8.0, determined after 30 min
• Particulate Matter 788 : Meets the requirements for small-volume injections
• Water Determination, Method I 921 : NMT 3.0%
• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in Containers for Sterile Solids as described under
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1 .

• USP Reference Standards 11
USP Cefamandole Nafate RS
USP Endotoxin RS
BRIEFING
Cefpiramide, USP 34 page 2238. On the basis of comments received, the monograph is revised
as follows:
1.
The Mobile phase composition and Column information in the Assay are revised to
correct the information based on the original procedure in the Code of Federal
Regulations (21 CFR 442.60). Suitable brands of L7 columns for the procedure include
Zorbax C8, Lichrosorb C8, and YMC Pack C8.
2.
The System suitability requirements for Capacity factor and Column efficiency in the
Assay are deleted because the remaining criteria are adequate to evaluate system
suitability.
3.
The relative retention time of 5-mercapto-1-methyltetrazole is added to the test for
Organic Impurities for peak identification purposes.
4.
Per current USP style, the Pyrogen Test and the Sterility Tests were expanded from the
original brief references to the monograph for Cefpiramide for Injection to provide
details of the acceptance criteria.
(SM1: A. Wise.)
Correspondence Number—C93059

Comment deadline: July 31, 2011
Cefpiramide

C25 H24 N8 O7 S2

612.64

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[[[(4-hydroxy-6-methyl-3pyridinyl)carbonyl]amino](4-hydroxyphenyl)acetyl]amino]-3-[[(1-methyl-1H-tetrazol-5yl)thio]methyl]-8-oxo, [6R-[6 ,7 (R*)]]-;
(6R,7R)-7-[(R)-2-(4-Hydroxy-6-methylnicotinamido)-2-(p-hydroxyphenyl)acetamido]-3-[[(1methyl-1H-tetrazol-5-yl)thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid
[70797-11-4].
DEFINITION
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Cefpiramide contains NLT 974 µg/mg and NMT 1026 µg/mg of C25 H24 N8 O7 S2 , calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 1.36 g/L of monobasic potassium phosphate in water adjusted with 1 N sodium
hydroxide to a pH of 6.8 ± 0.1 prior to final dilution
Mobile phase: Tetrahydrofuran, acetonitrile, methanol, and Buffer (60:20:20:900)
(40:40:40:880) 1S (USP35)
System suitability solution: 1 mg/mL of USP Cefpiramide RS in 0.01 N sodium hydroxide.
Heat this solution at 95 for 10 min. Mix 1 mL of this solution with 19 mL of Mobile phase.
This solution contains a mixture of cefpiramide and cefpiramide lactone.
Standard solution: 0.25 mg/mL of USP Cefpiramide RS in Mobile phase
Sample solution: 0.25 mg/mL of Cefpiramide in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
4.0-mm × 15- to 30-cm; 5- to 10-µm packing L7

1S (USP35)

Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for cefpiramide and cefpiramide lactone are about 0.7
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between cefpiramide lactone and cefpiramide, System suitability
solution
Capacity factor, k': Between 2 and 5, Standard solution
Column efficiency: NLT 1700 theoretical plates, Standard solution when calculated
using:
Result = 5.545 × (t r/Wh/2 )2
t r = retention time (min)
Wh/2= peak width at half height (min)
1S (USP35)
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Tailing factor: 0.95–1.4, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of cefpiramide (C25 H24 N8 O7 S2 ) in each mg of the portion of
Cefpiramide taken:
Result = (rU/rS) × (CS/CU) × P × F
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cefpiramide RS in the Standard solution (mg/mL)
C=
U concentration of Cefpiramide taken to prepare the Sample solution (mg/mL)
P= potency of cefpiramide in USP Cefpiramide RS (mg/mg)
F= conversion factor, 1000 µg/mg
Acceptance criteria: 974–1026 µg/mg on the anhydrous basis
IMPURITIES
Change to read:
• Organic Impurities
System suitability solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Buffer: 4.08 g/L of monobasic potassium phosphate in water, adjusted with 1 N sodium
hydroxide to a pH of 7.5 ± 0.1 prior to final dilution
Mobile phase: Methanol and Buffer (250:750)
Standard stock solution: 0.15 mg/mL of sodium 5-mercapto-1-methyltetrazole and 0.25
mg/mL of USP Cefpiramide RS in Buffer
Standard solution: 3 µg/mL of sodium 5-mercapto-1-methyltetrazole and 5 µg/mL of USP
Cefpiramide RS from the Standard stock solution in Mobile phase
Sample solution: 0.5 mg/mL of Cefpiramide in Mobile phase
N-Ethylmaleimide solution: 40 mg/mL of N-ethylmaleimide in methanol
Test preparation: 10 mg/mL of sodium 5-mercapto-1-methyltetrazole in N-Ethylmaleimide
solution in a stoppered centrifuge tube. Sonicate for 15 min.
Analysis
Samples: Standard solution and Sample solution
Determine the water content of sodium 5-mercapto-1-methyltetrazole by the titrimetric
method (see Water Determination 921 ), using 5.0 mL of the Test Preparation.
Calculate the percentage of 5-mercapto-1-methyltetrazole in the portion of Cefpiramide
taken:
Result = (rU/rS) × (Mr1/Mr2) × (CS/CU) × F × 100
rU= peak response of 5-mercapto-1-methyltetrazole from the Sample solution
rS= peak response of 5-mercapto-1-methyltetrazole from the Standard solution
Mr1
= molecular weight of 5-mercapto-1-methyltetrazole, 115.14
Mr2
= molecular weight of anhydrous sodium 5-mercapto-1-methyltetrazole, 138.13
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CS= concentration of sodium 5-mercapto-1-methyltetrazole, corrected for water, in the
Standard solution (µg/mL)
CU= concentration of Cefpiramide in the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg
Calculate the percentage of each other impurity in the portion of Cefpiramide taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of each other impurity from the Sample solution
rS= peak response of cefpiramide from the Standard solution
C=
S concentration of USP Cefpiramide RS in the Standard solution (µg/mL)
C=
U concentration of Cefpiramide in the Sample solution (µg/mL)
P= potency of cefpiramide in USP Cefpiramide RS (µg/mg)
Acceptance criteria: See Table 1.
Table 1

Name
5-Mercapto-1-methyltetrazole
Cefpiramide
Any other individual impurity
Total impurities

Relative
Retention
Time
0.20 1S (USP35)
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.7
—
0.7
2.0

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL, in dimethylformamide
Acceptance criteria:
• Crystallinity

100 to

112

695 : Meets the requirements

• pH 791
Sample solution: 5-mg/mL suspension in water
Acceptance criteria: 3.0–5.0
• Water Determination, Method I 921 : NMT 9.0%
• Pyrogen Test 151
Sample solution: 50 mg/mL of cefpiramide in Sterile Water for Injection
Test dose: 1.0 mL/kg of the Sample solution
Acceptance criteria: Where the label states that Cefpiramide is sterile, or it must be
subjected to further processing during the preparation of injectable dosage forms, it
meets the requirements.
• Sterility Tests 71 : Where the label states that Cefpiramide is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
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• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards
USP Cefpiramide RS

11
BRIEFING

Cefpiramide for Injection, USP 34 page 2239. On the basis of comments received, the
monograph is revised as follows:
1.
The Mobile phase composition and Column information in the Assay are revised to
correct the information based on the original procedure in the Code of Federal
Regulations. Suitable brands of L7 columns for the procedure include Zorbax C8,
Lichrosorb C8, and YMC Pack C8.
2.
The System suitability requirements for Capacity factor and Column efficiency in the
Assay are deleted because the remaining criteria are adequate to evaluate system
suitability.
(SM1: A. Wise.)
Correspondence Number—C93059

Comment deadline: July 31, 2011
Cefpiramide for Injection
DEFINITION
Cefpiramide for Injection contains NLT 90.0% and NMT 120.0% of the labeled amount of
cefpiramide (C25 H24 N8 O7 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 1.36 g/L of monobasic potassium phosphate in water adjusted with 1 N sodium
hydroxide to a pH of 6.8 ± 0.1 before final dilution.
Mobile phase: Tetrahydrofuran, acetonitrile, methanol, and Buffer (60:20:20:900)
(40:40:40:880) 1S (USP35)
System suitability solution: 1 mg/mL of USP Cefpiramide RS in 0.01 N sodium hydroxide.
Heat this solution at 95 for 10 min. Dilute 1 mL of this solution with Mobile phase to 20
mL. This solution contains a mixture of cefpiramide and cefpiramide lactone.
Standard solution: 0.25 mg/mL of USP Cefpiramide RS in Mobile phase
Sample solution 1 (where it is represented as being in a single-dose container):
Constitute a container of Cefpiramide for Injection in a volume of water corresponding to
the volume of diluent specified in the labeling. Withdraw all of the withdrawable contents,
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using a suitable hypodermic needle and syringe, and dilute with Mobile phase to obtain a
solution containing the nominal equivalent of 0.25 mg/mL of cefpiramide.
Sample solution 2 (where the label states the quantity of cefpiramide in a given volume of
constituted solution): Constitute a container of Cefpiramide for Injection in a volume of
water equivalent to the volume of diluent specified in the labeling. Dilute the constituted
solution with water to obtain a solution nominally containing 0.25 mg/mL of cefpiramide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
4.0-mm × 15- to 30-cm; 5- to 10-µm packing L7

1S (USP35)

Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for cefpiramide and cefpiramide lactone are 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between cefpiramide lactone and cefpiramide, System suitability
solution
Capacity factor, k': Between 2 and 5, Standard solution
Column efficiency: NLT 1700 theoretical plates, Standard solution when calculated
using:
Result = 5.545 × (t r/Wh/2 )2
t r = retention time (min)
Wh/2= peak width at half height (min)
1S (USP35)

Tailing factor: 0.95–1.4, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution 1 or Sample solution 2
Calculate the percentage of cefpiramide (C25 H24 N8 O7 S2 ) withdrawn from the container, or
in the portion of constituted solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of USP Cefpiramide RS in the Standard solution (mg/mL)
C=
U nominal concentration of cefpiramide in Sample solution 1 or Sample solution 2 (mg/mL)
Acceptance criteria: 90.0%–120.0%
SPECIFIC TESTS
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• Pyrogen Test 151
Sample solution: 50 mg/mL of cefpiramide from Cefpiramide for Injection in Sterile Water
for Injection
Test dose: 1.0 mL/kg of the Sample solution
Acceptance criteria: Meets the requirements
• Sterility Tests 71 : It meets the requirements when tested as directed for Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• pH 791
Sample solution: Equivalent to 100 mg/mL of cefpiramide from Cefpiramide for Injection
Acceptance criteria: 6.0–8.0 in water
• Water Determination, Method I 921 : NMT 3.0%
• Particulate Matter in Injections
injections.

788 : It meets the requirements for small-volume

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Injections
Solids.
• USP Reference Standards
USP Cefpiramide RS

1 , Containers for Sterile

11
BRIEFING

Ciclopirox Topical Solution. Because there is no existing USP monograph for this dosage form,
a new monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on
analyses performed with the 5-µm Merck Purospher RP18 brand of L1 column. The typical
retention time for ciclopirox is about 10 min.
(SM1: B. Davani, R. Tirumalai.)
Correspondence Number—C90211

Comment deadline: July 31, 2011
Add the following:
Ciclopirox Topical Solution
DEFINITION
Ciclopirox Topical Solution contains NLT 95.0% and NMT 105.0% of the labeled amount of
ciclopirox (C12 H17 NO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[NOTE—Protect the Standard solution and Sample solution from light.]
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Buffer: Transfer 5.25 g of citric acid and 25 mL of 0.1 M edetate disodium to a 1-L
volumetric flask, and dilute with water to volume. Adjust with 8.5% diluted sodium
hydroxide solution to a pH of 6.5.
Mobile phase: Acetonitrile and Buffer (35:65)
Standard solution: 0.2 mg/mL of USP Ciclopirox RS and 1 µg/mL each of USP Ciclopirox
Related Compound B RS and USP Ciclopirox Related Compound C RS in methanol
Sample solution: Equivalent to 0.2 mg/mL of ciclopirox in methanol from Topical Solution.
Pass through a filter of 0.45-µm pore size, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 303 nm
Column: 4-mm × 12.5-cm; 5-µm packing L1
Column temperature: 30 ± 5
Flow rate: 0.9 mL/min
Run time: 5 times the retention time of the major peak
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—For information only, see Table 1 for relative retention times of impurities.]
Suitability requirements
Resolution: NLT 3.0 between ciclopirox and ciclopirox related compound B; and NLT 3.0
between ciclopirox related compound C and ciclopirox
Tailing factor: NMT 2.0 for the ciclopirox peak
Relative standard deviation: NMT 2.0% for the ciclopirox peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ciclopirox (C12 H17 NO2 ) in the portion of
Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ciclopirox RS in the Standard solution (mg/mL)
C=
U nominal concentration of ciclopirox in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirement
IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Standard solution, Sample solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay.
Analysis
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Sample: Sample solution
Calculate the percentage of each impurity in the portion of Topical Solution taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of responses of all the peaks in the Sample solution
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Compound
Relative
Relative
Retention
Response
Time
Factor
Ciclopirox related compound C
0.54
1.3
Ciclopirox
1.0
—
a
Ciclopirox related compound B
—
1.87
Any unspecified individual impurity —
1.0
Total impurities
—
—
a Process impurity already monitored in the drug substance.

Acceptance
Criteria,
NMT (%)
0.5
—
—
0.2
1.2

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests For Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/g, and the total combined molds and
yeasts count does not exceed 101 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
controlled room temperature.
• USP Reference Standards 11
USP Ciclopirox RS
USP Ciclopirox Related Compound B RS
6-Cyclohexyl-4-methyl-2-pyrone.
C12 H16 O2
192.25
USP Ciclopirox Related Compound C RS
6-Cyclohexyl-4-methylpyridin-2(1H)-one.
C12 H17 NO
191.27
1S (USP35)

BRIEFING
Diphenhydramine Citrate and Ibuprofen Tablets. Because there is no existing USP
monograph for this drug product, a new monograph is being proposed. The liquid
chromatographic procedures in the Assay and the test for Dissolution were validated with
the Inertsil ODS 3V brand of L1 column, in which diphenhydramine elutes at about 1.8 min
and ibuprofen elutes at about 14 min. The liquid chromatographic procedure in the test for
Organic Impurities was validated with the Zorbax Eclipse XDB brand of L1 column, in which

PF 37(3): May-Jun. 2011

211

diphenhydramine elutes at about 13 min and ibuprofen elutes at about 70 min. The liquid
chromatographic procedure in the test for Limit of Ibuprofen Related Compound C was
validated using the Hypersil BDS brand of column containing L1 packing, in which ibuprofen
related compound C elutes at about 5.4 min.
(SM4: D. Vicchio, M. Marques.)
Correspondence Number—C87751

Comment deadline: July 31, 2011
Add the following:
Diphenhydramine Citrate and Ibuprofen Tablets
DEFINITION
Diphenhydramine Citrate and Ibuprofen Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amounts of diphenhydramine citrate (C17 H21 NO·C6 H8 O7 ) and ibuprofen (C13 H18 O2 ).
IDENTIFICATION
• A. The retention times of the diphenhydramine and ibuprofen peaks from the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: 6.9 g/L of monobasic sodium phosphate in water
Buffer B: 6.9 g/L of monobasic sodium phosphate in water. Adjust with triethylamine to a
pH of 7.2.
Mobile phase: Acetonitrile, triethylamine, glacial acetic acid, and Buffer A (45:0.2:0.2:55)
Diluent: Acetonitrile and Buffer B (3:2)
Standard solution: 1.1 mg/mL of USP Diphenhydramine Citrate RS and 5.7 mg/mL of USP
Ibuprofen RS in Diluent.[Note—Sonicate as necessary ]
Sample solution: Transfer 10 Tablets into a suitable volumetric flask, add 350 mL of
Diluent, and shake with a rotary shaker for 20 min. Sonicate for 20 min with intermediate
shaking to obtain a solution containing about 1.1 mg/mL of diphenhydramine citrate and
5.7 mg/mL of ibuprofen. Centrifuge an aliquot at 4000 rpm for 10 min, and use the
supernatant.[Note—Do not dilute to volume. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection size: 20 µL
Run time: 1.3 times the retention time of ibuprofen
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both diphenhydramine and ibuprofen

PF 37(3): May-Jun. 2011

212

Relative standard deviation: NMT 2.0% for both diphenhydramine and ibuprofen
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of diphenhydramine citrate
(C17 H21 NO·C6 H8 O7 ) and ibuprofen (C13 H18 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the corresponding analyte from the Sample solution
rS= peak response of the corresponding analyte from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding analyte in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% for both diphenhydramine citrate and ibuprofen
PERFORMANCE TESTS
• Dissolution 711
Medium: pH 6.5 phosphate buffer (Transfer 250 mL of 0.2 M monobasic potassium
phosphate and 58 mL of 0.2 M sodium hydroxide to a 1000-mL volumetric flask, and dilute
with water to volume.); 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 30 min
Buffer solution: 6.9 g/L of sodium dihydrogen phosphate monohydrate in water
Ibuprofen standard stock solution: 1.1 mg/mL of USP Ibuprofen RS in acetonitrile
Diphenhydramine citrate standard stock solution: 1.1 mg/mL of USP Diphenhydramine
Citrate RS in water
Standard solution: Transfer 5 mL of the Ibuprofen standard stock solution and 1 mL of
Diphenhydramine citrate standard stock solution to a 25-mL volumetric flask, and dilute
with Medium to volume.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Mobile phase: Acetonitrile, triethylamine, glacial acetic acid, and Buffer solution
(45:0.2:0.2:55)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm, 5-µm packing L1
Flow rate: 1.2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both diphenhydramine and ibuprofen
Relative standard deviation: NMT 2.0% for both diphenhydramine and ibuprofen
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diphenhydramine and ibuprofen dissolved:
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Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of ibuprofen or diphenhydramine from the Sample solution
rS= peak response of ibuprofen or diphenhydramine from the Standard solution
C=
S concentration of ibuprofen or diphenhydramine in the Standard solution
L= label claim for ibuprofen or diphenhydramine (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amounts of diphenhydramine and ibuprofen are
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer A: 1 mL of phosphoric acid in 1 L of water. Adjust with triethylamine to a pH of 3.2.
Buffer B: 1 mL of phosphoric acid and 1.0 g of monobasic potassium phosphate in 1 L of
water. Adjust with triethylamine to a pH of 3.7.
Solution A: Acetonitrile and Buffer A (1:4)
Solution B: Acetonitrile and Buffer B (1:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
100
0
30
50
50
45
50
50
80
40
60
85
100
0
100
100
0
Standard solution: 0.004 mg/mL of USP Diphenhydramine Citrate RS and 0.02 mg/mL of
USP Ibuprofen RS in Solution B
System suitability solution: 0.004 mg/mL of USP Diphenhydramine Related Compound A
RS, 0.8 mg/mL of USP Diphenhydramine Citrate RS, and 4 mg/mL of USP Ibuprofen RS in
Solution B
Sample solution: Transfer an amount of powder from ground Tablets (NLT 20) to a
suitable volumetric flask. Add 70% of the flask volume of Solution B, sonicate for 20 min
and dilute with Solution B to volume to obtain a solution containing about 0.8 mg/mL of
diphenhydramine citrate and 4 mg/mL of ibuprofen. Centrifuge an aliquot at 4000 rpm for
10 min, and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
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Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 0.8 between diphenhydramine and diphenhydramine related
compound A, System suitability solution
Tailing factor: NMT 2.0 for both diphenhydramine and ibuprofen, Standard solution
Relative standard deviation: NMT 5.0% for both diphenhydramine and ibuprofen,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Identify the ibuprofen and diphenhydramine impurities using the relative retention times
given in Table 2. Calculate the percentage of each diphenhydramine impurity and
unspecified impurities in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of diphenhydramine from the Standard solution
C=
S concentration of USP Diphenhydramine Citrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of diphenhydramine citrate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Calculate the percentage of the ibuprofen related impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of the ibuprofen related impurity from the Sample solution
rS= peak response of ibuprofen from the Standard solution
C=
S concentration of USP Ibuprofen RS in the Standard solution (mg/mL)
C=
U nominal concentration of ibuprofen in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
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Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Diphenhydramine related compound Aa
0.95
1.3
0.26
Diphenhydramine
1.00
1.0
—
Unidentified diphenhydramine
degradation product
1.32
1.0
0.2
Unidentified diphenhydramine
degradation product
1.46
1.0
0.2
Unidentified ibuprofen degradation
product
1.49
1.0
0.1
b
,
c
Methyl ibuprofen
1.86
—
—
Unidentified diphenhydramine
degradation product
1.96
1.0
0.2
Benzhydryl bromided
2.49
2.4
0.26
b
,
e
Ibuprofen amide
2.87
—
—
Isopropyl ibuprofenb,f
3.45
—
—
b
,
g
n-Propyl ibuprofen
3.71
—
—
meta-Ibuprofenb,h
5.09
—
—
Ibuprofen
5.31
—
—
b
,
i
n-Butyl ibuprofen
5.68
—
—
Any other individual unspecified
degradation product j
—
1.0
0.2
Total impuritiesk
—
—
1.0
a 2-(Diphenylmethoxy)-N-methylethanamine.
b Process impurity provided for information only; the content is not calculated and not
reported.
c 2-p-Tolylpropanoic acid.
d (Bromomethylene)dibenzene.
e 2-(4-Isobutylphenyl) propanamide.
f 2-(4-Isopropylphenyl)propanoic acid.
g 2-(4-Propylphenyl)propanoic acid.
h 2-(3-Isobutylphenyl)propanoic acid.
i 2-(4-Butylphenyl)propanoic acid.
j Exclude peaks that elute before 4 min or after 80 min.
k Total impurities excludes ibuprofen related compound C.
• Limit of Ibuprofen Related Compound C
Buffer: 10 g/L of chloroaectic acid in water. Adjust with ammonium hydroxide to a pH of
3.0.
Mobile phase: Acetonitrile and Buffer (3:2)
Internal standard solution: 0.35 mg/mL of valerophenone in Mobile phase
Standard stock solution: 0.6 mg/mL of USP Ibuprofen Related Compound C RS in
acetonitrile
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Standard solution: 0.012 mg/mL of USP Ibuprofen Related Compound C RS in Internal
standard solution; prepared by diluting 2 mL of Standard stock solution with Internal
standard solution to 100 mL.
Sample solution: Transfer an amount of powder equivalent to 1200 mg of ibuprofen from
ground Tablets (NLT 20) to a suitable volumetric flask. Add 100 mL of Internal standard
solution, and sonicate for 20 min to obtain a solution containing about 12 mg/mL of
ibuprofen. Pass through a suitable filter, and use the filtrate. [Note—Do not dilute to
volume. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for valerophenone and ibuprofen related compound C
are 0.86 and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.5 for both valerophenone and ibuprofen related compound C
Relative standard deviation: NMT 2.0%
Resolution: NLT 2.5 between the valerophenone and ibuprofen related compound C
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ibuprofen related compound C (C12 H16 O) in the portion of
Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of ibuprofen to valerophenone from the Sample solution
R=
S peak area ratio of ibuprofen to valerophenone from the Standard solution
C=
S concentration of USP Ibuprofen Related Compound C RS in the Standard solution
(mg/mL)
C=
U nominal concentration of ibuprofen in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1% of Ibuprofen related compound C
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Diphenhydramine Citrate RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine.
C16 H29 NO
241.33
USP Ibuprofen RS
USP Ibuprofen Related Compound C RS
4-Isobutylacetophenone.
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176.25

1S (USP35)

BRIEFING
Diphenhydramine Hydrochloride, USP 34 page 2597. In response to USP's monograph
modernization initiative, the FDA commented that this monograph is on the list of “most in
need of modernization” because it does not include a test for Organic Impurities. Based on
this comment, the following changes are proposed:
1.
Add a test for Organic Impurities based on the Related substances procedure from the
7th edition of the European Pharmacopoeia. The procedure uses a Lichrospher RPSelect B brand of L7 column, from which diphenhydramine elutes at about 6 min.
2.
Replace the Assay HPLC procedure with the titration procedure in the European
Pharmacopoeia monograph. Revise the acceptance criteria from 98.0%–102.0% to
99.0%–101.0% to reflect the change in the procedure.
3.
Replace the Identification—Organic Nitrogenous Bases 181 procedure, which uses
carbon disulfide and requires extensive sample preparation, with the Infrared
Absorption 197K procedure.
4.
Revise Identification test B to reference the test for Organic Impurities instead of the
Assay.
5.
Add the test for Acidity or Alkalinity from the European Pharmacopoeia.
6.
Delete the nonspecific test for Melting Range or Temperature. This test is no longer
necessary because a specific HPLC-based test for Organic Impurities is being added.
All interested parties are encouraged to provide comments on the proposed revisions.
(SM4: D. Vicchio.)
Correspondence Number— C98791

Comment deadline: July 31, 2011
Diphenhydramine Hydrochloride

C17 H21 NO·HCl

291.82

Ethanamine, 2-(diphenylmethoxy)-N,N-dimethyl-, hydrochloride;
2-(Diphenylmethoxy)-N,N-dimethylethylamine hydrochloride
[147-24-0].
DEFINITION
Change to read:
Diphenhydramine Hydrochloride contains NLT 98.0% and NMT 102.0%
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NLT 99.0% and NMT 101.0%

1S (USP35)

of diphenhydramine hydrochloride (C17 H21 NO·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Identification—Organic Nitrogenous Bases
Infrared Absorption 197K

181

1S (USP35)

: It meets the requirements.
1S (USP35)

Change to read:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
as obtained in the test for Organic Impurities. 1S (USP35)
• C. Identification Tests—General, Chloride

191

ASSAY
Delete the following:
• Procedure
Mobile phase: Acetonitrile, triethylamine, and water (100:1:100). Adjust with glacial
acetic acid to a pH of 6.5.
System suitability solution: Dissolve 5 mg of benzophenone in 5 mL of acetonitrile, and
dilute with water to 100 mL. Transfer 1.0 mL of this solution and 5 mg of
diphenhydramine hydrochloride to a 10-mL volumetric flask, and dilute with water to
volume.
Standard solution: 0.5 mg/mL of USP Diphenhydramine Hydrochloride RS in water
Sample solution: 0.5 mg/mL of Diphenhydramine Hydrochloride in water. Filter.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the benzophenone and diphenhydramine peaks, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
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Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of diphenhydramine hydrochloride (C17 H21 NO·HCl) in the portion
of sample taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%, on the dried basis
Add the following:
• Procedure
Sample solution: Dissolve 250 mg of Diphenhydramine Hydrochloride in 50 mL of alcohol.
Add 5.0 mL of 0.01 N hydrochloric acid.
Titrimetric system
(See Titrimetry 541 .)
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Analysis: Titrate with Titrant, determining the endpoint potentiometrically. Read the
volume added between the two points of inflection. Each mL of 0.1 N sodium hydroxide is
equivalent to 29.18 mg of C17 H21 NO·HCl.
Acceptance criteria: 99.0%–101.0% on the dried basis 1S (USP35)
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Add the following:
• Organic Impurities
Buffer: 5.4 g/L of potassium phosphate, monobasic. Adjust with phosphoric acid to a pH of
3.0.
Mobile phase: Acetonitrile and Buffer (35:65)
System suitability solution: 0.1 mg/mL each of USP Diphenhydramine Related Compound
A RS, benzhydrol, and USP Diphenhydramine Hydrochloride RS in Mobile phase
Standard solution: 0.0035 mg/mL of USP Diphenhydramine Hydrochloride RS in Mobile
phase
Sample solution: 0.7 mg/mL of diphenhydramine hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection size: 10 µL
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Run time: 7 times the retention time of diphenhydramine
System suitability
[NOTE—See Table 1 for relative retention times.]
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between diphenhydramine related compound A and
diphenhydramine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Diphenhydramine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of diphenhydramine from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Diphenhydramine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. [Note—Disregard peaks that are less than 0.05% of the
diphenhydramine peak. ]

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Diphenhydramine related compound Aa 0.9
1.0
Diphenhydramine
1.0
—
4-Methyl diphenhydramineb
1.5
1.0
c
4-Bromo diphenhydramine
1.8
1.0
d
Benzhydrol
2.6
1.4
Benzophenonee
5.1
1.0
Any other unspecified impurity
—
1.0
Total impurities
—
—
a 2-(Diphenylmethoxy)-N-methylethanamine.
b 2-[(RS)-(4-Methylphenyl)phenylmethoxy]-N,N-dimethylethanamine.
c 2-[(RS)-(4-Bromophenyl)phenylmethoxy]-N,N-dimethylethanamine.
d Diphenylmethanol.
e Diphenylmethanone.
1S (USP35)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
Add the following:

741 : 167 –172

1S (USP35)

Acceptance
Criteria,
NMT (%)
0.5
—
0.3
0.3
0.3
0.3
0.3
1.0
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Add the following:
• Acidity or Alkalinity
Sample solution: 50 mg/mL of Diphenhydramine Hydrochloride in carbon dioxide-free water
Analysis: To 10 mL of the Sample solution, add 0.15 mL of methyl red TS 2 and 0.25 mL of
0.01 N hydrochloric acid. The solution is pink. Titrate with 0.01 N sodium hydroxide.
Acceptance criteria: NMT 0.5 mL of 0.01 N sodium hydroxide is required to change the
color of the solution to yellow.
1S (USP35)

• Loss on Drying 731 : Dry a sample at 105 for 3 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
temperature.
Change to read:
• USP Reference Standards 11
USP Diphenhydramine Hydrochloride RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO·HCl
277.79 1S (USP35)
BRIEFING
Esomeprazole Magnesium Delayed-Release Capsules. Because there is no existing USP
monograph for this dosage form, a new monograph, based on validated methods of analyses,
is proposed. The HPLC procedure in Identification test A is based on analyses performed with
Chiral AGP brand of L41 column. The typical retention time of the esomeprazole peak is
about 3.5 min. The HPLC procedure in the Assay and in the Dissolution test is based on
analyses performed with Hypersil HyPurity C18 and Zorbax Eclipse XDB-C18 brands of L1
column. The typical retention time of esomeprazole is about 4 min. The HPLC procedure in
the test for Organic Impurities is based on analyses performed with MicroSpher C18 brand of
L1 column. The typical retention time of esomeprazole is about 17 min.
(SM3: E. Gonikberg, L. Santos, M. Marques.)
Correspondence Number—C93128

Comment deadline: July 31, 2011
Add the following:
Esomeprazole Magnesium Delayed-Release Capsules
DEFINITION
Esomeprazole Magnesium Delayed-Release Capsules contain an amount of Esomeprazole
Magnesium equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of esomeprazole
(C17 H19 N3 O3 S).
IDENTIFICATION
• A.
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Buffer: Prepare a pH 6.0 phosphate buffer containing 26.6 g/L of dibasic sodium phosphate
dihydrate and 55.2 g/L of monobasic sodium phosphate monohydrate in water.
Diluent: Prepare a pH 11.0 diluent as follows. Dissolve 5.24 g of tribasic sodium phosphate
dodecahydrate in water. Add 110 mL of 0.5 M dibasic sodium phosphate solution, and
dilute with water to 1000 mL.
Mobile phase: Transfer 150 mL of acetonitrile and 85 mL of the Buffer to a 1000-mL
volumetric flask, and dilute with water to volume.
Standard stock solution: Prepare a solution containing 0.2 mg/mL of USP Omeprazole RS
by dissolving a suitable amount first in alcohol, using 20% of the final volume, and then
diluting with Diluent to volume.
Standard solution: 0.02 mg/mL of USP Omeprazole RS from the Standard stock solution, in
water
Sample stock solution: Transfer a portion of the Capsule content, equivalent to 20 mg of
esomeprazole, to a 200-mL volumetric flask, add 120 mL of Diluent, and shake for 20 min
to dissolve the pellets. Sonicate for a few min, if needed, to completely dissolve. Add 40
mL of alcohol, and sonicate for a few min. Cool, and dilute with Diluent to volume. Pass a
portion of the solution through a filter of 1-µm pore size.
Sample solution: 0.01 mg/mL of esomeprazole from the Sample stock solution in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 302 nm
Column: 4.0-mm × 10-cm; 5-µm packing L41
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—The elution order is the R-enantiomer, followed by the esomeprazole peak, which
is the S-enantiomer.]
Suitability requirements
Resolution: NLT 1 between the enantiomer peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the ratio of the retention times of the esomeprazole peak in the Standard
solution and the Sample solution:
Result = (t U/t S)
t=
U retention time of esomeprazole from the Sample solution
t=
S retention time of esomeprazole from the Standard solution
Acceptance criteria: 0.98–1.02
ASSAY
• Procedure
Buffer: Prepare a pH 7.3 phosphate buffer by mixing 10.5 mL of 1.0 M monobasic sodium
phosphate buffer and 60 mL of 0.5 M dibasic sodium phosphate buffer, and diluting with
water to 1000 mL.
Diluent: Prepare as directed in Identification test A.
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Mobile phase: Mix 350 mL of acetonitrile and 500 mL of the Buffer. Dilute with water to
1000 mL.
Standard solution: Transfer 10 mg of USP Omeprazole RS to a 250-mL volumetric flask,
and dissolve in about 10 mL of methanol. Add 40 mL of Diluent, and dilute with water to
volume. This solution contains 0.04 mg/mL of USP Omeprazole RS.
Sample stock solution: Mix the contents of NLT 20 Capsules. Transfer a portion of the
Capsule content, equivalent to 20 mg of esomeprazole, to a 100-mL volumetric flask, add
60 mL of Diluent, and shake for 20 min to dissolve the pellets. Sonicate for a few min, if
needed, to completely dissolve. Add 20 mL of alcohol, and sonicate for a few min. Cool,
and dilute with Diluent to volume. Pass a portion of the solution through a filter of 1-µm
pore size.
Sample solution: 0.04 mg/mL of esomeprazole from the Sample stock solution in water.
Store this solution protected from light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 302 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of esomeprazole (C17 H19 N3 O3 S) in the
portion of the Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of esomeprazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 300 mL. After 2 h, continue with a pH 6.8 phosphate
buffer as follows. To the vessel, add 700 mL of 0.086 M dibasic sodium phosphate, and
adjust with 2 N hydrochloric acid or 2 N sodium, if necessary, to a pH of 6.8 ± 0.05.
Apparatus 2: 100 rpm
Time: 30 min in a pH 6.8 phosphate buffer
Standard solution: Prepare a solution containing 2 mg/mL of USP Omeprazole RS in
alcohol. Dilute this solution with pH 6.8 phosphate buffer to obtain a solution containing
(L/1000) mg/mL, where L is the label claim, in mg/Capsule. Immediately add 2 mL of 0.25
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M sodium hydroxide to 10 mL of this solution, and mix. [Note—Do not allow the solution to
stand before adding the sodium hydroxide solution. ]
Sample solution: After 30 min in pH 6.8 phosphate buffer, pass a portion of the solution
under test through a suitable filter. Transfer 5.0 mL of the filtrate to a suitable glassware
containing 1.0 mL of 0.25 M sodium hydroxide. Mix well. Protect from light.
Buffer, Diluent, Mobile phase, System suitability, and Chromatographic system:
Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of esomeprazole (C17 H19 N3 O3 S) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 1000 mL
Tolerances: NLT 75% (Q) of the labeled amount of esomeprazole (C17 H19 N3 O3 S) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer: Prepare a pH 7.6 phosphate buffer by mixing 5.2 mL of 1.0 M monobasic sodium
phosphate buffer and 63 mL of 0.5 M dibasic sodium phosphate buffer, and diluting with
water to 1000 mL.
Solution A: Mix 100 mL of acetonitrile and 100 mL of the Buffer. Dilute with water to 1000
mL.
Solution B: Mix 800 mL of acetonitrile and 10 mL of the Buffer. Dilute with water to 1000
mL.
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
100
0
10
80
20
30
0
100
31
100
0
45
100
0
Diluent: Prepare as directed in Identification test A.
System suitability stock solution: 1 mg/mL each of USP Omeprazole RS and USP
Omeprazole Related Compound A RS in methanol
System suitability solution: 1 µg/mL each of USP Omeprazole RS and USP Omeprazole
Related Compound A RS from System suitability stock solution, in a mixture of Diluent and
water (1:4)
Sample solution: Transfer a portion of the powdered pellets, from the Capsule content,
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equivalent to 80–90 mg of esomeprazole, to a 200-mL volumetric flask, add 20 mL of
methanol, and shake for 30 s. Add 40 mL of Diluent, shake for 30 s by hand, and sonicate
for a few min. Cool, and dilute with water to volume. Pass a portion of the solution
through a filter of 0.45-µm pore size. [Note—The solution is stable for 3 h if stored
protected from light. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 302 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
[NOTE—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between omeprazole related compound A and omeprazole
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of the Capsules taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all peak responses
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Name
Time
Omeprazole sulfonea
0.93
Omeprazole
1.00
Any other individual impurity
—
Total impurities
—
a Omeprazole related compound A.

Acceptance
Criteria,
NMT (%)
0.5
—
0.2
2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at room temperature.
• USP Reference Standards 11
USP Omeprazole RS
USP Omeprazole Related Compound A RS
(Omeprazole sulfone; 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2pyridinyl)methyl]sulfonyl]-1H-benzimidazole).
C17 H19 N3 O4 S
361.42
1S (USP35)

BRIEFING
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Conjugated Estrogens, USP 34 page 2756. On the basis of comments received, it is proposed
to make the following revisions:
1.
Under Packaging and Storage, replace “Store at 25 ; excursions permitted between 15
and 30 ” with “Store at controlled room temperature” to be consistent with the
definition in the General Notices. Add refrigeration as a storage condition to match
the conditions used by an FDA approved manufacturer.
2.
For clarity, the equation for calculating percentage of free steroids is added to the Free
Steroids test.
3.
The chemical name for USP 17 -Dihydroequilin RS is added under USP Reference
Standards.
(SM4: D. Vicchio.)
Correspondence Number—C97826

Comment deadline: July 31, 2011
Conjugated Estrogens
DEFINITION
Conjugated Estrogens is a mixture of sodium estrone sulfate and sodium equilin sulfate, derived
wholly or in part from equine urine or synthetically from estrone and equilin. It contains other
conjugated estrogenic substances of the type excreted by pregnant mares. It is a dispersion of
the estrogenic substances on a suitable powdered diluent.
Conjugated Estrogens contains NLT 52.5% and NMT 61.5% of sodium estrone sulfate and NLT
22.5% and NMT 30.5% of sodium equilin sulfate, and the total of sodium estrone sulfate and
sodium equilin sulfate is NLT 79.5% and NMT 88.0% of the labeled content of Conjugated
Estrogens. Conjugated Estrogens contains concomitant components as sodium sulfate
conjugates NLT 13.5% and NMT 19.5% of 17 -dihydroequilin, NLT 2.5% and NMT 9.5% of 17
-estradiol, and NLT 0.5% and NMT 4.0% of 17 -dihydroequilin of the labeled content of
Conjugated Estrogens.
IDENTIFICATION
• A. The relative retention times of the 17 -dihydroequilin peak, the estrone peak, and the
equilin peak from the Sample solution correspond to those from the Standard solution, as
obtained in the Assay.
• B. The chromatogram of Conjugated Estrogens from the Sample solution in the Assay
exhibits additional peaks or shoulders, corresponding to 17 -estradiol and 17 dihydroequilin at retention times of about 0.24 and 0.35, relative to that of 3-Omethylestrone.
ASSAY
• Procedure
Buffer: Sodium acetate TS, 1 N acetic acid, and water (79:21:400). Adjust with 1 N acetic
acid or sodium acetate TS to a pH of 5.2 ± 0.1, if necessary.
Internal standard solution: 150 µg/mL of 3-O-methylestrone in methanol
Standard stock solution: 160 µg/mL, 70 µg/mL, and 50 µg/mL each of USP Estrone RS,
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USP Equilin RS, and USP 17 -Dihydroequilin RS, respectively, in alcohol
Standard solution: Pipet 1.0 mL of the Internal standard solution and 1.0 mL of the
Standard stock solution into a suitable centrifuge tube fitted with a tight screw cap or
stopper. Evaporate the mixture with the aid of a stream of nitrogen to dryness,
maintaining the temperature below 50 . To the dry residue, add 15 µL of dried pyridine
and 65 µL of bis(trimethylsilyl)trifluoroacetamide containing 1% trimethylchlorosilane.
Immediately cover the tube tightly, mix, and allow to stand for 15 min. Add 0.5 mL of
toluene, and mix.
System suitability solution: Pipet 1.0 mL of a 2.0-µg/mL solution of USP Estradiol RS (17
-estradiol) in alcohol, 1.0 mL of Internal standard solution, and 1.0 mL of Standard stock
solution into a centrifuge tube fitted with a tight screw cap or stopper. Proceed as
directed for Standard solution, beginning with “Evaporate the mixture…”.
Sample solution: Transfer a quantity of Conjugated Estrogens, equivalent to 2 mg of total
conjugated estrogens, to a 50-mL centrifuge tube, fitted with a polytef-lined screw cap,
containing 15 mL of Buffer and 1 g of barium chloride. Cap the tube tightly, and shake for
30 min. If necessary, adjust the solution with 1 N acetic acid or sodium acetate to a pH of
5.0 ± 0.5. Sonicate for 30 s, then shake for an additional 30 min. Add a suitable sulfatase
enzyme solution equivalent to 2500 Units, and shake for 20 min in a water bath maintained
at 50 . Add 15.0 mL of ethylene dichloride to the warm mixture, cap the tube again, and
shake by mechanical means for 15 min. Centrifuge for 10 min or until the lower layer is
clear. Transfer as much of the organic phase as possible, and dry by rapidly passing
through a filter consisting of a pledget of dry glass wool and 5 g of anhydrous sodium
sulfate in a small funnel. Protect from loss by evaporation. Transfer 3.0 mL of the solution
to a suitable centrifuge tube fitted with a tight screw cap or stopper. Add 1.0 mL of
Internal standard solution. Proceed as directed for Standard solution, beginning with
“Evaporate the mixture…”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 15-m fused silica capillary column, bonded with a 0.25-µm layer of
phase G19
Temperature
Column: 208
Injector port: 260
Detector: 260
Carrier gas: Hydrogen
Flow rate: 2 mL/min
Injection mode: Split
Split flow rate: 40–60 mL/min
Injection size: 1 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—Adjust the operating conditions as necessary to maintain the elution time of the
3-O-methylestrone peak between 17 and 25 min.]
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[NOTE—The relative retention times for 17 -estradiol, 17 -dihydroequilin, estrone,
equilin, and 3-O-methylestrone are 0.29, 0.30, 0.80, 0.87, and 1.00, respectively.]
Suitability requirements
Resolution: NLT 1.2 between estrone and equilin, System suitability solution
Tailing factor: NMT 1.3 for the estrone peak, System suitability solution
Relative standard deviation: NMT 2.0% for the estrone peak ratios for NLT four
injections of the Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium estrone sulfate and sodium equilin sulfate in the
portion of Conjugated Estrogens taken:
Result = (RU/RS) × (CS/CU) × F × 100
RU= ratio of the peak response of the appropriate analyte to that of the internal standard
from the Sample solution
RS= ratio of the peak response of the appropriate analyte to that of the internal standard
from the Standard solution
C=
S concentration of USP Estrone RS or USP Equilin RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
F= conversion factor (ratio of molecular weight of sodium salts to free estrogen), 1.381
Acceptance criteria: 52.5%–61.5% of sodium estrone sulfate and 22.5%–30.5% of sodium
equilin sulfate
OTHER COMPONENTS
• Content of 17 -Dihydroequilin, 17 -Dihydroequilin, and 17 -Estradiol (concomitant
components)
Buffer, Internal standard solution, Standard stock solution, Standard solution,
System suitability solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
[NOTE—The relative retention times for 17 -estradiol, 17 -dihydroequilin, and 17 dihydroequilin are about 0.82, 1.00, and 1.11, respectively.]
Identify the peaks for 17 -estradiol, 17 -dihydroequilin, and 17 -dihydroequilin from the
Sample solution.
Calculate the percentages of 17 -estradiol, 17 -dihydroequilin, and 17 -dihydroequilin
as their sodium sulfate salts in the portion of Conjugated Estrogens taken:
Result = (RU/RS) × (CS/CU) × F × 100
RU= ratio of the peak response of the appropriate analyte to that of the internal standard
from the Sample solution
R=
S ratio of the peak response of 17 -dihydroequilin to that of the internal standard from
the Standard solution
C=
S concentration of USP 17 -Dihydroequilin RS in the Standard solution (µg/mL)
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C=
U concentration of the Sample solution (µg/mL)
F= conversion factor (ratio of molecular weight of sodium salts to free estrogen), 1.381
Acceptance criteria: NLT 13.5% and NMT 19.5% of 17 -dihydroequilin, NLT 2.5% and
NMT 9.5% of 17 -estradiol, and NLT 0.5% and NMT 4.0% of 17 -dihydroequilin, as their
sodium sulfate conjugates
IMPURITIES
• Limits of 17 -Dihydroequilenin, 17 -Dihydroequilenin, and Equilenin (signal impurities)
Buffer, Internal standard solution, Standard stock solution, Standard solution,
System suitability solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
[NOTE—The relative retention times for dihydroequilenin, 17 -dihydroequilenin, 3-Omethylestrone, and equilenin are 0.56, 0.64, 1.0, and 1.3, respectively.]
Identify any peaks for dihydroequilenin, 17 -dihydroequilenin, 3-O-methylestrone, and
equilenin from the Sample solution. Calculate the percentages of 17 -dihydroequilenin, 17
-dihydroequilenin, and equilenin as their sodium sulfate salts in the portion of Conjugated
Estrogens taken:
Result = (RU/RS) × (CS/CU) × F × 100
RU= ratio of the peak response of the appropriate analyte to that of the internal standard
from the Sample solution
RS= ratio of the peak response of estrone to that of the internal standard from the Standard
solution
C=
S concentration of USP Estrone RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
F= conversion factor (ratio of molecular weight of sodium salts to free estrogen), 1.381
Acceptance criteria: NMT 3.25%, NMT 2.75%, and NMT 5.5% of the labeled content of
Conjugated Estrogens for 17 -dihydroequilenin, 17 -dihydroequilenin, and equilenin,
respectively, as their sodium sulfate salts
• Limits of 17 -Estradiol and D 8,9-Dehydroestrone
Buffer, Internal standard solution, Standard stock solution, Standard solution,
System suitability solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
[NOTE—The relative retention times of 17 -estradiol, 3-O-methylestrone, and D8,9dehydroestrone are about 0.29, 1.0, and 0.9, respectively.]
Identify any peaks for 17 -estradiol, 3-O-methylestrone, and D8,9-dehydroestrone from
the Sample solution.
Calculate the percentages of 17 -estradiol and D8,9-dehydroestrone as their sodium
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sulfate salts in the portion of Conjugated Estrogens taken:
Result = (RU/RS) × (CS/CU) × F × 100
R=
U ratio of the peak response of the appropriate analyte to that of the internal standard
from the Sample solution
R=
S ratio of the peak response of estrone to that of the internal standard from the Standard
solution
C=
S concentration of USP Estrone RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
F= conversion factor (ratio of molecular weight of sodium salts to free estrogen), 1.381
Acceptance criteria: NMT 2.25% and NMT 6.25% of the labeled content of Conjugated
Estrogens for 17 -estradiol and D8,9-dehydroestrone, respectively, as their sodium sulfate
salts
Change to read:
• Limit of Estrone, Equilin, and 17 -Dihydroequilin (free steroids)
Buffer, Internal standard solution, Standard stock solution, System suitability
solution, and Chromatographic system: Proceed as directed in the Assay.
Free steroids standard solution: Dilute the Standard stock solution tenfold. Pipet 1.0 mL
of the resulting solution and 1.0 mL of the Internal standard solution into a suitable
centrifuge tube fitted with a tight screw cap or stopper. Proceed as directed for Standard
solution in the Assay, beginning with “Evaporate the mixture…”.
Sample solution: Proceed as directed for Sample solution in the Assay with the following
exceptions: do not add the sulfatase enzyme solution, and transfer 6.0 mL of the solution,
instead of 3.0 mL, to the centrifuge tube.
Blank solution: Prepare a reagent blank in the same manner as the Sample solution.
System suitability: Proceed as directed in the Assay with the additional requirement that
the relative standard deviation for the ratio of the peak response of estrone to that of the
internal standard in the Free steroids standard solution is NMT 5.5%, from NLT two
replicate injections.
Analysis
Samples: Free steroids standard solution and Sample solution
Calculate the ratio, RU, of the combined peak areas of estrone, equilin, and 17 -dihydroequilin
relative to the area of the internal standard in the Sample solution, correcting for any
reagent blank peaks.
Acceptance criteria: NMT 0.65 (1.3% of free steroids), for the ratio RU /RS, where RS is
the peak response ratio of estrone to that of the internal standard from the Free
steroids standard solution
Calculate the total percentage of estrone, equilin and 17 -dihydroequilin (free steroids) in the
portion of Conjugated Estrogens taken:
Result = (RU/RS) × (CS/CU) × 100
R=U ratio of the sum of the estrone, equilin, and 17 -dihydroequilin peak areas (corrected for
any peaks found in the Blank solution) to the internal standard peak area from the
Sample solution
R=S ratio of the estrone peak area to the internal standard peak area from the Standard solution
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C=S concentration of USP Estrone RS in the Standard solution (µg/mL)
C=U concentration of the Sample solution (µg/mL)
Acceptance criteria: NMT 1.3% of free steroids 1S (USP35)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers. Store at 25 ; excursions
permitted between 15 and 30 .
Store at controlled room temperature, or under refrigeration.

1S (USP35)

• Labeling: Label it to state the content of Conjugated Estrogens on a weight-to-weight
basis.
Change to read:
• USP Reference Standards 11
USP 17 -Dihydroequilin RS
Estra-1,3,5(10),7-tetraene-3,17 -diol.

1S (USP35)

C18 H22 O2
270.37
USP Equilin RS
USP Estradiol RS
USP Estrone RS
BRIEFING
Esterified Estrogens, USP 34 page 2760. On the basis of comments received and as a result
of the redesign of the monograph, the following changes are proposed:
1.
Remove reference to 17 -dihydroequilin from the monograph because it is not a
component in approved Esterified Estrogens drug substances.
2.
For clarity, add the equation for calculating free steroids to the Free Steroids test.
(SM4: D. Vicchio.)
Correspondence Number—C96049

Comment deadline: July 31, 2011
Esterified Estrogens
DEFINITION
Esterified Estrogens is a mixture of the sodium salts of the sulfate esters of the estrogenic
substances, principally estrone. It is a dispersion of the estrogenic substances on a suitable
powdered diluent. The content of total esterified estrogens is NLT 90.0% and NMT 110.0% of
the labeled amount.
Esterified Estrogens contains NLT 75.0% and NMT 85.0% of sodium estrone sulfate, and NLT
6.0% and NMT 15.0% of sodium equilin sulfate, in such proportion that the total of these two
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components is NLT 90.0%, of the labeled amount of esterified estrogens.
IDENTIFICATION
Change to read:
• A. The Sample solution exhibits peaks for 17 -dihydroequilin
1S (USP35)

estrone and equilin at relative retention times corresponding to those from the Standard
solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Internal standard solution: 150 µg/mL of 3-O-methylestrone in methanol
Standard stock solution: 160 and 70, and 50
1S (USP35)

µg/mL each of USP Estrone RS and USP Equilin RS, and USP 17 -Dihydroequilin RS
1S (USP35)

in alcohol
Standard solution: Pipet 1.0 mL of the Standard stock solution and 1.0 mL of Internal
standard solution into a suitable centrifuge tube fitted with a tight screw cap or stopper.
Evaporate the mixture with the aid of a stream of nitrogen to dryness, maintaining the
temperature below 50 . To the dry residue add 15 µL of dried pyridine and 65 µL of
bis(trimethylsilyl)trifluoroacetamide containing 1% trimethylchlorosilane. Immediately cover
the tube tightly, and allow to stand for 15 min. Add 0.5 mL of toluene.
System suitability stock solution: 2 µg/mL of USP Estradiol RS (17 -estradiol) in alcohol
System suitability solution: Pipet 1.0 mL of System suitability stock solution, 1.0 mL of
Standard stock solution, and 1.0 mL of Internal standard solution into a centrifuge tube
fitted with a tight screw cap or stopper. Proceed as directed for Standard solution,
beginning with “Evaporate the mixture…”.
Buffer: Mix 79 mL of sodium acetate TS with 21 mL of 1 N acetic acid, and dilute with
water to 500 mL. If necessary, adjust the solution with 1 N acetic acid or sodium acetate
TS to a pH of 5.2 ± 0.1.
Sample solution: Transfer the equivalent to 2 mg of total esterified estrogens from
Esterified Estrogens, to a 50-mL centrifuge tube, fitted with a polytef-lined screw cap,
containing 15 mL of Buffer and 1 g of barium chloride. Cap the tube tightly, and shake for
30 min. If necessary, adjust the solution with 1 N acetic acid or sodium acetate to a pH of
5.0 ± 0.5. Sonicate for 30 s, then shake for an additional 30 min. Add a suitable sulfatase
enzyme solution equivalent to 2500 Units, and shake for 20 min in a water bath maintained
at 50 . Add 15.0 mL of ethylene dichloride to the warm mixture, cap the tube again, and
shake by mechanical means for 15 min. Centrifuge for 10 min or until the lower layer is
clear. Transfer as much of the organic phase as possible, and dry by passing rapidly
through a filter consisting of a pledget of dry glass wool and 5 g of anhydrous sodium
sulfate in a small funnel. Protect from loss by evaporation. Transfer 3.0 mL of the solution
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to a suitable centrifuge tube fitted with a tight screw cap or stopper. Add 1.0 mL of
Internal standard solution. Proceed as directed under Standard solution, beginning with
“Evaporate the mixture…”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 15-m fused silica capillary column; with a 0.25-µm layer of phase
G19
Temperature
Column: 208
Detector: 260
Injector port: 260
Carrier gas: Hydrogen
Flow rate: 2 mL/min
Injection mode: Split
Split flow rate: 40–60 mL/min
Injection size: 1 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—Adjust the operating conditions as necessary to maintain the elution time of the
3-O-methylestrone peak at between 17 and 25 min.]
[NOTE—The relative retention times for 17 -estradiol, 17 -dihydroequilin,
1S (USP35)

estrone, equilin, and 3-O-methylestrone are 0.29, 0.30,
1S (USP35)

0.80, 0.87, and 1.00, respectively.]
Suitability requirements
Resolution: NLT 1.2 between estrone and equilin, System suitability solution
Tailing factor: NMT 1.3 for the estrone peak, System suitability solution
Relative standard deviation: NMT 2.0% for the estrone peak ratios for NLT 4
injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Separately calculate the percentage of the labeled amount of sodium estrone sulfate and
sodium equilin sulfate in the portion of Esterified Estrogens taken:
Result = (RU/RS) × (CS/CU) × F × 100
RU= ratio of the estrone or equilin peak area to the 3-O-methylestrone peak area from the
Sample solution
RS= ratio of the estrone or equilin peak area to the 3-O-methylestrone peak area from the
Standard solution
C=
S concentration of USP Estrone RS or USP Equilin RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
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F= factor converting free estrogen to the conjugate ester sodium salt, 1.377 for estrone
and 1.380 for equilin
Acceptance criteria: 90.0%–110.0% of the labeled amount of total esterified estrogens;
75.0%–85.0% of sodium estrone sulfate; 6.0%–15.0% of sodium equilin sulfate, in such
proportion that the total of these two components is NLT 90.0%, of the labeled amount of
esterified estrogens
IMPURITIES
Change to read:
• Free Steroids
Internal standard solution, Buffer, Standard stock solution, Chromatographic
system, and System suitability solution: Proceed as directed in the Assay.
Free steroids standard solution: Dilute the Standard stock solution tenfold. Pipet 1.0 mL
of the resulting solution and 1.0 mL of the Internal standard solution into a suitable
centrifuge tube fitted with a tight screw cap or stopper. Proceed as directed for Standard
solution in the Assay, beginning with “Evaporate the mixture…”
Sample solution: Proceed as directed for Sample solution in the Assay with the following
exceptions: do not add the sulfatase enzyme solution, and transfer 6.0 mL of the filtrate
instead of 3.0 mL to the Sample solution.
Blank solution: Prepare a reagent blank in the same manner as the Sample solution.
System suitability: Proceed as directed in the Assay with the additional requirement that
the relative standard deviation for the ratio of the peak response of estrone to that of the
internal standard in the Free steroids standard solution is NMT 5.5%, on the basis of NLT
two replicate injections.
Analysis
Samples: Free steroids standard solution and Sample solution
Calculate the total percentage of estrone and equilin (free stereoids) in the portion of
Esterified Estrogens taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U ratio of the sum of the estrone and equilin peak areas (corrected for any peaks found in
the Blank solution) to the 3-O-methylestrone peak area from the Sample solution
RS= ratio of the estrone peak area to the 3-O-methylestrone peak area from the Free
steroids standard solution
C=
S concentration of USP Estrone RS in the Free steroids standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: NMT 3.0% of free steroids 1S (USP35)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to state the content of Esterified Estrogens on a weight-to-weight basis.
• USP Reference Standards
USP Equilin RS
USP Estradiol RS

11
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USP Estrone RS
BRIEFING
Esterified Estrogens Tablets, USP 34 page 2760. On the basis of comments received and as a
result of the redesign of the monograph, the following changes are proposed:
1.
Remove reference to 17 -dihydroequilin from the monograph because it is not a
component in approved Esterified Estrogens drug substances.
2.
Delete USP Testosterone RS from the USP Reference Standards
it is no longer used as an internal standard.
3.
Add USP Estradiol RS to the USP Reference Standards

11

11

section, because

section.

(SM4: D. Vicchio.)
Correspondence Number—C96050

Comment deadline: July 31, 2011
Esterified Estrogens Tablets
DEFINITION
Esterified Estrogens Tablets contain NLT 90.0% and NMT 115.0% of the labeled amount of
esterified estrogens as the total of sodium estrone sulfate and sodium equilin sulfate. The ratio
of sodium equilin sulfate to sodium estrone sulfate is NLT 0.071 and NMT 0.20.
IDENTIFICATION
Change to read:
• A. The Sample solution exhibits peaks for 17 -dihydroequilin
1S (USP35)

estrone and equilin at relative retention times corresponding to those from the Standard
solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Internal standard solution: 150 µg/mL of 3-O-methylestrone in methanol
Standard stock solution: 160 and 70 , and 50
1S (USP35)

µg/mL each of USP Estrone RS and USP Equilin RS, and USP 17 -Dihydroequilin RS
1S (USP35)

in alcohol
Standard solution: Pipet 1.0 mL of the Standard stock solution and 1.0 mL of the Internal
standard solution into a suitable centrifuge tube fitted with a tight screw cap or stopper.
Evaporate the mixture with the aid of a stream of nitrogen to dryness, maintaining the
temperature below 50 . To the dry residue add 15 µL of dried pyridine and 65 µL of
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bis(trimethylsilyl)trifluoroacetamide containing 1% trimethylchlorosilane. Immediately cover
the tube tightly, and allow to stand for 15 min. Add 0.5 mL of toluene.
System suitability stock solution: 2 µg/mL of USP Estradiol RS (17 -estradiol) in alcohol
System suitability solution: Pipet 1.0 mL of System suitability stock solution, 1.0 mL of
Standard stock solution, and 1.0 mL of Internal standard solution into a centrifuge tube
fitted with a tight screw cap or stopper. Proceed as directed for Standard solution,
beginning with “Evaporate the mixture…”
Buffer: Mix 79 mL of sodium acetate TS with 21 mL of 1 N acetic acid, and dilute with
water to 500 mL. If necessary, adjust the solution with 1 N acetic acid or sodium acetate
TS to a pH of 5.2 ± 0.1.
Sample solution: Transfer an equivalent to 2 mg of total esterified estrogens from
powdered Tablets (NLT 20), to a 50-mL centrifuge tube, fitted with a polytef-lined screw
cap, containing 15 mL of Buffer and 1 g of barium chloride. Cap the tube tightly, and
shake for 30 min. If necessary, adjust the solution with 1 N acetic acid or sodium acetate
to a pH of 5.0 ± 0.5. Sonicate for 30 s, then shake for an additional 30 min. Add a suitable
sulfatase enzyme solution equivalent to 2500 Units, and shake for 20 min in a water bath
maintained at 50 . Add 15.0 mL of ethylene dichloride to the warm mixture, cap the tube
again, and shake by mechanical means for 15 min. Centrifuge for 10 min or until the lower
layer is clear. Transfer as much of the organic phase as possible, and dry by passing
rapidly through a filter consisting of a pledget of dry glass wool and 5 g of anhydrous
sodium sulfate in a small funnel. Protect from loss by evaporation. Transfer 3.0 mL of the
solution to a suitable centrifuge tube fitted with a tight screw cap or stopper. Add 1.0 mL
of Internal standard solution. Proceed as directed under Standard solution, beginning with
“Evaporate the mixture…”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 15-m fused silica capillary column; with a 0.25-µm layer of phase
G19
Temperature
Column: 208
Detector: 260
Injector port: 260
Carrier gas: Hydrogen
Flow rate: 2 mL/min
Injection mode: Split
Split flow rate: 40–60 mL/min
Injection size: 1 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—Adjust the operating conditions as necessary to maintain the elution time of the
3-O-methylestrone peak between 17 and 25 min.]
[NOTE—The relative retention times for 17 -estradiol, 17 -dihydroequilin,
1S (USP35)
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estrone, equilin, and 3-O-methylestrone are about 0.29, 0.30,
1S (USP35)

0.80, 0.87, and 1.00, respectively.]
Suitability requirements
Resolution: NLT 1.2 between estrone and equilin, System suitability solution
Tailing factor: NMT 1.3 for the estrone peak, System suitability solution
Relative standard deviation: NMT 2.0% for the estrone peak ratios for NLT 4
injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Separately calculate the percentage of the labeled amount of sodium estrone sulfate and
sodium equilin sulfate in the portion of Conjugated Estrogens taken:
Result = (RU/RS) × (CS/CU) × F × (100)
R=
U ratio of the estrone or equilin peak to the 3-O-methylestrone peak area from the
Sample solution
RS= ratio of the estrone or equilin peak to the 3-O-methylestrone peak area from the
Standard solution
C=
S concentration of USP Estrone RS or USP Equilin RS in the Standard solution (µg/mL)
C=
U nominal concentration of estrone or equilin in the Sample solution (µg/mL)
F= factor converting free estrogen to the conjugate sodium salt, 1.377 for estrone and
1.380 for equilin
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Disintegration 701
Simulated intestinal fluid: Dissolve 6.8 g of monobasic potassium phosphate in 250 mL of
water, mix, add 190 mL of 0.2 N sodium hydroxide and 400 mL of water. Add 10.0 g of
pancreatin, mix, and adjust the resulting solution with 0.2 N sodium hydroxide to a pH of
7.5 ± 0.1. Dilute with water to 1000 mL.
Analysis: Place 1 Tablet in each of the six tubes of the basket, and immerse the basket in
water at 25 ± 0.5 for 5 min to remove the coating. Add a disk to each tube, and operate
the apparatus using simulated gastric fluid TS, maintained at 37 ± 2 , as the immersion
fluid. After 30 min in simulated gastric fluid TS, lift the basket from the fluid, and observe
the Tablets.
Acceptance criteria: All the Tablets have disintegrated. If all the Tablets have not
disintegrated completely, substitute Simulated intestinal fluid, maintained at 37 ± 2 , as
the immersion fluid, and continue the test so that the total period of time, including
previous exposure to water and simulated gastric fluid TS, does not exceed 90 min.
• Uniformity of Dosage Units 905
Analysis: Test 10 individual Tablets as directed in the Assay, and calculate the average
content of esterified estrogens, as the average of the total contents of sodium estrone
sulfate and sodium equilin sulfate, in the 10 Tablets.
Acceptance criteria: The requirements are met if the content of each of the Tablets is
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85.0%–115.0% of the average content of esterified estrogens. If the content of NMT 2
Tablets falls outside the range of 85.0%–115.0% of the average content but not outside
the range of 75.0%–125.0%, test an additional 20 Tablets. The requirements are met if
the content of NMT 2 of the 30 Tablets falls outside the limits of 85.0%–115.0% of the
average, and no unit is outside the range of 75.0%–125.0% of the average content.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards
USP Equilin RS
USP Estradiol RS

11

1S (USP35)

USP Estrone RS
USP Testosterone RS
1S (USP35)

BRIEFING
Ethinyl Estradiol, USP 34 page 2771. On the basis of comments and supporting data received,
it is proposed to revise the concentration of the Sample solution in the test for Optical
Rotation from 4 mg/mL to 50 mg/mL. Low rotation values, leading to poor precision for the
optical rotation results, are observed for samples containing 4 mg/mL of Ethinyl Estradiol.
Additionally, the monograph has been edited to be consistent with the current USP style
guide.
(SM4: D. Vicchio.)
Correspondence Number—C95951

Comment deadline: July 31, 2011
Ethinyl Estradiol

C20 H24 O2

296.40

19-Norpregna-1,3,5(10)-trien-20-yne-3, 17-diol, (17 )-;
19-Nor-17 -pregna-1,3,5(10)-trien-20-yne-3, 17-diol
[57-63-6].
DEFINITION
Ethinyl Estradiol contains NLT 97.0% and NMT 102.0% of C20 H24 O2 , calculated on the dried
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basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 50 µg/mL in alcohol
Wavelength: 281 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (1:1)
Internal standard solution: 0.5 mg/mL of ethylparaben in Mobile phase
Standard solution: 0.2 mg/mL of USP Ethinyl Estradiol RS in Mobile phase, prepared as
follows. Transfer 10 mg of USP Ethinyl Estradiol RS to a 50-mL volumetric flask, and add
10 mL of Mobile phase and 5.0 mL of Internal standard solution. Dilute with Mobile phase
to volume.
Sample stock solution: 1.0 mg/mL of Ethinyl Estradiol in Mobile phase
Sample solution: 0.2 mg/mL of Ethinyl Estradiol, prepared as follows. Combine 10.0 mL of
the Sample stock solution and 5.0 mL of Internal standard solution in a 50-mL volumetric
flask. Dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection size: 25 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times for ethylparaben and ethinyl estradiol are about 0.6
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.5 between the ethylparaben and ethinyl estradiol peaks
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ethinyl estradiol (C20 H24 O2 ) taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio from the Sample solution
R=
S peak response ratio from the Standard solution
C=
S concentration of USP Ethinyl Estradiol RS in the Standard solution (mg/mL)
C=
U concentration of Ethinyl Estradiol in the Sample solution (mg/mL)
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Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
• Completeness of Solution: Dissolve 100 mg in 5 mL of alcohol; the solution is clear and
free from undissolved solid.
SPECIFIC TESTS
• Melting Range or Temperature

741 : 180 –186 . It may exist also in a polymorphic

modification, melting at 142 –146 .
Change to read:
• Optical Rotation, Specific Rotation 781S
Sample solution: 4 mg/mL, in colorless pyridine from a freshly opened container
50 mg/mL, in colorless pyridine from a freshly opened container 1S (USP35)
Acceptance criteria:

28.0 to

29.5

• Loss on Drying 731 : Dry a sample at 105 for 3 h: it loses NMT 1.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, nonmetallic, light-resistant containers.
• USP Reference Standards
USP Ethinyl Estradiol RS

11
BRIEFING

Famotidine, USP 34 page 2792. As part of USP monograph modernization efforts, the following
revisions are proposed:
1.
The non-specific TLC test for Chromatographic Purity is replaced with an Organic
Impurities HPLC procedure, adopted from the current monograph for Famotidine in
the European Pharmacopoeia. It is also proposed to add a third chemical name for
Famotidine, which employs the same naming convention as the names for new
specified impurities and USP Reference Standards listed in the monograph.
2.
The Assay has been revised to replace the titration with the HPLC procedure employed
in the test for Organic Impurities. The acceptance criteria in the Definition have
been changed from “NLT 98.5% and NMT 101.0%” to “NLT 98.0% and NMT 102.0%”,
which are typical for chromatographic procedures.
3.
The current UV test for Identification test B has been replaced with retention time
agreement based on the Assay.
4.
Storage requirements have been added in the Packaging and Storage section.
5.
Five new USP Reference Standards for impurities have been added to the USP Reference
Standard section.
The liquid chromatographic procedures in the Assay and in the test for Organic Impurities are
based on analyses performed with the Symmetry C18 brand of L1 column. The typical
retention time for famotidine is about 21 min.
(SM3: E. Gonikberg.)
Correspondence Number—C92158
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Famotidine
Change to read:

C8 H15 N7 O2 S3

337.45

Propanimidamide, N'-(aminosulfonyl)-3-[[[2-[(diaminomethylene)amino]-4thiazolyl]methyl]thio]-;
[1-Amino-3-[[[2-[(diaminomethylene)amino]-4-thiazolyl]methyl]thio]propylidene]sulfamide;
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N¢-sulfamoylpropanimidamide
1S (USP35)

[76824-35-6].
DEFINITION
Change to read:
Famotidine contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP35)
of famotidine (C8 H15 N7 O2 S3 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 265 nm
Buffer: Adjust 250 mL of 0.02 M phosphoric acid with a 100 mg/mL sodium hydroxide
solution to a pH of 2.5, and dilute with water to 500 mL.
Sample solution: 25 µg/mL in Buffer
Acceptance criteria: The absorptivities, calculated on the dried basis, do not differ by
more than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)

ASSAY
Change to read:
• Procedure
Sample: Dissolve 250 mg of Famotidine in 80 mL of glacial acetic acid.
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Analysis: Titrate with 0.1 N perchloric acid VS (see Titrimetry 541 ), using a suitable
anhydrous electrode system. Any aqueous electrolyte solution contained in the
electrodes employed should be removed, and the electrode rendered anhydrous and filled
with 0.1 N lithium perchlorate in acetic anhydride. Perform a blank determination, and
make any necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 16.87
mg of C8 H15 N7 O2 S3 .
Acceptance criteria: 98.5%–101.0% on the dried basis
Buffer: 1.882 g/L of sodium 1-hexanesulfonate in water, adjusted with acetic acid to a
pH of 3.5
Solution A: Acetonitrile, methanol, and Buffer (94:6:900)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
Flow Rate
(min)
(%)
(%)
(mL/min)
0
100
0
1
23
96
4
1
27
96
4
2
47
78
22
2
48
100
0
2
54
100
0
1
System suitability stock solution: 0.25 mg/mL of USP Famotidine Related Compound D
RS in methanol
Standard solution: 0.125 mg/mL of USP Famotidine RS in Solution A
System suitability solution: Transfer 1 mL of the System suitability stock solution and
2 mL of the Standard solution into a 100-mL volumetric flask, and dilute with Solution A
to volume.
Sample solution: 0.125 mg/mL of Famotidine in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: See Table 1.
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—The relative retention times for famotidine and famotidine related compound D
are 1.0 and 1.1, respectively.]
Suitability requirements:
Resolution: NLT 3.5 between famotidine and famotidine related compound D,
System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of famotidine (C8 H15 N7 O2 S3 ) in the portion of Famotidine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of famotidine from the Sample solution
rS= peak response of famotidine from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U concentration of Famotidine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 1S (USP35)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
Delete the following:
• Chromatographic Purity
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Sample solution: Transfer 200 mg of Famotidine to a 10-mL volumetric flask. Add 2 mL of
methanol, and shake for 10 min. Add 0.1 mL of glacial acetic acid, stir until dissolved, and
dilute with methanol to volume.
Standard solution A: 0.2 mg/mL of USP Famotidine RS in methanol and glacial acetic acid
(100:1)
Standard solution B: 65 µg/mL from Standard solution A in methanol and glacial acetic acid
(100:1)
Application volume: 5 µL
Developing solvent system: Ethyl acetate, methanol, toluene, and ammonium hydroxide
(40:25:20:2)
Visualization: Short-wave UV
Analysis
Samples: Sample solution, Standard solution A, and Standard solution B
Separately apply to a plate, and dry under a stream of nitrogen. Proceed as directed for
Chromatography 621 , Thin-Layer Chromatography. Compare the intensities of any
secondary spots from the Sample solution with those of the principal spots from the
Standard solutions.
Acceptance criteria: No secondary spot from the Sample solution is larger in size or more
intense than the principal spot from Standard solution B (0.3%); and the sum of the
intensities of the secondary spots from the Sample solution corresponds to NMT 1.0%
(Standard solution A). 1S (USP35)
Add the following:
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay. [Note—If necessary,
adjust the Mobile phase to achieve a retention time of 19–23 min for the famotidine peak
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and a maximum of 48 min for the famotidine related compound E peak. ]
Standard solution: 0.5 µg/mL of USP Famotidine RS in Solution A
Sample solution: 0.5 mg/mL of Famotidine in Solution A
Identification solution: 0.5 mg/mL of USP Famotidine RS and 1.5 µg/mL of each of USP
Famotidine Related Compound B RS, USP Famotidine Related Compound C RS, USP
Famotidine Related Compound D RS, USP Famotidine Related Compound E RS, and USP
Famotidine Related Compound F RS in Solution A
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.5 between famotidine and famotidine related compound D
Analysis
Samples: Standard solution, Sample solution, and Identification solution
Chromatograph the Identification solution, and identify the components on the basis of
their relative retention times, given in Table 2. Calculate the percentage of each impurity
in the portion of Famotidine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of famotidine from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U concentration of Famotidine in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria
Individual impurities: See Table 2.
Table 2
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Relative
Retention
Time
1.0
1.1
1.2
1.4
1.5
1.6
2.0
2.1
—
—

Name

Relative
Response
Factor
—
1.0
0.53
0.71
0.59
1.0
0.40
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
—
0.3
0.3
0.2
0.1
0.2
0.3
0.3
0.1
1.0

Famotidine
Famotidine related compound Da
Famotidine related compound Cb
Famotidine cyanoamidinec
Famotidine related compound F d
Famotidine amidinee
Famotidine related compound Bf
Famotidine related compound Eg
Any other individual impurity
Total impurities
a Famotidine propanamide.
b Famotidine sulfamoyl propanamide.
c N-Cyano-3-[[2-(diaminomethyleneamino)thiazol-4-yl]methylthio]propanimidamide.
d Famotidine propionic acid.
e 3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanimidamide.
f Famotidine dimer.
g Famotidine disulfide.
1S (USP35)

SPECIFIC TESTS
• Loss on Drying 731 : Dry a sample at a pressure between 1 and 5 mm of mercury at 80
for 5 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers, protected from light.
Store at room temperature. 1S (USP35)
Change to read:
• USP Reference Standards
USP Famotidine RS

11

USP Famotidine Related Compound B RS
3,5-Bis[2-[[2-[(diaminomethylene)amino]thiazol-4-yl]methylthio]ethyl]-4H-1,2,4,6thiatriazine 1,1-dioxide.
C16 H23 N11 O2 S5
561.73
USP Famotidine Related Compound C RS
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N-sulfamoylpropanamide
hydrochloride.
C8 H15 ClN6 O3 S3
374.88
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USP Famotidine Related Compound D RS
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanamide.
C8 H13 N5 OS2
259.35
USP Famotidine Related Compound E RS
2,2¢-[4,4¢-Disulfanediylbis(methylene)bis(thiazole-4,2-diyl)]diguanidine.
C10 H14 N8 S4
374.53
USP Famotidine Related Compound F RS
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanoic acid.
C8 H12 N4 O2 S2
260.34 1S (USP35)
BRIEFING
Famotidine Injection, USP 34 page 2792. A revision to the Famotidine monograph, presented
elsewhere in this issue of PF, introduces several specified impurities and new USP Reference
Standards for famotidine related compounds B, C, D, E, and F. As several of these impurities
are also controlled in the Famotidine Injection, Famotidine for Oral Suspension and
Famotidine Tablets monographs, the chemical names and impurity designations in these
monographs are revised to provide consistency across the family of the monographs.
(SM3: E. Gonikberg.)
Correspondence Number—C92158

Comment deadline: July 31, 2011
Famotidine Injection
DEFINITION
Famotidine Injection is a sterile, concentrated solution of Famotidine. It contains NLT 90.0%
and NMT 110.0% of the labeled amount of famotidine (C8 H15 N7 O2 S3 ). It may contain suitable
preservatives.
IDENTIFICATION
• A. The retention time of the famotidine peak from the Sample solution corresponds to that
from the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 13.8 g/L of monobasic sodium phosphate
Mobile phase: Methanol, water, and Buffer (5:32:3). Adjust with 1 N sodium hydroxide to
a pH of 5.3.
Diluent: Dissolve 1.36 g of monobasic potassium phosphate in 800 mL of water, adjust with
1 N sodium hydroxide to a pH of 7.0, and dilute with water to 1 L.
Standard solution
If benzyl alcohol is present: 0.1 mg/mL of USP Famotidine RS and 0.09 mg/mL of USP
Benzyl Alcohol RS in Diluent
If benzyl alcohol is not present: 0.1 mg/mL of USP Famotidine RS in Diluent
Sample solution: Transfer a volume of Injection, equivalent to 20 mg of famotidine based
on the label claim, to a 200-mL volumetric flask, and dilute with Diluent to volume.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1 mL/min
Injection size: 30 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for the famotidine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famotidine (C8 H15 N7 O2 S3 ) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of famotidine from the Sample solution
rS= peak response of famotidine from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U nominal concentration of famotidine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability stock solution: Transfer 10 mg of USP Famotidine RS to a 50-mL
volumetric flask. Add 1 mL of 0.1 N hydrochloric acid. Heat at 80 for 30 min. Allow to
cool, add 2 mL of 0.1 N sodium hydroxide, and heat at 80 for an additional 30 min. Allow
to cool, and neutralize by adding 1 mL of 0.1 N hydrochloric acid. Dilute with Diluent to
volume (Solution A). Transfer 5 mg of USP Famotidine RS to a separate 50-mL volumetric
flask, add 8 mL of methanol, and sonicate to dissolve. Add 10 mL of Solution A, and dilute
with Diluent to volume.
System suitability solution
If benzyl alcohol is present: Transfer 25 mL of System suitability stock solution to a
50-mL volumetric flask. Add 1 drop (approximately 20 mg) of USP Benzyl Alcohol RS, and
dilute with Diluent to volume.
If benzyl alcohol is not present: Transfer 25 mL of System suitability stock solution to
a 50-mL volumetric flask, and dilute with Diluent to volume.
System suitability
Sample: System suitability solution
[NOTE—See Table 1 for the relative retention times.]
Suitability requirements
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Resolution: NLT 1.3 between adjacent peaks of impurity B, impurity C, famotidine, and
impurity D
famotidine propionic acid, famotidine sulfamoyl propanamide, famotidine, and famotidine
propanamide 1S (USP35)
for each pair of peaks
Analysis
Sample: Sample solution
Calculate the percentage of the total of impurities B, C, and D
famotidine propionic acid, famotidine sulfamoyl propanamide, and famotidine propanamide
1S (USP35)

in the portion of Injection taken:
Result = (rU/rT) × 100
r=
U sum of the peak areas for impurities B, C, and D
famotidine propionic acid, famotidine sulfamoyl propanamide, and famotidine propanamide
1S (USP35)

from the Sample solution
r=
T sum of the peak areas for famotidine, and impurities B, C, and D
famotidine propionic acid, famotidine sulfamoyl propanamide, and famotidine propanamide
1S (USP35)

from the Sample solution
Acceptance criteria
Total impurities: NMT 5.0%
Table 1
Name

Relative Retention Time

Benzyl alcohol (if present)
Impurity B
Famotidine propionic acid
(famotidine related compound F)
a

0.4

1S (USP35)

0.7

Impurity C
Famotidine sulfamoyl propanamide
(famotidine related compound C) 1S (USP35)
b
Famotidine
Impurity D
Famotidine propanamide
(famotidine related compound D)
c

0.8
1.0

1S (USP35)

1.3

a 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]propanoic acid.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanoic acid. 1S (USP35)
b 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-N-sulfamoylpropanamide.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N-sulfamoylpropanamide. 1S (USP35)
c 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]propanamide.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]
propanamide. 1S (USP35)

OTHER COMPONENTS

PF 37(3): May-Jun. 2011

249

Change to read:
• Content of Benzyl Alcohol (if present)
Buffer, Mobile phase, Diluent, Standard solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability stock solution: Proceed as directed in the Organic Impurities test.
System suitability solution: Transfer 25 mL of System suitability stock solution to a 50mL volumetric flask. Add 1 drop (approximately 20 mg) of USP Benzyl Alcohol RS, and
dilute with Diluent to volume.
System suitability
Samples: Standard solution and System suitability solution
[NOTE—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between adjacent peaks of benzyl alcohol and famotidine impurity
B;
famotidine propionic acid; 1S (USP35)
the benzyl alcohol peak is resolved from the solvent front, System suitability solution
Relative standard deviation: Less than 2.0% for each peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of benzyl alcohol from the Sample solution
rS= peak area of benzyl alcohol from the Standard solution
C=
S concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: The content of benzyl alcohol meets the requirements under
Injections

1 , Added Substances.

SPECIFIC TESTS
• Sterility Tests
• pH

71 : Meets the requirements

791 : 5.0–5.6

• Particulate Matter in Injections
injections
• Bacterial Endotoxins Test

788 : Meets the requirements for small-volume

85 : NMT 16.67 USP Endotoxin Units/mg of famotidine

• Other Requirements: It meets the requirements under Injections
Container.

1 , Volume in

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass. Store in a refrigerator.
• Labeling: It meets the requirements under Injections

1 , Labeling. Label it to indicate
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that the Injection is to be diluted with a suitable parenteral vehicle prior to administration.
Label it to indicate the name and the quantity of any added preservative.
• USP Reference Standards
USP Benzyl Alcohol RS
USP Endotoxin RS
USP Famotidine RS

11

BRIEFING
Famotidine for Oral Suspension, USP 34 page 2794. See the briefing under Famotidine
Injection.
(SM3: E. Gonikberg.)
Correspondence Number—C92158

Comment deadline: July 31, 2011
Famotidine for Oral Suspension
DEFINITION
Famotidine for Oral Suspension contains the equivalent of NLT 90.0% and NMT 110.0% of the
labeled amount of famotidine (C8 H15 N7 O2 S3 ) when constituted as directed. It contains one or
more suitable buffers, colors, diluents, flavors, and preservatives.
IDENTIFICATION
• A. The retention time of the famotidine peak from the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: Dissolve 13.6 g of sodium acetate trihydrate in 900 mL of water, and adjust with
glacial acetic acid to a pH of 6.0 ± 0.1, before final dilution to 1 L.
Buffer B: Dissolve 13.6 g of monobasic sodium phosphate in 900 mL of water, adjust with 1
M sodium hydroxide to a pH of 7.0 ± 0.1, and dilute with water to 1 L.
Solution A: Acetonitrile and Buffer A (7:93)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
100
0
15
100
0
42
52
48
43
100
0
45
100
0
Diluent: Acetonitrile and Buffer B (7:93)
Standard solution: 0.16 mg/mL of USP Famotidine RS in Diluent
Sample solution: Transfer to a 100-mL volumetric flask a portion of Famotidine for Oral
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Suspension, equivalent to about 40 mg of famotidine, freshly mixed and free from air
bubbles and constituted as directed in the labeling. Add 10 mL of methanol, sonicate for 5
min, add 70 mL of Diluent, sonicate for an additional 5 min, and dilute with Diluent to
volume. Dilute 10.0 mL of this solution with Diluent to 25.0 mL, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: Greater than 2000 theoretical plates
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famotidine (C8 H15 N7 O2 S3 ) in the
portion of Famotidine for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U nominal concentration of famotidine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 905 : Meets the requirements for Content Uniformity. For
the product in multi-dose containers, the unit is a 5-mL aliquot of the suspension,
constituted as directed in the labeling.
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Diluent, Standard solution, Sample solution and Chromatographic
system: Proceed as directed in the Assay.
System suitability stock solution: Transfer 16 mg of famotidine to a 50-mL volumetric
flask. Dissolve in 1.0 mL of 1 N hydrochloric acid, heat at 80 for 30 min, and cool to room
temperature. Add 2.0 mL of 1 N sodium hydroxide, heat at 80 for 30 min, and cool to
room temperature. Add 1.0 mL of 1 N hydrochloric acid to neutralize, and dilute with
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Diluent to volume.
System suitability solution: Transfer 16 mg of famotidine to a 50-mL volumetric flask.
Add 10 mL of Diluent, and sonicate to dissolve. Add 5 drops of hydrogen peroxide solution,
heat at 80 for 15 min, and cool to room temperature. Add 20 mL of System suitability
stock solution, and dilute with Diluent to volume.
System suitability
Samples: Standard solution and System suitability solution
[NOTE—Identify the components of the System suitability solution based on the relative
retention times listed in Table 2.]
Suitability requirements
Resolution: Greater than 1.5 between famotidine and impurity D,
famotidine propanamide, 1S (USP35)
System suitability solution
Column efficiency: Greater than 2000 theoretical plates, Standard solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the total of impurities C and D
famotidine sulfamoyl propanamide and famotidine propanamide

1S (USP35)

in the portion of Famotidine for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak areas for impurities C and D
famotidine sulfamoyl propanamide and famotidine propanamide

1S (USP35)

from the Sample solution
rS= peak area of famotidine from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U nominal concentration of famotidine in the Sample solution (mg/mL)
Acceptance criteria
Total of famotidine sulfamoyl propanamide and famotidine propanamide: Less than
2.0%
Table 2
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Relative
Retention
Time

Name
Impurity A
Famotidine sulfoxide

1S (USP35)

0.3

a

Impurity B
Famotidine propionic acid
(famotidine related compound F)

1S (USP35)

0.5

b

Impurity C
Famotidine sulfamoyl propanamide
(famotidine related compound C) 1S (USP35)
0.7
1.0

c

Famotidine
Impurity D
Famotidine propanamide
(famotidine related compound D)

1S (USP35)

1.2

d

a 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylsulfinyl]-N-sulfamoylpropanamidine.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylsulfinyl]-N¢sulfamoylpropanimidamide. 1S (USP35)
b 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-propanoic acid.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanoic acid. 1S (USP35)
c 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-N-sulfamoylpropanamide.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N-sulfamoylpropanamide.
1S (USP35)

d 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-propanamide.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanamide. 1S (USP35)
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 102 cfu/g. The total combined molds and yeasts count
is NMT 102 cfu/g. It meets the requirements of the tests for the absence of Salmonella
species and Escherichia coli.
• pH

791 : 6.5–7.5, in the suspension constituted as directed in the labeling

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at 25 ,
excursions permitted between 15 and 30 .
• USP Reference Standards
USP Famotidine RS

11
BRIEFING

Famotidine Tablets, USP 34 page 2795. See the briefing under Famotidine Injection.
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(SM3: E. Gonikberg.)
Correspondence Number—C92158

Comment deadline: July 31, 2011
Famotidine Tablets
DEFINITION
Famotidine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of famotidine
(C8 H15 N7 O2 S3 ).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 4 mg/mL of USP Famotidine RS in glacial acetic acid
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to about 40 mg
of famotidine, to a 10-mL volumetric flask. Dissolve in glacial acetic acid with the aid of
sonication, dilute with glacial acetic acid to volume, and centrifuge to get a clear liquid.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Ethyl acetate, methanol, toluene, and ammonium hydroxide
(40:25:20:2)
Analysis: Allow the spots to dry, and develop the plate in a paper-lined chromatographic
chamber equilibrated with Developing solvent for about 1 h before use. Allow the
chromatogram to develop until the solvent front has moved about 15 cm. Remove the
plate, air-dry, and examine the plate under short-wavelength UV light.
Acceptance criteria: The principal spot from the Sample solution corresponds in
appearance and RF value to that of the Standard solution.
• B. The retention time of the major peak in the Sample solution corresponds to that in the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 13.6 g of sodium acetate trihydrate in 750 mL of water. Add 1 mL of
triethylamine, adjust with glacial acetic acid to a pH of 6.0, and dilute with water to 1 L.
Mobile phase: Acetonitrile and Buffer (7:93)
Diluent: Dissolve 6.8 g of monobasic potassium phosphate in 750 mL of water, adjust with
1 M potassium hydroxide to a pH of 6.0, and dilute with water to 1 L.
System suitability stock solution: Transfer 10 mg of famotidine to a 50-mL volumetric
flask. Add 1 mL of 0.1 N hydrochloric acid, heat at 80 for 30 min, and cool to room
temperature. Add 2 mL of 0.1 N sodium hydroxide, heat at 80 for 30 min, cool to room
temperature, and neutralize by adding 1 mL of 0.1 N hydrochloric acid. Dilute with Diluent
to volume. Transfer 10 mL of this solution to a separate 50-mL volumetric flask containing
5 mg of famotidine dissolved in 8 mL of methanol. Dilute with Diluent to volume. Transfer
25 mL of this solution to a 50-mL volumetric flask, and dilute with Diluent to volume. [Note
—This solution is stable for up to 1 month. ]
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System suitability solution: Transfer 1–1.5 mL of the System suitability stock solution to
a suitable container, add 1 drop of hydrogen peroxide solution, and mix well.
[Note—Prepare fresh daily. ]
Standard solution: Transfer 10 mg of USP Famotidine RS to a 100-mL volumetric flask, add
20 mL of methanol, and sonicate for 5 min. Dilute with Diluent to volume.
Sample solution: Transfer NLT 10 Tablets to a 1-L volumetric flask. Add 200 mL of Diluent,
and swirl to erode the Tablets. Add 200 mL of methanol, and stir by mechanical means at
300 rpm for 1 h. Dilute with Diluent to volume, mix, and filter. Quantitatively dilute a
portion of the clear filtrate with Diluent to obtain a solution containing about 0.1 mg/mL of
famotidine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
Flow rate: 1.4 mL/min
Injection size: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[NOTE—Identify peaks using Table 1.]
Resolution: NLT 1.3 between the impurity C
famotidine sulfamoyl propanamide 1S (USP35)
and famotidine peaks, and NLT 1.3 between the famotidine and impurity D
famotidine propanamide 1S (USP35)
peaks, System suitability solution
Capacity factor: NLT 2.0 for the famotidine peak, System suitability solution
Relative standard deviation: Less than 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famotidine (C8 H15 N7 O2 S3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U nominal concentration of famotidine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: pH 4.5, 0.1 M phosphate buffer (13.6 g/L of monobasic potassium phosphate);
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900 mL
Apparatus 2: 50 rpm
Time: 30 min
Determine the amount of C8 H15 N7 O2 S3 dissolved using one of the following methods.
Spectrophotometric method
Standard solution: USP Famotidine RS in Medium in a concentration similar to the one
expected in the Sample solution
Sample solution: Pass a portion of the sample under test through a suitable filter.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 265 nm
Chromatographic method
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the
Assay.
Standard solution: 0.14 mg/mL of USP Famotidine RS in Medium. Dilute this solution with
Medium to obtain a solution containing (L/900) mg/mL, where L is the Famotidine Tablet
label claim, in mg.
Sample solution: Pass a portion of the solution under test through a suitable filter.
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: Greater than 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the amount of famotidine (C8 H15 N7 O2 S3 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
L= label claim, mg/Tablet
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of famotidine (C8 H15 N7 O2 S3 ) is
dissolved.
For Tablets labeled as chewable
Proceed as directed for either of the methods specified above, except for the following:
Time: 45 min
Tolerances: NLT 80% (Q) of the labeled amount of famotidine (C8 H15 N7 O2 S3 ) is
dissolved.
For Tablets labeled as film-coated
Proceed as directed for either of the methods specified above, except for the following:
Time: 30 min
Tolerances: NLT 80% (Q) of the labeled amount of famotidine (C8 H15 N7 O2 S3 ) is
dissolved.
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• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (1/F) × (CS/CU) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of famotidine from the Standard solution
C=
S concentration of USP Famotidine RS in the Standard solution (mg/mL)
C=
U nominal concentration of famotidine in the Sample solution (mg/mL)
F= relative response factor for each impurity (see Table 1)
Acceptance criteria: See Table 1.
Table 1
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Name
Impurity A
Famotidine sulfoxide
1S (USP35)
a

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria NMT
(%)

0.4

1.0

1.0

0.7

1.0

0.5

0.8
1.0

1.0
—

0.5
—

1.2
—

1.3
—

0.5
1.5

Impurity B
Famotidine propionic
acid
(famotidine related
compound F) 1S (USP35)
b

Impurity C
Famotidine sulfamoyl
propanamide
(famotidine related
compound C) 1S (USP35)
c

Famotidine
Impurity D
Famotidine propanamide
(famotidine related
compound D) 1S (USP35)
d

Total impurities
a 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylsulfinyl]-N-sulfamoylpropanamidine.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylsulfinyl]-N¢sulfamoylpropanimidamide. 1S (USP35)
b 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-propanoic acid.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanoic acid. 1S (USP35)
c 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-N-sulfamoylpropanamide.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N-sulfamoylpropanamide.
1S (USP35)

d 3-[2-(Diaminomethyleneamino)-1,3-thiazol-4-ylmethylthio]-propanamide.
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanamide. 1S (USP35)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at
controlled room temperature.
• USP Reference Standards
USP Famotidine RS

11
BRIEFING

Felbamate. Because there is no existing USP monograph for this drug substance, a new
monograph is being proposed. The liquid chromatographic procedures in the Assay and in the
test for Organic Impurities, Early Eluting were validated using the Hypersil C18 brand of L1
column, in which felbamate elutes at about 6 min. The Organic Impurities, Late Eluting
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method was validated using the Hypersil C18 brand of L1 column, in which felbamate elutes
at about 2 min. The liquid chromatographic procedure in the test for Limit of
Methylcarbamate was validated using the Hypersil C18 brand of L1 column, in which
methylcarbamate elutes at about 6 min.
(SM4: R. Ravichandran.)
Correspondence Number—C91873

Comment deadline: July 31, 2011
Add the following:
Felbamate

C11 H14 N2 O4

238.24

1,3-Propanediol, 2-phenyl-, dicarbamate;
2-Phenyl-1,3-propanediol dicarbamate
[25451-15-4].
DEFINITION
Felbamate contains NLT 98.0% and NMT 102.0% of felbamate (C11 H14 N2 O4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, and water (126:84::790)
System suitability solution: 0.05 mg/mL of USP Felbamate Related Compound A RS and
0.2 mg/mL of USP Felbamate RS in Mobile phase
Diluent: Acetonitrile, methanol, and water (222:148:630)
Standard stock solution: 1 mg/mL of USP Felbamate RS in methanol and Diluent prepared
as follows. Dissolve a suitable quantity of USP Felbamate RS in 10% of the flask volume of
methanol. Sonicate and shake to completely dissolve, and dilute with Diluent.
Standard solution: 0.2 mg/mL of USP Felbamate RS from Standard stock solution in Mobile
phase
Sample stock solution: 1.0 mg/mL of Felbamate in methanol and Diluent prepared as
follows. Dissolve a suitable quantity of Felbamate in 10% of the flask volume of methanol.
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Sonicate and shake to completely dissolve, and dilute with Diluent.
Sample solution: 0.2 mg/mL of Felbamate from Sample stock solution in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.8 mL/min
Injection size: 20 µL
Run time: 3 times the retention time of felbamate
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between felbamate related compound A and felbamate, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of felbamate (C11 H14 N2 O4 ) in the portion of Felbamate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of felbamate from the Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (mg/mL)
C=
U concentration of Felbamate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities, Early Eluting
Mobile phase, Standard stock solution, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 1 µg/mL of USP Felbamate RS in Mobile phase from Standard stock
solution
Sample solution: 1 mg/mL of Felbamate in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between felbamate related compound A and felbamate, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Identify the impurities using the relative retention times shown in Table 1. Calculate the
percentage of each impurity in the portion of Felbamate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (µg/mL)
C=
U concentration of Felbamate in the Sample solution (µg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria
NMT (%)

Phenylpropanediola
0.43
1.7
0.15
b
Felbamate related compound A
0.65
1.3
0.15
Felbamate
1.0
—
—
c
N-Aminocarbonyl felbamate
1.43
0.89
0.15
Felbamate related compound Bd
2.23
—
—
Individual unspecified impurity
—
1.0
0.1
a 2-Phenylpropane-1,3-diol.
b 3-Hydroxy-2-phenylpropyl carbamate.
c 3-Carbamoyloxy-2-phenylpropyl allophanate.
d Phenethyl carbamate, which is quantified in the test for Organic Impurities, Late
Eluting.
• Organic Impurities, Late Eluting
Mobile phase: Acetonitrile, methanol, and water (222:148:630)
System suitability solution: 1 µg/mL each of USP Felbamate RS and USP Felbamate
Related Compound B RS in Mobile phase
Standard solution: 1 µg/mL of USP Felbamate RS in Mobile phase
Sample solution: 1000 µg/mL of Felbamate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.8 mL/min
Injection size: 20 µL
Run time: 10 times the retention time of felbamate
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3 between felbamate and felbamate related compound B, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Identify the impurities using the relative retention times shown in Table 2. Calculate the
percentage of each impurity in the portion of Felbamate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (µg/mL)
C=
U concentration of Felbamate in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
1.0
1.9
9.1
—

Relative
Response
Factor
—
1.29
1.0
1.0

Acceptance
Criteria
NMT (%)
—
0.15
0.15
0.1

Name
Felbamate
Felbamate related compound Ba
Felbamate dimerb
Individual unspecified impurity
a Phenethyl carbamate.
b 3,3¢-Carbonylbis(oxy)bis(2-phenylpropane-3,1-diyl) dicarbamate.
Total impurities: NMT 0.75% for the sum of all impurities from Table 1 and Table 2
• Limit of Methylcarbamate
Mobile phase: Water
Standard solution: 0.1 mg/mL of methylcarbamate in water
Sample solution: Suspend 1 g of Felbamate in 5 mL of water, and mix on a vortex mixer
for 1 min followed by sonication for 5 min. Filter the slurry, and use as the Sample
solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 50 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10%
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The peak response for methylcarbamate in the Sample solution does
not exceed the peak response for methylcarbamate in the Standard solution (0.05%).
SPECIFIC TESTS
• Loss on Drying 731 : Dry a sample at 105 for 3 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• USP Reference Standards 11
USP Felbamate RS
USP Felbamate Related Compound A RS
3-Hydroxy-2-phenylpropyl carbamate.
C10 H13 NO3
195.22
USP Felbamate Related Compound B RS
Phenethyl carbamate.
C9 H11 NO2
165.19
1S (USP35)

BRIEFING
Felbamate Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph, based on validated methods of analysis, is being proposed. The
liquid chromatographic procedures proposed for the Assay and Organic Impurities tes are
based on analyses performed with the PLRP-S brand of L21 column, in which felbamate has a
retention time of about 5.5 min. The liquid chromatographic method used in the Dissolution
test is based on analyses performed with the Partisil C8 brand of L7 column, in which the
retention time for felbamate is about 3 min.
(SM4: R. Ravichandran, M. Marques.)
Correspondence Number—C91874

Comment deadline: July 31, 2011
Add the following:
Felbamate Oral Suspension
DEFINITION
Felbamate Oral Suspension is a viscous liquid containing NLT 90.0% and NMT 110.0% of the
labeled amount of felbamate (C11 H14 N2 O4 ). The product may contain suitable preservatives.
IDENTIFICATION
• A. The retention time of the major peak in the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 28.5 g/L of tribasic sodium phosphate dodecahydrate in water
Mobile phase: Acetonitrile and Buffer (23:77). Adjust with phosphoric acid to a pH of 9.9.
Diluent A: Methanol and water (1:1)
Diluent B: Acetonitrile and water (23:77)
System suitability solution: 0.16 mg/mL of USP Felbamate RS and 0.02 mg/mL of USP
Felbamate Related Compound A RS in Diluent B and methanol prepared as follows. Dissolve
the required amounts of the Reference Standards in a suitable volumetric flask in 8% of
the flask volume of methanol. Dilute with Diluent B to volume.
Standard solution: 0.16 mg/mL of USP Felbamate RS prepared as follows. Dissolve a
weighed quantity in USP Felbamate RS in a suitable volumetric flask containing 16% of the
flask volume of Diluent A. Add 50% of the flask volume of Diluent B. Sonication may be
used to aid dissolution. Dilute with Diluent B to volume.
Sample stock solution: Nominally 1 mg/mL of felbamate in Diluent A prepared as follows.
Transfer an amount of the Oral Suspension to a suitable volumetric flask. Add 60% of the
flask volume of Diluent A, and sonicate for 15 min. Shake mechanically for 30 min, and
dilute with Diluent A to volume.
Sample solution: Nominally 0.16 mg/mL of felbamate from Sample stock solution in Diluent
B. Pass through a filter of 45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.1-mm × 15-cm; 5-µm packing L21
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between felbamate related compound A and felbamate, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of felbamate (C11 H14 N2 O4 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of felbamate from the Sample solution
rS= peak response of USP Felbamate RS from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (mg/mL)
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C=
U nominal concentration of felbamate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Mobile phase: Acetonitrile and water (35:65)
System suitability solution: Prepare a solution of 0.1 mg/mL of USP Methylparaben RS in
methanol. Transfer 10 mL of this solution to a 100-mL volumetric flask containing 40 mg of
USP Felbamate RS. Sonicate for 5 min, and dilute with Medium to volume.
Standard solution: (L/1000) mg/mL of USP Felbamate RS in Medium, where L is the Oral
Suspension label claim in mg/mL. An amount of methanol, not exceeding 10% of the final
volume, can be used to help in solubilizing felbamate.
Sample solution: Using a syringe, accurately weigh by difference approximately 5 mL of
the well-mixed Oral Suspension. Introduce the sample into the dissolution vessel with the
paddles rotating, and avoid getting the sample on the paddle or shaft. At the time
specified, withdraw an aliquot of the solution under test, and pass through a suitable
filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 10-µm packing L7
Flow rate: 2 mL/min
Injection size: 25 µL for System suitability and 15 µL for Analysis
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for methylparaben and felbamate are about 0.5 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between methylparaben and felbamate, System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of felbamate (C11 H14 N2 O4 ) dissolved:
Result = (rU/rS) × (CS/L) × (D/W) × V × 100
rU= peak response of felbamate from the Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (mg/mL)
L= label claim of the Oral Suspension (mg/mL)
D= density of the Oral Suspension (g/mL)
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W= weight of the Oral Suspension taken (g)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of felbamate (C11 H14 N2 O4 ) is dissolved.
IMPURITIES
• Organic Impurities
Mobile phase, Diluent A, Diluent B, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 0.2 mg/mL of USP Felbamate RS and 0.02 mg/mL of USP
Felbamate Related Compound A RS in Diluent B prepared as follows. Transfer suitable
quantities of USP Felbamate RS and USP Felbamate Related Compound A RS into a suitable
volumetric flask. Dissolve in 8% of the flask volume of methanol. Dilute with Diluent B to
volume.
Standard stock solution: 0.2 mg/mL of USP Felbamate RS in Diluent A
Standard solution: 0.2 µg/mL of USP Felbamate RS from Standard stock solution in Diluent
B prepared as follows. Transfer a suitable volume of Standard stock solution to a suitable
volumetric flask containing 0.8% of the flask volume of methanol, and dilute with Diluent B
to volume.
System suitability
Samples: System suitability solution and Standard solution
[NOTE—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between felbamate related compound A and felbamate, System
suitability solution
Tailing factor: NMT 2.0 for the felbamate peak, Standard solution
Relative standard deviation: NMT 10% for the felbamate peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (µg/mL)
C=
U nominal concentration of felbamate in the Sample solution (µg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
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Name
Phenylpropanediola
Felbamate related compound Ab
Felbamate
Individual unspecified degradation
product
Total impurities
a 2-Phenylpropane-1,3- diol.
b 3-Hydroxy-2-phenylpropyl carbamate.

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.63
0.78
1.0

2.6
1.8
—

0.2
0.2
—

—
—

1.0
—

0.2
0.75

SPECIFIC TESTS
• pH

791 : 4.5–6.0, in the well-stirred Oral Suspension

• Microbial Enumeration Tests

61 and Tests for Specified Microorganisms

62 :

The total aerobic microbial count is NMT 102 cfu/mL.
The total yeasts and molds count is NMT 101 cfu/mL.
It meets the requirements of the test for absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Felbamate RS
USP Felbamate Related Compound A RS
3-Hydroxy-2-phenylpropyl carbamate.
C10 H13 NO3
195.22
USP Methylparaben RS
1S (USP35)

BRIEFING
Felbamate Tablets. Because there is no existing USP monograph for this drug product, a new
monograph is being proposed. The liquid chromatographic procedures in the Assay and
Organic Impurities test were validated with the Hypersil C18 brand of L1 column, in which
felbamate elutes at about 6 min. The chromatographic procedure in the Dissolution test was
validated using the Chromegabond MC18 brand of L1 column, in which felbamate elutes at
about 5 min.
(SM4: R. Ravichandran, M. Marques.)
Correspondence Number—C91875

Comment deadline: July 31, 2011
Add the following:
Felbamate Tablets
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DEFINITION
Felbamate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of felbamate
(C11 H14 N2 O4 ).
IDENTIFICATION
• A. Infrared Absorption 197
Sample: Transfer a weighed quantity of finely powdered Tablets, equivalent to 12 mg of
felbamate, to a centrifuge tube. Add 10 mL of methanol, and mix on a vortex mixer for 3
min. Centrifuge, and transfer 1 mL of the clear supernatant to a mortar with 200 mg of
potassium bromide. Evaporate at 105 in an oven for 15 min. Cool the dried residue in a
desiccator, and blend by grinding. Prepare a pellet with 100 mg of the dried residue.
Standard: Transfer 1 mL of 1.2 mg/mL of USP Felbamate RS in methanol to a mortar with
200 mg of potassium bromide. Evaporate at 105 in an oven for 15 min. Cool the dried
residue in a desiccator, and blend by grinding. Prepare a pellet with 100 mg of the dried
residue.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Methanol and water (80:20)
Mobile phase: Acetonitrile, methanol, and water (126:84:790)
System suitability solution: 0.05 mg/mL of USP Felbamate Related Compound A RS and
0.2 mg/mL of USP Felbamate RS in Mobile phase
Standard stock solution: 2 mg/mL of USP Felbamate RS in Diluent
Standard solution: 0.2 mg/mL of USP Felbamate RS from Standard stock solution in Mobile
phase
Sample stock solution: Nominally 2 mg/mL of felbamate from NLT 20 finely powdered
Tablets, prepared as follows. Transfer a weighed quantity of the powder to a suitable
volumetric flask. Add 50% of the flask volume of the Diluent. Sonicate for 30 min with
intermittent shaking. Shake the flask vigorously for NLT 30 min. Dilute with Diluent to
volume. Pass a portion through a suitable membrane filter.
Sample solution: 0.2 mg/mL of felbamate from Sample stock solution in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.8 mL/min
Injection size: 20 µL
Run time: 3 times the retention time of felbamate
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
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Resolution: NLT 2 between felbamate related compound A and felbamate, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of felbamate (C11 H14 N2 O4 ) in the
portion of the Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of felbamate from the Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (mg/mL)
C=
U nominal concentration of felbamate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Mobile phase: Prepare as directed in the Assay.
Standard solution: L/1000 mg/mL of USP Felbamate RS, where L is the Tablet label claim,
in mg. Transfer a suitable weighed quantity of USP Felbamate RS to a suitable volumetric
flask. Add 10% of the flask volume of methanol, and sonicate for 5 min to dissolve. Dilute
with Medium to volume.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.0-mm × 15-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of felbamate (C11 H14 N2 O4 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (mg/mL)
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L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 65% (Q) of the labeled amount of felbamate (C11 H14 N2 O4 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Diluent, Mobile phase, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
System suitability stock solution: 0.4 mg/mL of USP Felbamate Related Compound A RS
and 0.6 mg/mL of USP Felbamate RS in Diluent
System suitability solution: 0.4 µg/mL of USP Felbamate Related Compound A RS and 0.6
µg/mL of USP Felbamate RS from System suitability stock solution in Mobile phase
Standard stock solution: 0.6 mg/mL of USP Felbamate RS in Diluent
Standard solution: 0.6 µg/mL of USP Felbamate RS from Standard stock solution in Mobile
phase
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NMT 2 between felbamate related compound A and felbamate, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10%, Standard solution
Analysis
Samples: Standard solution and Sample solution.
Identify the impurities using the relative retention times shown in Table 1. Calculate the
percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from Sample solution
rS= peak response of felbamate from the Standard solution
C=
S concentration of USP Felbamate RS in the Standard solution (µg/mL)
C=
U nominal concentration of felbamate in the Sample solution (µg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
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Relative
Retention
Time

Name

Relative
Response
Factor

Phenylpropanediola
0.43
1.7
b
Felbamate related compound A
0.65
1.3
Felbamate
1.0
—
N-Aminocarbonylfelbamatec
1.43
—
d
Felbamate related compound B
2.23
—
Individual unspecified degradation
product
—
1.0
Total impurities
—
—
a 2-Phenylpropane-1,3-diol.
b 3-Hydroxy-2-phenylpropyl carbamate.
c 3-Carbamoyloxy-2-phenylpropyl allophanate.
d Phenylethyl carbamate. No limit. This is a process impurity.

Acceptance
Criteria,
NMT (%)
0.2
0.2
—
—
—
0.2
0.75

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Felbamate RS
USP Felbamate Related Compound A RS
3-Hydroxy-2-phenylpropyl carbamate.
C10 H13 NO3
195.22
1S (USP35)

BRIEFING
Itraconazole, USP 34 page 3232. This monograph was published initially based on the version
5.8 EP monograph which has been revised since then. Therefore, it is proposed to revise
some of the tests and procedures to be consistent with the more recent EP version of this
monograph. Specific revisions include:
1.
Use of a new system suitability requirement and gradient program in the test for
Organic Impurities.
2.
Addition of the relative retention times for specificed impurities.
3.
Addition of a limit for any unspecified impurity. The typical retention time for
itraconazole using this gradient program is about 14 min. The liquid chromatographic
procedure in the test for Organic Impurities is based on analysis performed with the
Thermo Electron Hypersil BDS C18 brand of L1 column.
4.
Deletion of the test for Melting Range 741 .
In addition, the USP Miconazole RS has been replaced with the corresponding USP Itraconazole
System Suitability Mixture RS used in the revised test for Organic Impurities.
(SM1: B. Davani.)
Correspondence Number—C70439

Comment deadline: July 31, 2011
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Itraconazole

C35 H38 Cl2 N8 O4

705.63

3H-1,2,4-Triazol-3-one, 4-[4-[4-[4-[[2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl)-;
(±)-1-sec-Butyl-4-[p-[4-[p-[[(2R*,4S*)-2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1ylmethyl)-1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]phenyl]-D2-1,2,4-triazolin-5-one
[84625-61-6.].
DEFINITION
Itraconazole contains NLT 98.5% and NMT 101.5% of C35 H38 Cl2 N8 O4 , calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Diluent: Methyl ethyl ketone and glacial acetic acid (7:1)
Sample solution: 0.3 g of Itraconazole in 70 mL of Diluent
Analysis: Titrate with 0.1 M perchloric acid, determining the endpoint potentiometrically at
the second inflection point. Each mL of 0.1 M perchloric acid is equivalent to 35.3 mg of
Itraconazole (C35 H38 Cl2 N8 O4 ).
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%, determined on 1.0 g
Change to read:
Organic Impurities
• Procedure
Solution A: 0.08 M tetrabutylammonium hydrogen sulfate
Solution B: Acetonitrile
Diluent: Prepare a mixture of methanol and tetrahydrofuran (1:1).
Mobile phase: See the gradient table below.
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Time
Solution A
Solution B
(min)
(%)
(%)
0
80
20
20
50
50
25
50
50
30
80
20
[NOTE—Equilibrate the column for at least 30 min with acetonitrile at a flow rate of 1.5
mL/min and then equilibrate at the initial eluent composition for at least 5 min.]
Resolution solution: 0.05 mg/mL each of USP Itraconazole RS and USP Miconazole in RS in
Diluent
Standard solution: 0.05 mg/mL of USP Itraconazole RS in Diluent
Sample solution: 10 mg/mL itraconazole in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 10-cm column; 3-µm packing L1
Flow rate: 1.5 mL/min
Temperature: 30
Injection size: 10 µL
System suitability
Sample: Resolution solution
Suitability requirements
Resolution: NLT 2.0 between miconazole and itraconazole
Analysis
Samples: Diluent, Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of itraconazole taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of itraconazole from Standard solution
CS= concentration of USP Itraconazole RS in Standard solution (mg/mL)
CU= concentration of itraconazole in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Impurity Table 1.
Total impurities: NMT 1.25%
Impurity Table 1
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Name

Acceptance
Criteria,
NMT (%)

0.5
4-Methoxy derivativea
b
0.5
4-Triazolyl isomer
0.5
Propyl analogc
0.5
Isopropyl analogd
e
0.5
Epimer
0.5
n-Butyl isomerf
0.5
Didioxolanyl analogg
Total impurities
1.25
a 2-sec-Butyl-4-{4-[4-(4-methoxyphenyl)piperazin-1-yl]phenyl}-2H-1,2,4-triazol-3(4H)one.
b 4-(4-{4-[4-({(2RS,4SR)-2-[(4H-1,2,4-Triazol-4-yl)methyl]-2-(2,4-dichlorophenyl)-1,3dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-sec-butyl-2H-1,2,4-triazol-3(4H)one.
c 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-propyl-2H-1,2,4-triazol-3(4H)one.
d 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-isopropyl-2H-1,2,4-triazol-3(4H)one.
e 4-(4-{4-[4-({(2RS,4RS)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-sec-butyl-2H-1,2,4-triazol-3(4H)one.
f 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-butyl-2H-1,2,4-triazol-3(4H)-one.
g 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-({(2RS,4SR)-2-[(1H-1,2,4-triazol1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3-dioxolan-4-yl}methyl)-2H-1,2,4-triazol-3(4H)one.
* Disregard any peak observed in the Diluent and any peak less than 0.05%.
• Organic Impurities
Solution A: 0.08 M tetrabutylammonium hydrogen sulfate
Solution B: Acetonitrile
Diluent: Dilute 4.0 mL of hydrochloric acid with methanol to 1 L.
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
80
20
2
80
20
22
50
50
27
50
50
System suitability solution: 10 mg/mL of USP Itraconazole System Suitability Mixture RS
in Diluent
Standard solution: 1.0 µg/mL of USP Itraconazole RS in Diluent
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Sample solution: 10 mg/mL of Itraconazole in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
System suitability solution: NLT 1.5 peak-to-valley ratio
Calculate the peak-to-valley ratio, p/v, using the following:
p/v = Hp/Hv
H=
p height above the baseline of the peak due to the n-butyl isomer impurity
H=
v height above the baseline of the lowest point of the curve separating this peak from
the itraconazole peak
Analysis
Samples: Diluent, Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of Itraconazole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of itraconazole from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
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Relative
Retention
Time
0.20
0.74
0.86
0.86
0.93
1.0
1.05
1.3
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
0.5
—
0.5
0.5
0.10
1.25

Name
4-Methoxy derivativea
4-Triazolyl isomerb
Propyl analogc
Isopropyl analogd
Epimere
Itraconazole
n-Butyl isomerf
Didioxolanyl analogg
Any unspecified impurity
Total impurities
a 2-sec-Butyl-4-{4-[4-(4-methoxyphenyl)piperazin-1-yl]phenyl}-2H-1,2,4-triazol3(4H)-one.
b 4-(4-{4-[4-({(2RS,4SR)-2-[(4H-1,2,4-Triazol-4-yl)methyl]-2-(2,4-dichlorophenyl)1,3-dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-sec-butyl-2H-1,2,4triazol-3(4H)-one.
c 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)1,3-dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-propyl-2H-1,2,4-triazol3(4H)-one.
d 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)1,3-dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-isopropyl-2H-1,2,4-triazol3(4H)-one.
e 4-(4-{4-[4-({(2RS,4RS)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)1,3-dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-sec-butyl-2H-1,2,4triazol-3(4H)-one.
f 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)1,3-dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-butyl-2H-1,2,4-triazol3(4H)-one.
g 4-(4-{4-[4-({(2RS,4SR)-2-[(1H-1,2,4-Triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)1,3-dioxolan-4-yl}methoxy)phenyl]piperazin-1-yl}phenyl)-2-({(2RS,4SR)-2-[(1H1,2,4-triazol-1-yl)methyl]-2-(2,4-dichlorophenyl)-1,3-dioxolan-4-yl}methyl)-2H-1,2,4triazol-3(4H)-one.
* Disregard any peak observed in the Diluent and any peak less than 0.05%.
1S (USP35)

SPECIFIC TESTS
• Optical Rotation, Angular Rotation 781A
Sample: 100 mg/mL in methylene chloride
Acceptance criteria:

0.10 to +0.10 at 20

Delete the following:
• Melting Range

741 : 166 –170

1S (USP35)
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• Loss on Drying 731
Sample: Dry 1 g at 105 for 4 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
Change to read:
• USP Reference Standards 11
USP Itraconazole RS
USP Miconazole RS
• USP Itraconazole System Suitability Mixture RS
USP Itraconazole System Suitability Mixture RS contains itraconazole and 6 other minor
components (4-triazolyl isomer, propyl analog, isopropyl analog, epimer, n-butyl isomer,
and didioxolanyl analog). 1S (USP35)
BRIEFING
Lactulose Solution, USP 34 page 3259. It is proposed to add the test for Uniformity of Dosage
Units to this monograph. In addition, as part of the redesign of this monograph, it is
proposed to delete the cross-reference to Lactulose Concentrate under Other Requirements
and to incorporate these requirements in a separate Identification section.
(SM3: E. Gonikberg.)
Correspondence Number—C95379

Comment deadline: July 31, 2011
Lactulose Solution
DEFINITION
Lactulose Solution is a solution in water prepared from Lactulose Concentrate. It contains NLT
90.0% and NMT 110.0% of the labeled amount of lactulose (C12 H22 O11 ).
IDENTIFICATION
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)
Add the following:
• B.
Sample solution: Dilute a portion of Solution with water (1 in 20).
Analysis: Add a few drops of the Sample solution to 5 mL of hot alkaline cupric tartrate
TS.
Acceptance criteria: A red precipitate of cuprous oxide is formed. 1S (USP35)
ASSAY
• Procedure
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Buffer: 1.15 g/L of monobasic sodium phosphate in water
Mobile phase: Acetonitrile and Buffer (82:18). [Note—Ensure that the concentration of
acetonitrile in the Mobile phase is between 78% and 85% to obtain appropriate retention
times. ]
Standard solution: 40 mg/mL of USP Lactulose RS, 4.8 mg/mL of USP Anhydrous Lactose
RS, and 3.2 mg/mL of USP Epilactose RS in a mixture of acetonitrile and water (1:1)
Sample solution: Transfer a quantity of the Lactulose Solution containing 2.0 g of
lactulose to a 50-mL volumetric flask, and dissolve in 20 mL of water. Add 25.0 mL of
acetonitrile, allow the solution to reach ambient temperature, and dilute with water to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 3-µm packing L8
Temperature
Detector: 40 ± 1
Column: 40 ± 1
Flow rate: 1.3 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[NOTE—The relative retention times are given in Table 1.]
Suitability requirements
Resolution: NLT 1.5 between lactulose and lactose; NLT 0.9 between lactulose and
epilactose
Relative standard deviation: NMT 2.0% for the main peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lactulose (C12 H22 O11 ) in the portion
of Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lactulose RS in the Standard solution (mg/mL)
C=
U nominal concentration of lactulose in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Add the following:
• Uniformity of Dosage Units 905 : FOR ORAL SOLUTION PACKAGED IN SINGLE-UNIT
CONTAINERS: Meets the requirements 1S (USP35)
IMPURITIES
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• Organic Impurities
Buffer, Mobile phase, Sample solution, Chromatographic system, and System
suitability: Prepare as directed in the Assay. [Note—To evaluate the Suitability
requirements, use the Standard solution prepared as directed in the Assay. ]
Standard solution: 6.4 mg/mL of USP Galactose RS, 4.8 mg/mL of USP Anhydrous Lactose
RS, 3.2 mg/mL of USP Epilactose RS, and 0.4 mg/mL of USP Fructose RS in acetonitrile
and water (1:1)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of galactose, lactose, epilactose, and fructose, if found, in
the portion of Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the relevant related compound from the Sample solution
rS= peak response of the relevant related compound from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of lactulose in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.

Name
Fructose
Galactose
Epilactose
Lactulose
Lactose

Table 1
Relative
Retention
Time
0.30
0.42
0.85
1.0
1.1

Acceptance
Criteria,
NMT (%)
1
16
8
—
12

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total bacterial count is NMT 102 cfu/g of lactulose, and the tests for Salmonella species
and Escherichia coli are negative.
• pH

791 : 2.5–6.5, after 15 min of contact with the electrodes

Delete the following:
• Other Requirements: It meets the requirements for Identification under Lactulose
Concentrate. 1S (USP35)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably at a temperature between
2 and 30 . Avoid subfreezing temperatures.
• USP Reference Standards 11
USP Anhydrous Lactose RS
USP Epilactose RS
USP Fructose RS
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USP Galactose RS
USP Lactulose RS
BRIEFING
Leflunomide Tablets, USP 34 page 3273. It is proposed to correct the name of the reagent
used to prepare the Medium in Dissolution Test 1.
(SM2: M. Marques.)
Correspondence Number—C99545

Comment deadline: July 31, 2011
Leflunomide Tablets
DEFINITION
Leflunomide Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of leflunomide
(C12 H9 F 3 N2 O2 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 220–360 nm
Sample solution: 0.01 mg/mL in methanol
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, triethylamine, and water (70:1:130). Adjust with phosphoric
acid to a pH of 4.0.
System suitability solution A: 10 µg/mL of USP Leflunomide Related Compound A RS, 1
mg/mL of USP Leflunomide Related Compound B RS, and 100 µg/mL of USP Leflunomide
Related Compound C RS in a minimum amount of acetonitrile, and diluted with Mobile phase
System suitability solution B: Transfer 100.0 mg of USP Leflunomide RS to a 100-mL
volumetric flask. Dissolve in 2 mL of acetonitrile, add 1 mL of System suitability solution A
and 80 mL of Mobile phase, and shake by mechanical means for 10 min. Dilute with Mobile
phase to volume.
Standard solution: 1 mg/mL of USP Leflunomide RS in a minimum volume of acetonitrile,
and diluted with Mobile phase
Sample solution: Transfer equivalent to 100 mg of leflunomide, from finely powdered
Tablets (NLT 20), to a 100-mL volumetric flask. Add 20 mL of acetonitrile, dilute with
Mobile phase to volume, and shake by mechanical means for 10 min. Pass through a
membrane filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 12.5-cm; packing L1
Flow rate: 1 mL/min
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Injection size: 10 µL
System suitability
Samples: System suitability solution B and Standard solution
[NOTE—The relative retention times for leflunomide related compound B, leflunomide
related compound A, leflunomide related compound C, and leflunomide are 0.2, 0.4, 0.9,
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between leflunomide related compound C and leflunomide, System
suitability solution B
Tailing factor: NMT 3.0 for leflunomide, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of leflunomide (C12 H9 F 3 N2 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Leflunomide RS in the Standard solution (mg/mL)
C=
U nominal concentration of leflunomide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1
Medium
For Tablets labeled to contain 10 or 20 mg: Water, 1000 mL, deaerated
For Tablets labeled to contain 100 mg: Water containing 0.6% of polyoxyethylene
(23) 1S (USP35)
lauryl ether; 1000 mL, deaerated
Apparatus 2: 100 rpm
Time: 30 min
Determine the amount of leflunomide (C12 H9 F 3 N2 O2 ) dissolved by using one of the
following methods.
Spectrometric method
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 262 nm
Standard solution: USP Leflunomide RS in Medium. [Note—A volume of methanol not
exceeding 2% of the final volume of the Standard solution may be used to dissolve
leflunomide. ]
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Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium to a concentration that is similar to that of the
Standard solution, if necessary.
Chromatographic method
Mobile phase: Acetonitrile and water (1:1)
Standard solution: Transfer 22 mg of USP Leflunomide RS to a 100-mL volumetric
flask. Add 40 mL of acetonitrile, and sonicate until dissolved. Add 40 mL of water, and
cool to room temperature. Dilute with water to volume. Transfer 10.0 mL of this
solution to a 100-mL volumetric flask, and dilute with water to volume.
Sample solution: Use portions of the solution under test passed through a suitable
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 40 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the amount of leflunomide (C12 H9 F 3 N2 O2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Leflunomide RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of leflunomide (C12 H9 F 3 N2 O2 ) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium, Apparatus 2, Time, Spectrometric method, and Chromatographic method:
Proceed as directed for Test 1.
Tolerances: NLT 75% (Q) of the labeled amount of leflunomide (C12 H9 F 3 N2 O2 ) is
dissolved.
• Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity
Mobile phase, System suitability solution A, System suitability solution B, Standard
solution, Chromatographic system, and Analysis: Proceed as directed in the Assay.
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Sample solution: Transfer 1 Tablet to a suitable volumetric flask, and prepare a solution
having a concentration of 1 mg/mL of leflunomide. Add Mobile phase 50% by volume,
and shake to disintegrate the Tablet. After the Tablet is completely disintegrated, add
acetonitrile 20% by volume, dilute with Mobile phase to volume, and shake again. Pass
through a membrane filter.
IMPURITIES
• Procedure
Mobile phase, System suitability solution A, System suitability solution B, Standard
solution, Sample solution, and Chromatographic system: Proceed as directed in the
Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of all the peak responses of the related compounds and leflunomide from the
Sample solution
Acceptance criteria
Leflunomide related compound A: NMT 0.1%
Leflunomide related compound B: NMT 3.5%
Leflunomide related compound C: NMT 0.2%
Individual impurities: NMT 0.2%
Total impurities: NMT 4.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant, and humidity-resistant
containers.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Leflunomide RS
USP Leflunomide Related Compound A RS
USP Leflunomide Related Compound B RS
USP Leflunomide Related Compound C RS
BRIEFING
Morphine Sulfate Injection. USP 34 page 3564. On the basis of comments received, it is
proposed to revise the Labeling section to clarify use of the word “Intrathecal” and to revise
the Bacterial Endotoxins Test accordingly. The FDA and Institute for Safe Medication
Practices (ISMP) have cited misadministration in products where “intrathecal” is listed in the
Labeling section. It is also proposed to correct the numerical value for the molecular weight
of morphine sulfate pentahydrate used in the Assay calculation from 758.85 to 758.83. The
time-saving HPLC retention time procedure in the Assay is proposed to replace the TLC
procedure in the Identifcation test.
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(SM2: C. Anthony.)
Correspondence Number—C97091; C90916

Comment deadline: July 31, 2011
Morphine Sulfate Injection
DEFINITION
Morphine Sulfate Injection is a sterile solution of Morphine Sulfate in Water for Injection. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of morphine sulfate pentahydrate
[(C17 H19 NO3 )2 ·H2 SO4 ·5H2 O]. Injection intended for intramuscular or intravenous administration
may contain sodium chloride as a tonicity-adjusting agent, and suitable antioxidants and
antimicrobial agents. Injection intended for intrathecal or epidural use may contain sodium
chloride as a tonicity-adjusting agent, but contains no other added substances.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 250-µm layer of chromatographic silica gel mixture
Standard solution: 500 µg/mL of USP Morphine Sulfate RS in a mixture of methanol and
water (1:1)
Sample solution: 500 µg/mL from Injection in methanol
Application volume: 20 µL
Developing solvent system: Acetone, methanol, and ammonium hydroxide (50:50:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent has moved three-fourths of the length of the
plate. Locate the spots on the plate by examination under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 1S (USP35)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP35)
• B. Identification Tests—General, Sulfate
chloride test.

191 : It meets the requirements of the barium

ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 0.73 g of sodium 1-heptanesulfonate in 720 mL of water, and add
280 mL of methanol and 10 mL of glacial acetic acid.
System suitability solution: 0.24 mg/mL of USP Morphine Sulfate RS and 0.15 mg/mL of
phenol in Mobile phase
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Standard solution: 0.24 mg/mL of USP Morphine Sulfate RS
(on the anhydrous basis) 1S (USP35)
in Mobile phase. [Note—Prepare a fresh solution daily. ]
Sample solution: Nominally 0.24 mg/mL of morphine sulfate from the Injection in Mobile
phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 284 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for phenol and morphine are about 0.7 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between phenol and morphine sulfate, System suitability solution
Tailing factor: NMT 2.0 for the morphine sulfate peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of morphine sulfate pentahydrate
[(C17 H19 NO3 )2 ·H2 SO4 ·5H2 O] in each mL of the Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration USP Morphine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of morphine sulfate pentahydrate, 758.85
758.83 1S (USP35)
Mr2
= molecular weight of anhydrous morphine sulfate, 668.77
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 2.5–6.5

Change to read:
• Bacterial Endotoxins Test 85 : It contains NMT 17.0 USP Endotoxin Units/mg of
morphine sulfate. if labeled for intrathecal use, it contains NMT 14.29 USP Endotoxin
Units/mg of morphine sulfate
1S (USP35)
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• Particulate Matter in Injections
injections

788 : Meets the requirements under small-volume

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or in multiple-dose containers, preferably
of Type I glass, protected from light. Preserve Injection labeled “Preservative-free” in
single-dose containers.
Change to read:
• Labeling: It meets the requirements for Injections
Labeling under Injections

1 .

1 , Labeling

1S (USP35)

Label it also to state that the Injection is not to be used if its color is darker than pale
yellow, if it is discolored in any other way, or if it contains a precipitate. Injection
containing no antioxidant or antimicrobial agents prominently bears on its label the words
“Preservative-free”, and includes, in its labeling, its routes of administration and the
statement that it is not to be heat-sterilized. Injection containing antioxidant or
antimicrobial agents includes in its labeling its routes of administration and the statement
that it is not for intrathecal or epidural use.
“For intravenous use only. Fatal if given by other routes.” 1S (USP35)
• USP Reference Standards
USP Endotoxin RS
USP Morphine Sulfate RS

11

BRIEFING
Omega-3-Acid Ethyl Esters Capsules. Because there is no existing USP monograph for this
dosage form, a new monograph is proposed. The proposed procedure for Content of EPAee
and DHAee is based on determinations performed with the Zebron ZB-WAX brand of column
containing phase G16 from Phenomenex.
(DS: N. Davydova.)
Correspondence Number—C93985

Comment deadline: July 31, 2011
Add the following:
Omega-3-Acid Ethyl Esters Capsules
DEFINITION
Omega-3-Acid Ethyl Esters Capsules contain Omega-3-Acid Ethyl Esters, which are obtained by
transesterification of the body oil obtained from fish of families such as Engraulidae,
Carangidae, Clupeidae, Osmeridae, Salmonidae, and Scombridae and subsequent purification
processes including urea fractionation followed by molecular distillation with NLT 95.0% and
NMT 105.0% of the labeled sum of eicosapentaenoic acid ethyl ester (EPAee) and
docosahexaenoic acid ethyl ester (DHAee). The content of EPAee plus the content of DHAee is
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NLT 800 mg/g and NMT 880 mg/g, with NLT 430 mg/g and NMT 495 mg/g of EPAee and NLT 347
mg/g and NMT 403 mg/g of DHAee. Tocopherol may be added as an antioxidant.
IDENTIFICATION
• A. The retention times of the peaks for eicosapentaenoic acid ethyl ester and
docosahexaenoic acid ethyl ester of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay for Content of EPAee and DHAee.
ASSAY
• Content of EPAee and DHAee
[Note—Carry out the procedure as rapidly as possible, avoiding exposure to actinic light,
oxidizing agents, oxidation catalysts (i.e., copper and iron), and air. ]
Antioxidant solution: 50 mg/L of butylated hydroxytoluene in isooctane
Internal standard solution: 7.0 mg/mL of USP Methyl Tricosanate RS in Antioxidant
solution
System suitability solution: 5.5 mg/mL of docosahexaenoic acid methyl ester and 0.5
mg/mL of tetracos-15-enoic acid methyl ester in Antioxidant solution
Standard solution: Dissolve 60.0 mg of USP Docosahexaenoic Acid Ethyl Ester RS and 90.0
mg of USP Eicosapentaenoic Acid Ethyl Ester RS in 10.0 mL of Internal standard solution.
Sample solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp blade,
carefully open the Capsules, without loss of shell material, and transfer the combined
Capsule contents to a 100-mL beaker. Remove any adhering substance from the emptied
Capsules by washing with several small portions of diethyl ether. Discard the washings,
and allow the empty Capsules to air-dry over a period of NMT 30 min, taking precautions
to avoid uptake or loss of moisture. Weigh the empty Capsules in the original tared
weighing bottle, and calculate the average fill weight per Capsule (AFW). Transfer 250 mg
of the combined capsule contents to a suitable flask, and dissolve with 10.0 mL of
Internal standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 25–50-m fused silica capillary column coated with a 0.25-µm film of
G16
Temperature
Injector: 250
Detector: 270
Column: See Table 1.
Initial
Temperature
( )

Table 1
Temperature
Final
Ramp
Temperature
( /min)
( )

170
0
170
3.5
Carrier gas: Hydrogen or helium

170
255

Hold Time
at Final
Temperature
(min)
2
9
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Linear velocity: Adjust to obtain a retention time for docosahexaenoic acid ethyl ester
of 26 ± 3 min.
Split flow ratio: 1:220
Injection size: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between the peaks in the System suitability solution due to
docosahexaenoic acid methyl ester and tetracos-15-enoic acid methyl ester
Relative standard deviation: NMT 2.0% for the ratios of the peak responses of DHAee
and EPAee relative to the internal standard, Standard solution
Analysis
Samples: Standard solution and Sample solutions
Calculate the content, in mg/g, of EPAee and DHAee in the content of the Capsules
taken:
Result = (RU/RS) × (CS/CU)
R=
U peak area ratio of the EPAee or DHAee peak to the internal standard peak in the Sample
solution
RS= peak area ratio of the EPAee or DHAee peak to the internal standard peak in the
Standard solution
C=
S concentration of USP Eicosapentaenoic Acid Ethyl Ester RS or USP Docosahexaenoic
Acid Ethyl Ester RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (g/mL)
Acceptance criteria: See Table 2.
Name

EPAee
DHAee
EPAee + DHAee

Table 2
Acceptance
Criteria,
NLT (mg/g)
430
347
800

Acceptance
Criteria,
NMT (mg/g)
495
403
880

Calculate the percentage of the labeled sum of EPAee and DHAee in the Capsules taken:
Result = (EPAee + DHAee) × AFW × 100/L
EPAee= content of EPAee in the portion of Capsules taken (mg/g)
DHAee= content of DHAee in the portion of Capsules taken (mg/g)
AFW = average fill weight of the Capsules taken (g)
L
= the sum of the labeled content of EPAee and DHAee (mg/Capsule)
Acceptance criteria: 95.0%–105.0% of the labeled sum of EPAee and DHAee
PERFORMANCE TESTS
• Uniformity of Dosage Units
• Disintegration 701
Medium, tier 1: Water

905 : Meet the requirements for Weight Variation
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Medium, tier 2: Simulated gastric fluid TS
Time: 30 min
Analysis: Perform the test with water as the Medium, tier 1. Repeat the test with
simulated gastric fluid TS as the Medium, tier 2, if the disintegration time is more than
30 min in Medium, tier 1.
IMPURITIES
• Oligomers
Mobile phase: Tetrahydrofuran
Sample solution 1: 5.0 mg/mL of the Capsule contents in tetrahydrofuran
Sample solution 2: [Note—Use Sample solution 2 where the results of this test using
Sample solution 1 exceed the Acceptance criteria due to the presence of monoglycerides.
] Weigh 50 mg of the Capsule contents into a quartz tube, add 1.5 mL of a 20-g/L
solution of sodium hydroxide in methanol, cover with nitrogen, cap tightly with a polyteflined cap, mix, and heat on a water bath for 7 min. Allow to cool. Add 2.0 mL of boron
trichloride–methanol solution, cover with nitrogen, cap tightly, mix, and heat on a water
bath for 30 min. Cool to 40 –50 , add 1 mL of isooctane, cap, and shake vigorously for
NLT 30 s. Immediately add 5 mL of saturated sodium chloride solution, cover with
nitrogen, cap, and shake thoroughly for NLT 15 s. Transfer the upper layer to a separate
tube. Shake the methanol layer with 1 mL of isooctane. Wash the combined isooctane
extracts with 2 quantities, each of 1 mL of water. Carefully evaporate the solvent under a
stream of nitrogen, then add 10.0 mL of tetrahydrofuran to the residue. Add a small
amount of anhydrous sodium sulfate, and filter.
System suitability solution: Monodocosahexaenoin, didocosahexaenoin, and
tridocosahexaenoin in Mobile phase, with concentrations of about 0.5, 0.3, and 0.2
mg/mL, respectively. [Note—Suitable grades of monodocosahexaenoin,
didocosahexaenoin, and tridocosahexaenoin may be obtained from Nu-Chek Prep. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three concatenated 7.8-mm × 30-cm columns; 7-µm packing L21, with pore
sizes in the range 5–50 nm, arranged with decreasing pore size from the injector to the
detector to fulfill the system suitability requirements
Flow rate: 0.8 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Elution order: Tridocosahexaenoin, didocosahexaenoin, and monodocosahexaenoin
Resolution: NLT 2.0 between monodocosahexaenoin and didocosahexaenoin, and NLT
1.0 between didocosahexaenoin and tridocosahexaenoin
Analysis
Sample: Sample solution
Measure the areas of the major peaks. Calculate the percentage of oligomers in the
portion of omega-3-acid ethyl esters taken to prepare Sample solution 1:
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Result = (rI /rT) × 100
r=
I sum of the peak areas with retention times less than that of the ethyl esters peak
r=
T sum of the areas of all peaks
Calculate the percentage of oligomers in the portion of the Capsules contents taken to
prepare Sample solution 2:
Result = (rI /rT) × 100
r=
I sum of the peak areas with retention times less than that of the methyl esters peak
r=
T sum of the areas of all peaks
Acceptance criteria: NMT 2% of oligomers
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value 401
Sample solution: Dissolve about 5.0 g of the oil, accurately weighed, in 100 mL of a
mixture of equal volumes of alcohol and ether (which has been neutralized to
phenolphthalein with 0.1 M potassium hydroxide) contained in a flask.
Acceptance criteria: NMT 2.0 mg KOH/g
• Fats and Fixed Oils, Anisidine Value

401 : NMT 25

• Fats and Fixed Oils, Peroxide Value 401 : NMT 10 meq/kg
• Absorbance
Sample solution: Transfer 300 mg, accurately weighed, into a 50-mL volumetric flask.
Dissolve in and dilute immediately with isooctane to volume. Pipet 2.0 mL into a 50-mL
volumetric flask, and dilute with isooctane to volume.
Acceptance criteria: NMT 0.60, determined at 233 nm in a 1-cm cell, with isooctane being
used as the blank
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : NMT
103 for the total aerobic microbial count, and NMT 102 for the total combined yeasts and
molds count. Meet the requirements for absence of Escherichia coli and Staphylococcus
aureus in 1 g, and for the absence of Salmonella in 10 g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature. Do not freeze. Protect from light.
• Labeling: The label states the amount of docosahexaenoic acid (DHA) ethyl ester and
eicosapentaenoic acid (EPA) ethyl ester, and the minimum amount of total content of
omega-3-acid ethyl esters in mg/Capsule. It also states the name and content of any
added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.
C24 H36 O2
356.55
USP Eicosapentaenoic Acid Ethyl Ester RS
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22 H34 O2
330.51
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USP Methyl Tricosanoate RS
Tricosanoic acid methyl ester.
C24 H48 O2
368.64
1S (USP35)

BRIEFING
Oxcarbazepine Oral Suspension. Because there is no existing USP monograph for this drug
product, a new monograph, based on validated methods of analyses is proposed. The liquid
chromatographic procedure in the Assay and in the test for Organic Impurities is based on
analyses performed with the YMC Pro C18 brand of L1 column. The typical retention time for
oxcarbazepine is about 8.3 min. The liquid chromatographic procedure in the test for
Dissolution is based on analyses performed with the Nucleosil–10 CN brand of L10 column.
The typical retention time for oxcarbazepine is about 5 min.
(SM4: H. Ramanathan, R. Ravichandran, M. Marques.)
Correspondence Number—C86204

Comment deadline: July 31, 2011
Add the following:
Oxcarbazepine Oral Suspension
DEFINITION
Oxcarbazepine Oral Suspension contains NLT 95.0% and NMT 105.0% of the labeled amount of
oxcarbazepine (C15 H12 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak from the Sample solution corresponds to that from
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect all solutions from light.
Buffer: Dissolve 1.36 g of sodium acetate trihydrate and 0.6 g of glacial acetic acid in 1 L
of water. Adjust with glacial acetic acid to a pH of 4.4.
Solution A: Acetonitrile, tetrahydrofuran, tert-butyl methyl ether, and Buffer
(130:30:9:830)
Solution B: Acetonitrile, tetrahydrofuran, tert-butyl methyl ether, and Buffer
(670:30:9:290)
Mobile phase: See Table 1.
Table 1
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Time
Solution A
Solution B
(min)
(%)
(%)
0
93
7
2
90
10
10
90
10
25
10
90
26
93
7
35
93
7
Diluent: Dissolve 0.1 g of ascorbic acid and 1 mL acetonitrile in 1 L of water.
Standard stock solution: 1 mg/mL of USP Oxcarbazepine RS in acetonitrile. Sonicate to
aid in dissolution.
Standard solution: 0.25 mg/mL of USP Oxcarbazepine RS from the Standard stock
solution, prepared as follows. Dilute a suitable volume of the Standard stock solution first
in Diluent, using 70% final volume. Allow the solution to equilibrate to room temperature,
and dilute with acetonitrile to volume.
Sample solution: 0.25 mg/mL of oxcarbazepine from a portion of Oral Suspension,
prepared as follows. Dissolve first in Diluent using 8% of final volume, fill 30% of final
volume with acetonitrile. Sonicate for 15 min. Add Diluent to fill 36% of final volume.
Shake the flask vigorously. Allow the solution to equilibrate to room temperature, and
dilute with Diluent to volume.
System suitability stock solution: 0.01 mg/mL of USP Oxcarbazepine Related Compound
A RS and 0.02 mg/mL of USP Oxcarbazepine Related Compound C RS in acetonitrile
System suitability solution: 0.5 µg/mL of USP Oxcarbazepine Related Compound A RS and
1 µg/mL of USP Oxcarbazepine Related Compound C RS from System suitability stock
solution, in Standard solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.0-mm × 25-cm; 3-µm packing L1
Column temperature: 50
Flow rate: 0.6 mL/min
Injection size: 5 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—Refer to Table 2 in the test for Organic Impurities for the relative retention
times.]
Suitability requirements
Resolution: NLT 1.3 between oxcarbazepine related compound C and oxcarbazepine
related compound A, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxcarbazepine (C15 H12 N2 O2 ) in the
portion of Oral Suspension taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of oxcarbazepine from the Sample solution
rS= peak response of oxcarbazepine from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxcarbazepine in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 1% sodium dodecyl sulfate in water; 890 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Shake manually a bottle of Oral Suspension for about 20 s. Using a 10-mL
syringe, draw 10.0 mL of the Oral Suspension. Attach a long needle to the syringe. Deliver
carefully 10.0 mL of Oral Suspension through the needle to the bottom of the vessel
containing preheated Medium. Take about 10 mL of the Medium from the vessel to clean
the syringe, and transfer it back to the vessel. Start the paddle rotation immediately after
introduction of each sample.
Sample solution: Pass a portion of the solution under test through a suitable filter of 1-µm
pore size, discarding the first few mL.
Standard solution: 0.7 mg/mL of USP Oxcarbazepine RS in Medium
Mobile phase: Methanol, acetic acid, and water (24:1:75)
Chromatographic system:
(See Chromatography 621 , System Suitability)
Mode: LC
Detector: UV 310 nm
Column: 4.6-mm × 25-cm; 10-µm packing L10
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxcarbazepine (C15 H12 N2 O2 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
L= label claim (mg in 10 mL)
V= volume of Medium, 900 mL
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Tolerances: NLT 80% (Q) of the labeled amount of oxcarbazepine (C15 H12 N2 O2 ) is
dissolved.
• Deliverable Volume

698 : Meets the requirements

IMPURITIES
• Procedure
Protect all solutions from light.
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 0.5 mg/mL of USP Carbamazepine RS in acetonitrile. Sonicate to
aid in dissolution.
Standard solution: 0.5 µg/mL of USP Carbamazepine RS from the Standard stock solution
prepared as follows: Dilute a volume of the Standard stock solution first in Diluent, using
70% of final volume. Cool to room temperature and dilute with acetonitrile to volume.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.3 between oxcarbazepine related compound C and oxcarbazepine
related compound A peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Oral Suspension
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxcarbazepine in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria See Table 2.
Table 2
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Name

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Acridine carboxylic acida
0.24
11.1
0.1
b
Carbamazepinedione
0.65
0.68
0.2
Oxcarbazepine
1.0
1.0
—
Oxcarbazepine related compound Cc
1.33
12.5
0.1
d
,
*
Oxcarbazepine related compound A
1.38
—
—
Carbamazepine
1.66
1.0
—
e
Dibenzazepinodione
1.97
1.1
0.2
Acridinef
2.49
11.1
0.1
g
Dibenzazepinone
2.62
2.9
0.1
Any unspecified individual degradation
product
—
1.0
0.1
Total impurities
—
—
0.8
a Acridine-9-carboxylic acid.
b 10,11-Dioxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
c Acridin-9(10H)-one.
d N-Formyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
e 5H-Dibenzo[b,f]azepine-10,11-dione.
f Acridine.
g 10(11H)-Oxo-5H-dibenz[b,f]azepine.
* For system suitability purposes only.
SPECIFIC TESTS
• pH

791 : 2.7–3.7

• Microbial Enumeration Tests 61 and Test for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Carbamazepine RS
USP Oxcarbazepine RS
USP Oxcarbazepine Related Compound A RS
N-Formyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
C16 H12 N2 O3
280.28
USP Oxcarbazepine Related Compound C RS
Acridin-9(10H)-one.
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195.22

1S (USP35)

BRIEFING
Piperacillin for Injection, USP 34 page 3938. It is proposed to remove the cross-reference to
the Identification test under Piperacillin in the Other Requirements section and to move the
relevant test to the Identification section. The relative response factors in the test for
Organic Impurities are revised per current USP style and placed in the denominator rather
than the numerator. The Organic Impurities test was revised to indicate that piperacillin
related compound B and ampicillin are process impurities that are controlled in the drug
substance.
(SM1: A. Wise.)
Correspondence Number—C98793

Comment deadline: July 31, 2011
Piperacillin for Injection
DEFINITION
Piperacillin for Injection contains an amount of piperacillin sodium equivalent to NLT 90.0% and
NMT 120.0% of the labeled amount of piperacillin (C23 H27 N5 O7 S).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K

1S (USP35)

ASSAY
• Procedure
Mobile phase: Methanol, 0.2 M monobasic sodium phosphate, 0.4 M tetrabutylammonium
hydroxide, and water (450:100:3:447). Adjust with phosphoric acid to a pH of 5.50 ±
0.02.
Standard solution: 0.4 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.
System suitability solution: 0.1 mg/mL of USP Ampicillin RS and 0.2 mg/mL of USP
Piperacillin RS in Mobile phase
Sample solution 1 (where it is labeled for use as a single-dose container): Equivalent to
0.4 mg/mL of piperacillin from Piperacillin for Injection consitituted as directed below.
Constitute Piperacillin for Injection in a volume of water corresponding to the volume of
solvent specified in the labeling. Withdraw all of the withdrawable contents using a
suitable hypodermic needle and syringe, and dilute with Mobile phase.
Sample solution 2 (where the label states the quantity of piperacillin in a given volume of
the constituted solution): Equivalent to 0.4 mg/mL of piperacillin from Piperacillin for
Injection consitituted as directed below.
Constitute Piperacillin for Injection in a volume of water corresponding to the volume of
solvent specified in the labeling. Dilute an aliquot of the constituted solution with Mobile
phase.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[NOTE—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 16 between ampicillin and piperacillin, System suitability solution
Tailing factor: NMT 1.2 for the piperacillin peak, System suitability solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution 1 or 2
Calculate the percentage of the labeled amount of piperacillin (C23 H27 N5 O7 S) in the
container or in the portion of constituted solution taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Piperacillin RS in the Standard solution (mg/mL)
C=
U nominal concentration of piperacillin in Sample solution 1 or Sample solution 2 (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, System suitability solution, Sample solution 1, Sample solution 2,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Evaluate the Relative standard deviation using the Standard solution prepared in the
Assay.
Standard solution: 40 µg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few drops
of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.
Analysis
Samples: Standard solution and Sample solution 1 or 2
Calculate the percentage of piperacillin related compound A and piperacillin related
compound C in the portion of Piperacillin for Injection taken:
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Result = (rU/rS) × (CS/CU) × P × 1/F 1 × F 2 × 100
rU= peak response of piperacillin related compound A or piperacillin related compound C from
Sample solution 1 or 2
rS= peak response of piperacillin from the Standard solution
C=
S concentration of USP Piperacillin RS in Standard solution (mg/mL)
C=
U nominal concentration of piperacillin in Sample solution 1 or 2 (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F 1= relative response factor (see Table 1)
F 2= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 1.

Name
Piperacillin related compound B
a

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.24

—

—

0.31
0.37
0.62
1.0

—
1.1
0.7
—

—
1.0
3.5
—

1S (USP35)

,b

Ampicillin
a

1S (USP35)

Cc

Piperacillin related compound
Piperacillin related compound Ad
Piperacillin

a These are process impurities that are listed here for information only; they are
controlled in the drug substance and are not to be reported. 1S (USP35)
b 1-Ethyl-2,3-piperazinedione.
c 2-(3-Acetyl-4-carboxy-5,5-dimethyl-2- thiazolidinyl)-N-[N-[(4-ethyl-2,3-dioxo-1piperazinyl)-carbonyl]-2-phenylglycyl]glycine.
d 4-Carboxy- -[2-(4-ethyl-2,3-dioxo-1-piperazinecarboxamido-2-phenylacetamido]5,5-dimethyl-2-thiazolidinacetic acid.
SPECIFIC TESTS
• Constituted Solution: At the time of use, it meets the requirements under Injections
Constituted Solutions.
• Bacterial Endotoxins Test
piperacillin.

1 ,

85 : It contains NMT 0.07 USP Endotoxin Unit/mg of

• Sterility Tests 71 : It meets the requirements when tested as directed under Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• pH

791 : 4.8–6.8, in a solution of 200 mg/mL of piperacillin

• Water Determination, Method I 921 : NMT 0.9%
• Particulate Matter in Injections
injections
Change to read:

788 : Meets the requirements for small-volume
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• Other Requirements: It meets the requirements of the test for Identification under
Piperacillin and
1S (USP35)

meets the requirements for Injections

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described under Injections
Solids.
• USP Reference Standards
USP Ampicillin RS
USP Endotoxin RS
USP Piperacillin RS

1 , Containers for Sterile

11

BRIEFING
Quetiapine Fumarate. Because there is no existing USP monograph for this drug substance, a
new monograph is being proposed. The liquid chromatographic HPLC procedure in the Assay
is based on analyses performed with the Zorbax RX C8 brand of L7 column manufactured by
Agilent Technologies in which quetiapine elutes at a retention time of 15 min. The Organic
Impurities procedure is based on the gradient elution liquid chromatographic method
proposed in PharmEuropa 22.1, using a Symmetry C8 brand of L7 column manufactured by
Waters Corporation in which quetiapine elutes at a retention time of 13 min.
(SM4: R. Ravichandran.)
Correspondence Number—C46867

Comment deadline: July 31, 2011
Add the following:
Quetiapine Fumarate

(C21 H25 N3 O2 S)2 ·C4 H4 O4

883.09

Ethanol, 2-[2-(4-dibenzo[b,f][1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]-, (E)-2-butenedioate
(2:1) (salt);
2-[2-(4-Dibenzo[b,f][1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]ethanol fumarate (2:1) salt
[111974-72-2.].
DEFINITION
Quetiapine Fumarate contains NLT 98.0% and NMT 102.0% of (C21 H25 N3 O2 S)2 ·C4 H4 O4 ,
calculated on the dried basis.
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 2.6 g/L of dibasic ammonium phosphate. Adjust with phosphoric acid to a pH of 6.5.
Mobile phase: Methanol, acetonitrile, and Buffer (54:7:39)
System suitability solution: 1.0 mg/mL of USP Quetiapine System Suitability RS in Mobile
phase
Standard solution: 0.08 mg/mL of USP Quetiapine Fumarate RS in Mobile phase
Sample solution: 0.08 mg/mL of Quetiapine Fumarate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.3 mL/min
Injection size: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[NOTE—The relative retention times for quetiapine impurity I and quetiapine are about 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the quetiapine impurity I and quetiapine peaks, System
suitability solution
Tailing factor: NMT 2.0 for the quetiapine peak, Standard solution
Relative standard deviation: NMT 2.0%, Standard soluion
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of quetiapine fumarate ((C21 H25 N3 O2 S)2 ·C4 H4 O4 ) in the portion
of Quetiapine Fumarate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
C=
U concentration of Quetiapine Fumarate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
OTHER COMPONENTS
• Content of Fumaric Acid
Sample: 200 mg of Quetiapine Fumarate
Titrimetric system
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(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N tetrabutylammonium hydroxide in methanol/isopropyl alcohol VS
Endpoint detection: Potentiometric
Blank: 50 mL of dimethylformamide
Analysis: Dissolve the Sample in 50 mL of dimethylformamide, and titrate with 0.1 N
tetrabutylammonium hydroxide in methanol/isopropyl alcohol VS. Calculate the percentage
of fumaric acid (C4 H4 O4 ) in the portion of the Quetiapine Fumarate taken:
Result = [(V

B) × N × F × 100]/W

V= volume of titrant needed for the Sample (mL)
B= volume of titrant needed for the Blank (mL)
N= titrant normality (mEq/mL)
F= equivalency factor for fumaric acid, 116.07 mg/mEq
W
= weight of the Sample (mg)
Acceptance criteria: 13.0%–13.3% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities
Buffer: Dissolve 3.3 g of dibasic ammonium phosphate in 900 mL of water. Adjust with
phosphoric acid to a pH of 7.0. Dilute with water to 1 L.
Solvent mixture: Acetonitrile and methanol (67:33)
Solution A: Solvent mixture and Buffer (41:59)
Solution B: Solvent mixture and water (80:20)
Mobile phase: See Table 1. Return to original conditions, and requilibrate the column.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
90
10
13
90
10
25
10
90
38
10
90
38.1
90
10
50
90
10
System suitability solution: 1 mg/mL of USP Quetiapine System Suitability RS in Solution
A
Standard solution: 1 µg/mL of USP Quetiapine Fumarate RS in Solution A
Sample solution: 1.0 mg/mL of Quetiapine Fumarate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
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Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the quetiapine impurity I and quetiapine peaks, System
suitability solution
Tailing factor: NMT 2.0 for the quetiapine peak, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Quetiapine Fumarate
taken:
Result = (rU/rS) × (CS/CU) × (1/F) 100
rU= peak response for each impurity from the Sample solution
rS= peak response for quetiapine from the Standard solution
C=
S concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
C=
U concentration of Quetiapine Fumarate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
[NOTE—Disregard if the limit is less than 0.05%.]
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
0.5–0.8
0.6
0.9
1.0

Relative
Response
Factor
1.7
1.7
1.0
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.15
—

Name
Quetiapine impurity Ba
Quetiapine impurity Gb
Quetiapine impurity Ic
Quetiapine
Any other unknown
individual impurity
—
—
0.10
Total impurities
—
—
0.3
a 11-(Piperazin-1-yl)dibenzo[b,f][1,4]thiazepine.
b Dibenzo[b,f][1,4]thiazepin-11(10H)-one.
c 2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.
SPECIFIC TESTS

• Loss on Drying 731 : Dry a sample to constant weight at 105 : it loses NMT 0.5% of its
weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
room temperature.
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• USP Reference Standards 11
USP Quetiapine Fumarate RS
USP Quetiapine System Suitability RS
It contains more than 98% of quetiapine fumarate and each of the following
impurities:quetiapine impurity B: 11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine;
quetiapine impurity G: dibenzo[b,f][1,4]thiazepin-11(10H)-one; and quetiapine impurity
I: 2-[4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.
1S (USP35)

BRIEFING
Quinine Sulfate, USP 34 page 4106. On the basis of comments received, it is proposed to add
the Flow rate in the test for Dihydroquinine Sulfate. The typical retention time of quinine in
the test for Dihydroquinine Sulfate is about 18 min.
(SM1: L. Santos.)
Correspondence Number—C98113

Comment deadline: July 31, 2011
Quinine Sulfate

(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O

782.94

Cinchonan-9-ol, 6'-methoxy-, (8 ,9R)-, sulfate (2:1) (salt), dihydrate;
Quinine sulfate (2:1) (salt) dihydrate
[6119-70-6].
Anhydrous
746.93
[804-63-7].
DEFINITION
Quinine Sulfate is the sulfate of an alkaloid obtained from the bark of species of Cinchona. It
contains NLT 99.0% and NMT 101.0% of total alkaloid salt, calculated as
(C20 H24 N2 O2 )2 ·H2 SO4 , on the anhydrous basis.
IDENTIFICATION
• A. A 0.5-mg/mL solution in dilute sulfuric acid (1 in 350) exhibits a vivid blue fluorescence.
On the addition of a few drops of hydrochloric acid, the fluorescence disappears.
• B. The RF value of the principal spot of the Sample solution corresponds to that of the
Standard stock solution, as obtained in the test for Organic Impurities.
• C. Identification Tests—General, Sulfate 191
Sample solution: 20-mg/mL solution made with the aid of a few drops of hydrochloric acid
Acceptance criteria: Meets the requirements
ASSAY
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• Procedure
Sample: 200 mg of Quinine Sulfate
Analysis: Dissolve the Sample in 20 mL of acetic anhydride, and add 4 drops of pnaphtholbenzein TS. Titrate with 0.1 N perchloric acid VS from a 10-mL microburet to a
green endpoint. Perform a blank determination, and make any necessary correction. Each
mL of 0.1 N perchloric acid is equivalent to 24.90 mg of total alkaloid salt, calculated as
quinine sulfate [(C20 H24 N2 O2 )2 ·H2 SO4 ].
Acceptance criteria: 99.0%–101.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Chloroform–Alcohol-Insoluble Substances
Sample: 2 g
Analysis: Warm the Sample with 15 mL of a mixture of chloroform and dehydrated alcohol
(2:1) at 50 for 10 min. Pass through a tared, sintered-glass filter, using gentle suction.
Wash the filter with five 10-mL portions of the chloroform-alcohol mixture, dry at 105 for
1 h, and weigh.
Acceptance criteria: The weight of the residue is NMT 2 mg (0.1%).
• Organic Impurities
Standard stock solution: 6 mg/mL of USP Quinine Sulfate RS, in diluted alcohol
Standard solution A: 0.06 mg/mL of USP Quinine Sulfate RS from the Standard stock
solution, in diluted alcohol
Standard solution B: 0.05 mg/mL of USP Quininone RS (corresponding to 0.06 mg/mL of
the sulfate), and 0.10 mg/mL of cinchonidine (corresponding to 0.12 mg/mL of the
sulfate), in diluted alcohol
Sample solution: 6 mg/mL of Quinine Sulfate, in diluted alcohol
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, acetone, and diethylamine (5:4:1). [Note—The
solvent chamber being used without previous equilibration. ]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. Allow the
spots to dry, and develop the chromatogram in a solvent system until the solvent front
has moved 15 cm. Remove the plate from the developing chamber, mark the solvent front,
and allow the solvent to evaporate. Locate the spots on the plate by spraying with glacial
acetic acid, and examine under long-wavelength UV light.
Acceptance criteria: Any spot produced by the Sample solution at the RF value of a spot
produced by Standard solution B is not greater in size or intensity than that corresponding
spot. Apart from these spots and from the spot appearing at the RF value of quinine, any
additional fluorescent spot is not greater in size or intensity than the spot of Standard
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solution A. Spray the plate with potassium iodoplatinate TS. Any spot produced by the
Sample solution is not greater in size or intensity than a corresponding spot from Standard
solution B.
Change to read:
• Dihydroquinine Sulfate
Solution A: Add 35.0 mL of methanesulfonic acid to 20.0 mL of glacial acetic acid, and
dilute with water to 500 mL.
Solution B: Dissolve 10.0 mL of diethylamine in water to obtain 100 mL of solution.
Mobile phase: Acetonitrile, Solution A, Solution B, and water (100:20:20:860). Adjust with
Solution B to a pH of 2.6 if found to be lower.
System suitability solution: 0.2 mg/mL of quinine sulfate and 0.2 mg/mL dihydroquinine
prepared as follows: dissolve in methanol using 5% of the final volume, and dilute with
Mobile phase to volume.
Sample solution: 0.2 mg/mL of Quinine Sulfate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 235 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min 1S (USP35)
Injection size: 50 µL
System suitability
Sample: System suitability solution
[NOTE—The relative retention times for quinine and dihydroquinine are 1 and 1.5,
respectively.]
Suitability requirements
Resolution: NLT 1.2 between quinine and dihydroquinine
Relative standard deviation: NMT 2.0% for the quinine peak
Analysis
Sample: Sample solution
Calculate the percentage of dihydroquinine in the portion of Quinine Sulfate taken:
Result = (rU/rS) × 100
r=
U peak response of dihydroquinine from the Sample solution
r=
S peak response of quinine from the Sample solution
Acceptance criteria: NMT 10.0% of dihydroquinine
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL, in 0.1 N hydrochloric acid
Acceptance criteria:

235 to

245

• Water Determination, Method I 921 : 4.0%–5.5%
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 11
USP Quinine Sulfate RS
USP Quininone RS
Cinchonan-9-one, 6'-methoxy-, (8 )-.
C20 H22 N2 O2
322.40
BRIEFING
Sildenafil Citrate. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedure in the Assay and in the test for Organic Impurities is based on analyses
performed with the Symmetry C18 brand of L1 column. The typical retention time for the
sildenafil peak is about 7 min under these conditions.Sildenafil Citrate is part of a USP/Ph.
Eur. pilot project for prospective harmonization of monographs for drug substances. The
draft monograph has been jointly prepared by the U.S. and European pharmacopeias and is
now being presented for public comment in the Forums of the two pharmacopeias.
(SM4: S. Ramakrishna, M. Waddell.)
Correspondence Number—C70261

Comment deadline: July 31, 2011
Add the following:
Sildenafil Citrate

C22 H30 N6 O4 S·C6 H8 O7

666.70

Piperazine, 1-[[3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-4ethoxyphenyl]sulfonyl]-4-methyl-, 2-hydroxy-1,2,3-propanetricarboxylate (1:1);
1-[[3-(6,7-Dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-4ethoxyphenyl]sulfonyl]-4-methylpiperazine citrate (1:1)
[171599-83-0].
Sildenafil
C22 H30 N6 O4 S
474.58
[139755-83-2].
DEFINITION
Sildenafil Citrate contains NLT 98.0% and NMT 102.0% of sildenafil citrate
(C22 H30 N6 O4 S·C6 H8 O7 ), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
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Buffer: Dilute 7 mL of triethylamine with water to 1 L. Stir, and adjust with phosphoric acid
to a pH of 3.0 ± 0.1.
Mobile phase: Buffer, methanol, and acetonitrile (58:25:17)
Standard solution: 0.028 mg/mL of USP Sildenafil Citrate RS in Mobile phase
Sample solution: 0.028 mg/mL of Sildenafil Citrate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 3.9-mm × 15-cm; 5 µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.85% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sildenafil citrate (C22 H30 N6 O4 S·C6 H8 O7 ) in the portion of the
sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sildenafil from the Sample solution
rS= peak response of sildenafil from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Heavy Metals, Method II 231 : NMT 20 ppm
• Limit of Imidazole
Diluent: Methanol, water, and ammonium hydroxide (15:5:1)
Standard solution 1: 0.035 mg/mL of USP Imidazole RS in Diluent
Standard solution 2: 0.0175 mg/mL of USP Imidazole RS in Diluent from Standard solution
1
Sample solution: 17.5 mg/mL of Sildenafil Citrate in Diluent
System suitability solution: Mix equal volumes of Sample solution and Standard solution
1.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.2-mm layer of chromatographic silica gel mixture (2–10 µm)
Application volume: 10 µL. [Note—Apply as 6-mm bands. ]
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Developing solvent system: Methylene chloride, ethyl acetate, alcohol, and ammonium
hydroxide (50:30:20:1)
System suitability
Sample: System suitability solution
Suitability requirements: The chromatogram shows two clearly separated zones.
Analysis:
Samples: Standard solution 2 and Sample solution
Develop the plate over a distance of about 6 cm. Dry at 100 for about 15 min, and cool.
Expose the plate to iodine vapor until the plate is light brown, and examine the plate
under UV light at 254 nm. [Note—The retardation factors for citrate, sildenafil, and
imidazole are about 0, 0.4, and 0.25, respectively. ]
Acceptance criteria: Any spot corresponding to imidazole in the Sample solution is not
more intense than the principal spot from Standard solution 2 (0.1%).
• Organic Impurities
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay,
except to run the chromatograph for 3 times the retention time of sildenafil.
Identification solution: 7.5 µg/mL USP Sildenafil Related Compound A RS in Mobile phase
System suitability solution: A solution of sildenfil N-oxide in Mobile phase, prepared as
follows. Dissolve 70 mg of Sildenafil Citrate in 1 mL of a solution of hydrogen peroxide and
formic acid (2:1), allow to stand for about 30 min, and then dilute with Mobile phase to
250 mL.
Sample solution: 0.7 mg/mL of Sildenafil Citrate in Mobile phase
Diluted sample solution: 1.4 µg/mL of sildenafil citrate in Mobile phase from the Sample
solution
Sensitivity solution: 0.35 µg/mL of sildenafil citrate in Mobile phase from the Diluted
sample solution
System suitability
Samples: Diluted sample solution, Sensitivity solution, and System suitability solution
[Note—The relative retention times for sildenafil, sildenafil N-oxide, and sildenafil related
compound A are about 1.0, 1.2, and 1.7, respectively. ]
Suitability requirements
Resolution: NLT 2.5 between sildenafil N-oxide and sildenafil, System suitability solution
Tailing factor: NMT 1.5 for the sildenafil peak, Diluted sample solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Identification solution, Diluted sample solution, and Sample solution
[NOTE—Identify sildenafil related compound A from the Identification solution. ]
Calculate the percentage of sildenafil related compound A and any other unspecified
individual impurity in the portion of Sildenafil Citrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sildenafil related compound A or any other unspecifed impurity from
the Sample solution
rS= peak response of sildenafil from the Diluted sample solution
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C=
S concentration of the Diluted sample solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria
Sildenafil related compound A: NMT 0.3%
Any other unspecified individual impurity: NMT 0.10%
Total unspecified impurities: NMT 0.3%
Total impurities: NMT 0.5%. [Note—Disregard any peak less than 0.05%. ]
SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 2.5%
• Residue on Ignition 281 : NMT 0.1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in air-tight containers, and store at room temperature.
• USP Reference Standards 11
USP Imidazole RS
C3 H4 N2
68.08
USP Sildenafil Citrate RS
USP Sildenafil Related Compound A RS
5-[2-Ethoxy-5-[(4-methylpiperazin-1-yl)sulfonyl]phenyl]-1-methyl-3-(2-methylpropyl)6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-7-one.
C23 H32 N6 O 4 S
488.60
1S (USP35)

BRIEFING
Sincalide for Injection, USP 34 page 4230. It is proposed to omit this monograph from USP for
the following reasons:
(1) USP's attempts to develop the USP Sincalide RS have been unsuccessful, because sincalide
is a very expensive synthetic peptide with a very limited market.
(2) The monograph became official in May 1999, but it remained unenforceable because the
procedures requiring the use of USP Sincalide RS were postponed pending its availability.
(3) In addition, the Assay procedure in the monograph employs a complex functional bioassay
which is not suitable for use as a public standard. USP's attempts to replace the functional
bioassay with a quantitative chemical assay have not been successful.
(SM4: R. Ravichandran.)
Correspondence Number—C100474

Comment deadline: July 31, 2011
Delete the following:
Sincalide for Injection
DEFINITION
Sincalide for Injection is a sterile, synthetically prepared C-terminal octapeptide of
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cholecystokinin and sodium chloride. It contains NLT 85.0% and NMT 125.0% of the labeled
amount of sincalide (C49 H62 N10 O16 S3 ).
ASSAY
• Procedure
Test animals: Select male guinea pigs, each weighing at least 500 g, but restrict selection
so that no guinea pig is more than 30% heavier than the lightest. Withdraw food, but not
water, from each animal.
Sodium chloride solution: Sodium Chloride Injection containing 0.9% of NaCl
Standard Stock solutionA: 10 µg/mL of USP Sincalide RS in Sodium chloride solution
Standard solutions: 0.0624 µg of sincalide/kg of the animal's body weight in each 0.1 mL
from Standard Stock solution. Prepare a series of 1-in-2 dilutions of this solution with
Sodium chloride solution to contain 0.0312, 0.0156, and 0.0078 µg of sincalide/kg of body
weight. [Note—Other dose levels may be used if so indicated by the responses obtained in
the Procedure. ]
Sample Stock solution: Constitute 1 vial of Sincalide for Injection in a sufficient volume of
Water for Injection to obtain a solution having a concentration of about 1 µg of
sincalide/mL.
Sample solutions: 0.0624 µg of sincalide/kg of the animal's body weight in each 0.1 mL
from Sample Stock solution. Prepare a series of 1-in-2 dilutions of this solution with
Sodium chloride solution to contain 0.0312, 0.0156, and 0.0078 µg of sincalide/kg of body
weight.
[NOTE—Other dose levels may be used if so indicated by the responses obtained in the
Procedure.]
Analysis: Anesthetize each guinea pig by injecting it, subcutaneously, with 2.25 g of
urethane/kg of body weight, administered as a 25% solution. Perform a tracheotomy, then
expose a jugular vein, and cannulate with a polyethylene catheter. Tie a thin silk line to
the free pole or fundus of the gallbladder, or attach a thin hook with connecting silk line
to the wall of the fundus. Gallbladder contractile responses, transmitted through the silk
line, cause a change in the line tension. Connect the free end of the silk line to a force
transducer, and impose on the system an initial tension of about 2 g. Connect the force
transducer to a polygraph, which records the contractile responses. Determine the
sensitivity or the responsiveness of the guinea pig's gallbladder by making a few trial
injections through the jugular vein catheter, then select two nonconsecutive dose levels
(e.g., 0.0624 and 0.0156) for the Assay. Use the same dose levels for the Sample
solutions as for the Standard solutions. Administer the selected dose levels of the
Standard solutions and the Assay preparations as 0.1-mL dose volumes in random order,
taking 2–3 s to inject each dose volume and flushing each through the catheter with
about 0.5 mL of Sodium chloride solution. Make injections at about 10-min intervals or
when the gallbladder has returned to approximately the initial 2 g of tension.
[NOTE—Three injections of each dose level may be made. As many as three different
samples can be tested on the same animal before retiring the animal.]
Calculation: Calculate the potency of each vial (see Design and Analysis of Biological
Assays 111 ), using a log transformation, straight-line method with a least-squares
fitting procedure, and a test for linearity.
Acceptance criteria: 85.0%–125.0%
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SPECIFIC TESTS
• pH 791
Sample solution: Contents of 1 vial in 5 mL water
Acceptance criteria: 5.0–7.5
• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.
• Bacterial Endotoxins Test

1 ,

85 : NMT 83.3 USP Endotoxin Units/µg of sincalide

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.
• Labeling: Label it to state that it is to be used within 24 h after constitution.
• USP Reference Standards
USP Endotoxin RS
USP Sincalide RS

11

1S (USP35)

BRIEFING
Terbinafine Tablets, USP 34 page 4364. On the basis of comments received, it is proposed to
revise and correct the concentration terms in the Analysis under the Assay from µg/mL to
mg/mL and to remove the instructions on how to prepare the Medium in the Dissolution test.
(SM1: L. Santos, M. Marques.)
Correspondence Number—C92887; C78871

Comment deadline: July 31, 2011
Add the following:
Terbinafine Tablets
DEFINITION
Terbinafine Tablets contain Terbinafine Hydrochloride equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of terbinafine (C21 H25 N).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer solution: 0.85 g/L of monobasic potassium phosphate in water. Add 1 g of sodium
1-decanesulfonate, and adjust with dilute phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer solution (2:3)
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Standard solution: 0.2 mg/mL of USP Terbinafine Hydrochloride RS in Mobile phase
(equivalent to 0.19 mg/mL of terbinafine)
Sample stock solution: 0.5 mg/mL of terbinafine in Mobile phase, from crushed, finely
powdered Tablets. [Note—Sonicate for 20 min with intermittent shaking. ]
Sample solution: 0.2 mg/mL of terbinafine in Mobile phase, from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Flow rate: 1.8 mL/min
Injection size: 5 µL
Run time: 1.5 times the retention time of the terbinafine peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of terbinafine (C21 H25 N) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Terbinafine Hydrochloride RS in the Standard solution (µg/mL)
(mg/mL) 1S (USP35)
CU= nominal concentration of terbinafine in the Sample solution (µg/mL)
(mg/mL) 1S (USP35)
Mr1
= molecular weight of terbinafine, 291.44
Mr2
= molecular weight of terbinafine hydrochloride, 327.90
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: pH 3.0 citrate buffer; (dissolve 21.0 g of citric acid in 200 mL of 1 N sodium
hydroxide, and dilute with water to 1000 mL. Dilute 40.3 mL of this solution with 0.1 M
hydrochloric acid to 100 mL)
1S (USP35)

500 mL
Apparatus 2: 50 rpm
Time: 30 min
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Standard solution: 32 µg/mL of USP Terbinafine Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium, if necessary.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 283 nm
Cell length: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of terbinafine (C21 H25 N) dissolved:
Result = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × D × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of terbinafine hydrochloride in the Standard solution (mg/mL)
L = label claim of terbinafine (mg/Tablet)
Mr1
= molecular weight of terbinafine, 291.44
Mr2
= molecular weight of terbinafine hydrochloride, 327.90
V = volume of Medium, 500 mL
D = dilution factor
Tolerances: NLT 80% (Q) of the labeled amount of terbinafine (C21 H25 N) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer solution, Mobile phase, and Sample solution: Proceed as directed in the Assay.
Standard solution: 0.7 µg/mL of USP Terbinafine Hydrochloride RS in Mobile phase
(equivalent to 0.6 µg/mL of terbinafine)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Flow rate: 1.8 mL/min
Injection size: 50 µL
Run time: 4 times the retention time of the terbinafine peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of any other unspecified degradation product in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of terbinafine from the Standard solution
CS= concentration of USP Terbinafine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of terbinafine in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Mr1
= molecular weight of terbinafine, 291.44
Mr2
= molecular weight of terbinafine hydrochloride, 327.90
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name
N-Methyl-1-(naphthalen-1-yl)
methanamine
Terbinafine
Any single unspecified degradation
product
Total impurities
• Limit of Terbinafine Dimer
Diluent: Acetonitrile and water (4:1)
Solution A: 1 mL/L of triethyl amine in water
Solution B: 1 mL of triethyl amine in a mixture of
Mobile phase: See Table 2.

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.14
1.0

1.5
—

0.2
—

—
—

1.0
—

0.1
0.7

acetonitrile and water (19:1)

Table 2
Time
Solution A
Solution B
(min)
(%)
(%)
0
40
60
8
30
70
18
30
70
24
16
84
26
5
95
30
0
100
37
40
60
45
40
60
Standard solution: 1.4 µg/mL of USP Terbinafine Hydrochloride RS in Diluent (equivalent to
1.2 µg/mL of terbinafine)
Sample solution: 2.5 mg/mL of terbinafine in Diluent, from crushed, finely powdered
Tablets. [Note—Sonicate for 20 min with intermittent shaking. ]
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 52
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the terbinafine dimer in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU= peak response of the terbinafine dimer in the Sample solution
rS= peak response of terbinafine from the Standard solution
CS= concentration of USP Terbinafine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of terbinafine in the Sample solution (mg/mL)
F = relative response factor for the terbinafine dimer
Mr1
= molecular weight of terbinafine, 291.44
Mr2
= molecular weight of terbinafine hydrochloride, 327.90
Acceptance criteria: See Table 3.
Table 3

Name
Terbinafine
Terbinafine dimera

Relative
Retention
Time
1.0
2.0

Relative
Response
Factor
—
2.1

Acceptance
Criteria,
NMT (%)
—
0.05

a (2E,4E)-4-(4,4-Dimethylpent-2-ynylidene)-N1,N5-dimethyl-N1,N5-bis(naphthalen-1ylmethyl)pent-2-ene-1,5-diamine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
room temperature.
• USP Reference Standards 11
USP Terbinafine Hydrochloride RS
USP34

BRIEFING
Valsartan Tablets. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is being proposed. The proposed liquid
chromatographic procedures in the Assay and the test for Organic Impurities are validated
using the Nucleosil 10-µm column containing packing L1. The typical retention time for
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valsartan is about 8 min.
(SM2: S. Ramakrishna, M. Marques.)
Correspondence Number—C89600

Comment deadline: July 31, 2011
Add the following:
Valsartan Tablets
DEFINITION
Valsartan Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of valsartan
(C24 H29 N5 O3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and glacial acetic acid (50:50:0.1)
Diluent: Acetonitrile and water (1:1)
System suitability solution: 2 µg/mL of USP Valsartan Related Compound B RS and 20
µg/mL of USP Valsartan RS in Diluent
Standard solution: 0.20 mg/mL of USP Valsartan RS in Diluent
Sample stock solution: Place NLT 20 Tablets in a suitable volumetric flask, and initially
add water (10% of the volume of the flask). Stir or shake until the Tablets disintegrate
(about 5 min). Add acetonitrile (about 80% of the volume of the flask). Stir or shake for
30 min, and sonicate for 10 min. Cool, and dilute with acetonitrile to volume, mix, and
centrifuge a portion of the suspension.
Sample solution: 0.2 mg/mL of Valsartan from the Sample stock solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between valsartan related compound B and valsartan, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: pH 6.8 phosphate buffer; 1000 mL, degassed
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: (L/1000) mg/mL of USP Valsartan RS in Medium, where L is the label
claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Analysis
Analytical wavelength: UV 250 nm
Blank: Medium
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) dissolved:
Result = (AU/AS) × (CS/L) × V × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of valsartan (C24 H29 N5 O3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.4 µg/mL of USP Valsartan RS in Diluent
Sensitivity solution: 0.1 µg/mL of USP Valsartan RS in Diluent, from the Standard solution
System suitability
Sample: Standard solution, Sensitivity solution, and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between valsartan related compound B and valsartan, System
suitability solution
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Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of valsartan from the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (µg/mL)
C=
U nominal concentration of Valsartan in the Sample solution (µg/mL)
Acceptance criteria
Each individual impurity: NMT 0.2%
Total impurities: NMT 0.4%. [Note—Calculate the total impurities from the sum of all
individual impurity peaks. Disregard any peak due to valsartan related compound B and
any peaks

0.05%. ]

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Valsartan RS
USP Valsartan Related Compound B RS
(S)-N-Butyryl-N-{[2'-(1-H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine.
C23 H27 N5 O3
421.49
1S (USP35)
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
USP Responses to Comments on Stimuli Article: Co-processed Excipients
Lawrence H. Block,a Richard C. Moreton,a Shireesh P. Apte,a Catherine Sheehan,b Hong Wangc
ABSTRACT In Pharmacopeial Forum (PF) 35(4) (July–August 2009), the Excipient Monographs
2 (EM2) Expert Committee of the 2005–2010 USP revision cycle and USP staff presented a
Stimuli article (1) describing a class of excipients—collectively labeled co-processed excipients
—that have been and continue to be introduced into the National Formulary (NF). The authors
proposed several criteria as a basis for a policy that would establish the criteria for acceptance
of such requests for revisions of NF. Following the publication of the article, four comments
were received. This Stimuli article, which contrasts the original article with the revisions,
responds to the public comments and revises some aspects of the criteria, which now can be
incorporated in USP's Guideline for Submitting Requests for Revision to USP–NF (Revision
Guideline) advancing it from the current Version 3.1 (April 2007) to Version 4.0 (available on the
USP Web Site at http://www.usp.org/USPNF/submitMonograph/subGuide.html).
INTRODUCTION
The Excipient Monographs 2 (EM2) Expert Committee of the 2005–2010 USP revision cycle and
USP staff published a Stimuli article titled “Co-processed excipients” (1). The Excipient
Monographs Expert Committee of the 2010–2015 revision cycle and USP staff (authors) have
considered comments on the article from four commenters, one of which fully supported the
article. This response will address the concerns and issues expressed by the other three
commenters.
The original Stimuli article proposed criteria to allow sponsors of requests for revision of
National Formulary (NF) to understand when USP would consider advancing a new monograph
for a co-processed excipient into NF. These criteria were developed in order to differentiate
multicomponent co-processed excipients from the more commonly encountered excipients that
have been the norm in NF. Inclusion of co-processed excipients in NF was deemed appropriate
because these excipients possess certain physical characteristics that are different or altered
from their corresponding simple physical admixtures.
Regardless of the nomenclature (e.g., co-processed excipients, combination excipients,
multiprocessed excipients), the original Stimuli article described co-processed excipients as
having a common characteristic: Each is a physical combination of individual excipients that,
nevertheless, differ in one or more physical attributes from their corresponding physical
admixtures. This difference in attributes generally is a consequence of the process used to
combine the individual excipients—hence the term co-processed excipients.
The Stimuli article was intended to clarify for stakeholders the current thinking of the
committee with regard to differentiating this class of materials from physical admixtures and
thereby help stakeholders to determine whether or not any of their products may qualify for
separate NF monograph(s). Based on comments received, the authors have concluded that the
criteria outlined in the Stimuli article for co-processed excipients should be modified.
As an additional point, the authors noted that commenters to the Stimuli article may have
interpreted the article's premise as postulating or developing a regulatory and/or legal definition
for co-processed excipients. This was neither the intention of the authors of the Stimuli article
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nor was it within their scope to do so.
REVISIONS TO THE CRITERIA
Based on the comments received, the authors have made the following revisions to the criteria:
Combination excipients in which covalent bond formation takes place, e.g., in-situ
polymerization, will not be covered. In-situ polymerized liquid excipients are not considered coprocessed excipients, which places them outside the scope of an NF monograph for a coprocessed excipient. Liquid products may be addressed in the future after further deliberation.
Sponsors who wish to submit monograph applications for such materials are advised to contact
USP in advance to discuss their application. Because of the complexity of the processes
involved in the manufacture of multiple-component excipients, their proprietary nature, and lack
of comprehensive understanding, the Excipients Expert Committee proposes to limit the current
guideline to solid co-processed materials.
At present the Excipients Expert Committee notes the following clarifications to the previously
proposed recommendations:
1. For monograph submission, a co-processed excipient is a combination of existing
pharmacopeial excipients. The co-processed excipient must be distinguishable—in at
least one non–performance-related property—from the admixture obtained by physically
mixing the corresponding constituent excipients in the same proportions. A coprocessed excipient typically is produced by some specialized manufacturing process
such as high-shear dispersion, granulation, spray drying, or melt extrusion. When the
excipient is submitted as a potential NF monograph, information relating to its quality
must meet current NF submission requirements: The claimed co-processed excipient is
either included in an FDA-approved drug application, has a GRAS designation, or is under
special consideration by the Council of Experts.
2. A physical admixture of the various excipient components will not quantitatively exhibit
one or more characteristics of the co-processed excipient. The unique characteristic(s)
that distinguish the co-processed material from a physical admixture must be
measurable without resorting to intentional separation of the individual components of
the co-processed mixture. The individual excipient components in a physical admixture
are not modified in order to change their inherent thermodynamic or physical states
before being mixed. In a co-processed excipient, however, the inherent thermodynamic
or physical state of the individual excipient components may be changed before or
during mixing and/or processing.
3. The unique characteristic(s) that distinguish the co-processed material from a physical
admixture must be inherent, demonstrably measurable, and quantitatively different in
the co-processed excipient itself before its incorporation into the finished drug product.
Thus, if the sponsor is unable to develop an acceptable analytical test that is able to
distinguish between the co-processed excipient and the corresponding physical
admixture, then the proposed excipient may not be considered for a USP–NF monograph
—even if it is considered to be co-processed by the sponsor by virtue of its altering the
performance of the finished pharmaceutical product differently from its corresponding
physical admixture.
4. For quantification of the individual components of the co-processed mixture (but not for
the purpose of differentiating the co-processed mixture from the physical admixture),
the components may be separated before quantification.
5. No covalently bonded chemical entity is formed when the individual ingredients are
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combined to form the co-processed excipient. The absence of the formation of covalent
bonds between individual ingredients in the co-processed excipient must be analytically
demonstrated over the proposed shelf life or retest period of the co-processed
excipient.
6. The individual ingredients used in a co-processed excipient must have USP–NF
monographs, or at least monograph proposals must be published in PF as part of inprocess revision. This does not necessarily imply that those individual ingredients must
demonstrably meet monograph specifications in USP–NF before being incorporated or
processed into the co-processed excipient. Indeed, this may not be possible because
one or more individual component(s) of the co-processed excipient may not be isolated
before co-processing. However, the proposed co-processed excipient cannot be
considered for inclusion as a monograph in NF if its production or manufacture involves
incorporation of a noncompendial ingredient. In such cases, the co-processed excipient
is excluded from NF regardless of whether or not the noncompendial ingredient is
isolated before co-processing. Thus, if a sponsor wishes to propose a monograph for a
co-processed excipient that contains a noncompendial excipient, the sponsor would first
be required to secure an approved NF monograph for the noncompendial excipient.
COMMENTS
Comment summary #1: The commenter had no concerns regarding the proposed text for the
Silicified Microcrystalline Cellulose (SMCC) monograph, including mention of Prosolv, and was
pleased to be included in the process of developing monographs for co-processed excipients.
The commenter is a strong believer in case studies and has used them extensively in
demonstrating the uses and benefits of SMCC since its market introduction.
Comment summary #2: The commenter liked the idea of identifying co-processed excipients,
supported this approach, and declared that most of the criteria are understandable and
reasonable. However, the commenter did not agree that in-situ polymerization is co-processing
and strongly recommended in-situ polymerization be omitted as a co-processing criterion.
Response: Comments incorporated.
Comment summary #3: The commenter appreciated the development of a guideline that
facilitates the incorporation of co-processed excipients in NF. The commenter agreed that
because of the complexity and diversity of co-processed excipients a number of different
criteria must be applied. However, the commenter did not agree that the formation of a
covalently bonded chemical entity (such as in-situ polymerization or covalent cross linking)
should be considered to be a co-processing step.
Response: Comments incorporated.
Comment summary #4: The commenter commented that if the intention is to include
excipients that involve production by covalent reactions, such as in-situ polymerization or
cross-linking, then the description of the category of excipients for inclusion should be changed
to combination or compound excipients, of which co-processed excipients would be a subset
not involving chemical reactions other than incidental in-situ salt formation.
Response: Comments incorporated. In-situ polymerization and cross-linking have been
excluded from the USP–NF Revision Guideline.
Comment summary #5: The commenter recommended Criteria 1–3 should be simplified: “If
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necessary to distinguish the co-processed article from a simple blend, a suitable QC test should
be included.”
Response: Comments not incorporated. The Expert Committee instituted a guideline that
requires that a co-processed excipient candidate must demonstrate performance-unrelated
analytical difference(s) from the physical admixture before its incorporation into the dosage
form. This prevents inappropriate use of subjective statistical data to classify—what could be a
large number of mixtures—as co-processed excipients. If there is indeed a performance
improvement that the co-processed excipient provides to the dosage form, then it should result
from some measurable property of the stand-alone co-processed excipient.
Comment summary #6: The commenter recommended that Criterion 4 should be modified:
“The components of the co-processed or combination excipient should be capable of at least
qualitative analysis. Quantitative methods should be available for specific component(s) of coprocessed or combination excipients available in multiple grades where the level of the specific
component(s) constitutes the grade differentiator.”
Response: Comments incorporated. Previous Criterion 4 was deleted from the current proposed
guidelines.
Comment summary #7: The commenter recommended Criterion 5 should be modified to
distinguish between physically co-processed and chemically reacted combination excipients.
Response: Comment incorporated.
Comment summary #8: Regarding Criterion 6 in the Stimuli article, the commenter suggested
that it would be desirable to include non-USP–NF ingredients that are otherwise
pharmaceutically acceptable, such as items from the FDA Inactive Ingredients Guide or Food
Chemicals Codex or that have GRAS designation.
Response: Comment not incorporated. This restriction is a legal consequence of the status of
USP–NF under the US Federal Food Drug and Cosmetic Act.
CONCLUSIONS
Based on the comments received, USP will finalize the criteria and incorporate them into the
Revision Guideline (currently available) advancing it from Version 3.1 to Version 4.0. Further
comments are welcome and may result in further revisions to the Revision Guideline.
References
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1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

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

In-Process
Revision

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

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
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(http://www.usp.org/USPNF/devProcess/contactScientists.html)
Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
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In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 2S (USP 34) indicates that the proposed revision is slated for the Second
Supplement to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP
35 and NF 30, respectively.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
5 Inhalation and Nasal Drug Products—General Information and Product Quality
Tests. This new USP general information chapter addresses the quality control tests that
assess the integrity of these dosage forms. It is a companion general chapter to the chapter
Product Performance Tests—Nasal and Inhalation Aerosols, Sprays, and Powders

601 .

Revised chapter 601 also appears in this issue of Pharmacopeial Forum. Comments on these
two chapters should be sent to Kahkashan Zaidi at kxz@usp.org. USP is planning a workshop on
these general chapters and the comments and suggestions received.
(GCDF: K. Zaidi.)
Correspondence Number— C94298

Comment deadline: September 30, 2011
Add the following:
5

INHALATION AND NASAL DRUG PRODUCTS—GENERAL INFORMATION AND PRODUCT
QUALITY TESTS
I. INTRODUCTION

Inhalation drug products deliver a drug substance into the lungs and include inhalation aerosols,
inhalation powders, and inhalation sprays, as well as inhalation solutions and suspension-related
dosage forms. Nasal drug products deliver drugs into the nasal cavity and include nasal
aerosols, nasal sprays, non-metered nasal solutions, and nasal powder dosage forms.
Definitions of these drug product dosage forms, brief information about their manufacture, and
a glossary of dosage form names can be found in the general chapter Pharmaceutical Dosage
Forms

1151 .
Drug Product Quality and Performance Tests

A USP drug product monograph contains tests, analytical procedures, and acceptance criteria.
Drug products tests are divided into two categories: (1) those that assess general quality
attributes and (2) those that assess product performance, i.e., in vitro release of the drug
substance from the drug product.
Quality tests assess the integrity of the dosage form, whereas performance tests assess drug
release and other attributes that relate to in vivo drug performance. Taken together, quality
and performance tests assure the identity, strength, quality, and purity of inhalation and nasal
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drug products.
The next two sections of this chapter list product quality attributes for inhalation drug products
and for nasal drug products, respectively. The final section describes in greater detail the
quality tests for inhalation and nasal drug products. The general chapter Aerosols, Nasal
Sprays, Metered-dose Inhalers, and Dry Powder Inhalers
tests for inhalation and nasal drug products.

601

contains product performance

II. PRODUCT QUALITY TESTS FOR INHALATION DRUG PRODUCTS
Inhalation Aerosol
Description
“Aerosol” in this context is a dosage form consisting of a liquid or solid preparation
packaged under pressure and intended for administration as a fine mist. The descriptive
term aerosol also refers to the fine mist of small droplets or solid particles that are
emitted from the product. Inhalation aerosols are characterized by dispersion of the
active pharmaceutical ingredient into the airways during inspiration for either local or
systemic effect. Nasal aerosols are characterized by deposition in the nasal cavity for
either local or systemic effect.
An aerosol formulation typically contains drug substance(s) dissolved or suspended in a
propellant(s) or a mixture of propellant(s) and co-solvent(s) and possibly other suitable
excipients. An inhalation aerosol drug product, commonly known as a metered-dose
inhaler, delivers a specified amount and quality of therapeutically active ingredient(s)
upon activation of an accurately metered valve system. Product quality tests for
inhalation drug products should reflect critical quality attributes and should include the
following (see Section IV below for more detailed discussions of each test):
Identification
Assay
Impurities and Degradation Products
Water Content
Foreign Particulate Matter
Leachables
Spray Pattern
Microbial Limit
Alcohol Content (if present)
Net Fill Weight
Leak Rate (stability)
Inhalation Solution
Description
Inhalation solution drug products are typically water based and are sterile preparations.
They are intended for delivery to the lungs by nebulization with a specified external
nebulizer. Such drug preparations are typically packaged in single-dose semipermeable
containers and also include protective packaging to minimize ingress of volatile foreign
contaminants, loss of solvent, and exposure to oxygen and light. Nebulization involves
continuous generation and delivery to the patient of a fine mist of aqueous droplets
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containing a drug solution by means of ultrasonic energy, Venturi effect, or other
appropriate mechanical/electrical means. Additional product quality tests for inhalation
solutions include the following (see Section IV below for more detailed discussions of
each test):
Identification
Assay
Impurities and Degradation Products
Assay for Preservative and Stabilizing Excipients (if present)
Sterility
Foreign Particulate Matter
pH
Osmolality
Leachables
Net Fill Weight and Weight Loss
Inhalation Suspension
Description
Inhalation suspension drug products are typically water based and are sterile
preparations. They are intended for delivery to the lungs by nebulization with a
specified external nebulizer. Such drug preparations are typically packaged in singledose semipermeable containers and also include protective packaging to minimize
ingress of volatile foreign contaminants, loss of solvent, and exposure to oxygen and
light. Nebulization involves continuous generation and delivery to the patient of a fine
mist of aqueous droplets containing the formulation components by means of ultrasonic
energy, Venturi effect, or other appropriate mechanical means. Additional product
quality tests for inhalation suspensions include the following (see Section IV below for
more detailed discussions of each test):
Particle Size Distribution
For all other quality attributes, refer to Inhalation Solution attributes above.
Solution for Inhalation
Description
Solution for inhalation drug products are typically water based and are sterile
preparations. Upon dilution, they are intended for delivery to the lungs by nebulization
using an external nebulizer. Such drug preparations are typically packaged in singledose semipermeable containers and also include a protective packaging to minimize
ingress of volatile foreign contaminants, loss of solvent, and exposure to oxygen and
light. Nebulization involves continuous generation and delivery to the patient of a fine
mist of aqueous droplets containing the formulation components by means of ultrasonic
energy, Venturi effect, or other appropriate mechanical/electrical means. Product
quality tests for solutions for inhalation include the following (see Section IV below for
more detailed discussions of each test):
Dilution Compatibility
For all other quality attributes, refer to the Inhalation Solution attributes above.
Suspension for Inhalation
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Description
Suspension for inhalation drug products are typically water based and are sterile
preparations. Upon dilution, they are intended for delivery to the lungs by nebulization
with a specified external nebulizer. Such drug preparations are typically packaged in
single-dose semipermeable containers and also include protective packaging to minimize
ingress of volatile foreign contaminants, loss of solvent, and exposure to oxygen and
light. Nebulization involves continuous generation and delivery to the patient of a fine
mist of aqueous droplets containing the formulation components with the use of
ultrasonic energy, Venturi effect, or other appropriate mechanical/electrical means.
Additional product quality tests for suspensions for inhalation include the following (see
Section IV below for more detailed discussions of each test):
Dilution Compatibility
For all other quality attributes, refer to the Inhalation Suspension attributes above.
Drug for Inhalation Solution
Description (powder)
“Drug for Inhalation Solution” is a (specified color) drug powder formulation that upon
the addition of a suitable vehicle yields a solution conforming in all respects to the
Inhalation Solution requirements. Additional product quality tests for drug for inhalation
solutions include the following (see Section IV below for more detailed discussions of
each test):
Moisture Content (powder)
Reconstitution Solvent and Time (powder)
For all other quality attributes, refer to the Inhalation Solution attributes above upon
(re)constitution of the drug product.
Inhalation Spray
Description
Inhalation spray drug products are typically water-based liquid formulations packaged in
a compact container–closure system containing an integral spray pump unit that upon
activation delivers an accurately metered amount of fine mist of droplets of the
formulation. The droplets can be generated by various means such as mechanical
action, power assistance, or energy from the patient’s inspiration. The mechanisms by
which they generate droplets distinguish the various types of inhalation sprays. These
drug products may be unit-dose or multidose presentations. Inhalation spray drug
products may be designed as premetered or device-metered presentations. A
premetered unit contains a previously measured amount of liquid formulation in an
individual container (e.g., a blister) that is inserted in the device by the patient before
use. A device-metered product contains sufficient amount of liquid formulation for a
prescribed number of doses in a reservoir, and each dose is delivered as an accurately
metered spray by the device throughout the unit’s life. Additional product quality tests
for inhalation sprays include the following (see Section IV below for more detailed
discussions of each test):
Plume Geometry (part of characterization)
For all other quality attributes, refer to the Inhalation Solution attributes above.
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Inhalation Powder
Description
Inhalation powder drug products, commonly known as dry powder inhalers (DPIs),
dispense powders for inhalation with the use of a device that aerosolizes and delivers
an accurately metered amount and consistent quality of active ingredient(s) alone or
with a suitable excipient(s). Current designs include premetered and device-metered
DPIs, all of which rely on various energy sources to create and disperse the aerosol
during patient inspiration.
Premetered DPIs contain previously measured amounts of formulation in individual
containers (e.g., capsules or blisters) that are inserted into the device before use.
Premetered DPIs may also contain premetered dose units as ordered multidose
assemblies in the delivery system. Device-metered DPIs have an internal reservoir that
contains a sufficient quantity of formulation for multiple doses that are metered by the
device itself during actuation by the patient. Additional product quality tests for
inhalation powders include the following (see Section IV below for more detailed
discussions of each test):
Identification
Assay
Impurities and Degradation Products
Moisture Content
Foreign Particulate Matter
Microbial Limit
Net Content (device-metered)
III. PRODUCT QUALITY TESTS FOR NASAL DRUG PRODUCTS
Nasal Aerosol
Refer to the Inhalation Aerosol attributes above.
Nasal Spray
Description
Nasal spray drug products are typically water-based liquid formulations applied to the
nasal cavity for local and/or systemic effects. They contain therapeutically active
ingredient(s) dissolved or suspended in solution or mixtures of excipients in a
nonpressurized compact container–closure system. The container–closure system
includes an integral spray pump unit that upon activation delivers a spray containing an
accurately metered amount of fine mist of droplets of the formulation. Dispersion of the
formulation as a spray typically is accomplished by forcing the formulation through the
nasal actuator and its orifice. Often, such drug products are multidose device-metered
(see Inhalation Spray) presentations in which the dose is metered by the spray pump.
Nasal spray drug products also may be designed as premetered presentations. Additional
product quality tests for nasal sprays include the following (see Section IV below for
more detailed discussions of each test):
Identification
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Assay
Impurities and Degradation Products
Assay for Preservative and Stabilizing Excipients (if present)
Particle Size Distribution (for suspensions)
Foreign Particulate Matter
Spray Pattern
Microbial Limit
Leachables
Net Fill Weight
pH
Osmolality
Viscosity
Nasal Powder
Refer to the Inhalation Powder quality attributes above.
Non-metered Nasal Solution
Description
Non-metered nasal solution drug products are typically water-based liquid formulations
applied to the nasal cavity for local effect. They may contain drug substance(s)
dissolved or suspended in solution or mixtures of excipients in a nonpressurized compact
container–closure system. The container–closure system includes a delivery system
that administers nonmetered amounts of drops or fine mist of droplets of the
formulation. Typically, such drug products are multidose presentations. Additional
product quality tests for nonmetered nasal solution drug products include the following
(see Section IV below for more detailed discussions of each test):
Identification
Assay
Impurities and Degradation Products
Assay for Preservative and Stabilizing Excipients (if present)
Foreign Particulate Matter
Microbial Limit
Leachables
Net Fill Weight
pH
Osmolality
Viscosity
IV. DESCRIPTION OF PRODUCT QUALITY TESTS
Product quality tests are listed below and should be applied to inhalation and nasal drug
products. Specific product quality tests are addressed in product monographs.
Description
Alcohol Content (if present)
If alcohol is used in a drug product formulation, a specific assay with appropriate
acceptance criteria should be included.
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Assay (strength and content uniformity)
The USP Assay test of a drug substance in the drug product container is determined by
means of a validated stability-indicating procedure following USP general chapter
Validation of Compendial Methods 1225 . The Assay test should measure available
drug substance and stability issues such as adherence of the drug substance to the
container and closure components. Appropriate acceptance criteria can provide added
assurance of manufacturing reproducibility and may ensure better conformance in other
performance attributes (e.g., delivered dose uniformity).
If a drug product contains a single enantiomer of a chiral drug substance, analysts can
use a chiral assay or a combination of an achiral assay and a validated procedure to
control the presence of the non-therapeutic undesired enantiomer as an impurity. If
racemization has been demonstrated to be insignificant during drug product
manufacture and storage, then an achiral assay may be justified.
Assay for Preservative and Stabilizing Excipients (if present)
The assay of any preservative and stabilizing excipient in a multidose container should
be determined analytically, typically with a validated stability-indicating procedure
following ICH Q2(R1). The corresponding acceptance criteria normally are based on
appropriate preservative effectiveness demonstrated by a microbial challenge test.
Dilution Compatibility
Solution for inhalation and suspension for inhalation dosage forms must be diluted before
administration by nebulization. Hence, appropriate compatibility studies must be
undertaken to fully assess the type and amount of the solvent(s) that can be used with
the specific solution for the inhalation drug product. The compatibility studies also
should include appropriate physical and chemical stability studies, as well as studies of
performance characteristics.
Foreign Particulate Matter
Foreign particulate matter in these drug products should be adequately controlled.
Particulate matter in these drug products may originate during manufacturing and from
formulation and container–closure components. For toxicological assessment, the type,
origin, amount, and size of foreign particulates, including fine particulates (e.g., less
than 10 µm) should be determined throughout the stability storage period. Particulate
matter in the drug product may increase with time, temperature, and stress.
Identification
A specific identification test or tests are used to verify the identity of the drug
substance in the drug product. If a nonspecific method is used for identification, then it
should be combined with a second independent and complementary method. Moreover,
if the drug substance is a salt, an appropriate identification test should also be included
for the counterion.
Impurities and Degradation Products
Appropriately validated stability-indicating analytical procedure(s) following USP general
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chapter Validation of Compendial Methods 1225 should be used to determine the
levels of impurities and degradation products in a drug product. Typically, the
acceptance criteria are set for individual, total unspecified, and total impurities and
degradation products following ICH Q3B(R2). For reporting, identification, and
qualification thresholds and other relevant information, follow ICH Q3B(R2).
Leachables
Inhalation and nasal drug products should be evaluated for compounds that may leach
from elastomeric and plastic components and from coatings of the container–closure
system into the formulation. Additionally, the drug product may inadvertently contain
other residual contaminants from manufacturing and processing. Leachables may include
polynuclear aromatics, nitrosamines, monomers, plasticizers, accelerators, antioxidants,
and vulcanizing agents. Processing contaminants may include surface-treatment or
processing agents that may dissolve or become suspended in the formulation.
Thus, throughout the expiration-dating period the drug product should be evaluated for
compounds that can migrate into the formulation from a variety of sources. Appropriate
specifications using validated analytical procedures should be applied to identify,
monitor, and quantify the compounds in the drug product with appropriate minimum
levels of quantification. Corresponding acceptance criteria should be established and
justified from toxicological and safety perspectives.
Leak Rate (stability)
Leak rate studies of inhalation and nasal aerosol drug products can be used during drug
product development and characterization to support the selection of appropriate
container–closure components (e.g., valve and canister) and drug product
manufacturing parameters, including the crimping process. The specifications for the
USP Leak Rate testing in the stability studies can include multiple units from each batch
based on weight difference determination with time at a specified temperature.
Microbial Limits
The microbial quality of dosage forms where indicated under Product Quality Tests for
Inhalation Drug Products and Product Quality Tests for Nasal Drug Products normally
are controlled by appropriate validated test(s) and acceptance criteria for total aerobic
count, total yeasts and molds count, and freedom from designated indicator pathogens.
Acceptance criteria can be expressed on a per-container basis. Refer to Microbiological
Examination of Nonsterile Products: Microbial Enumeration Tests 61 and proposed
Alternative Microbiological Sampling Methods for Nonsterile Inhaled and Nasal Products
610

for additional information.

Moisture Content (powder)
Appropriate specification for residual water content of dosage forms where indicated in
Product Quality Tests for Inhalation Drug Products and Product Quality Tests for Nasal
Drug Products should be established to ensure the drug product's continued stability
and acceptable performance of the drug product. Properly validated analytical
procedures should be used as described in Water Determination

921 .
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Net Fill Weight and Weight Loss
The total net weight of the formulation in the container should be assessed and
controlled with a test and acceptance criteria. Additionally, drug products packaged in
semipermeable containers should be evaluated for weight loss to assess the moistureloss protective properties of the overall container–closure system.
Osmolality
To control the tonicity of the formulation of dosage forms where indicated under
Product Quality Tests for Inhalation Drug Products, the product should be tested for
osmolality with appropriate specifications as described in Osmolality and Osmolarity
785 .
pH
Appropriate specification for the pH of the formulation of dosage forms where indicated
under Product Quality Tests for Inhalation Drug Products and Product Quality Tests for
Nasal Drug Products should be established as described in pH

791 .

Particle Size Distribution
For inhalation suspension, suspension for inhalation, and suspension nasal spray drug
products appropriate method(s) and corresponding acceptance criteria can be used for
the determination of the particle size distribution of the drug substance particles. (See
Light Diffraction Measurement of Particle Size

429

for particle size measurement.)

Plume Geometry (part of characterization)
Because various factors can affect the plume characteristics of the spray of an
inhalation aerosol, inhalation spray, nasal aerosol, or nasal spray drug product, its full
characterization is important for assessing the performance of the delivery system.
Plume geometry can be determined by a variety of procedures using appropriately
validated methods. Plume geometry also can be controlled by appropriate acceptance
criteria that measure spray pattern characteristics, including shape and size of the
evolving spray plume under defined experimental and instrumental test conditions.
Reconstitution Solvent and Time (powder)
Drug for inhalation solution dosage forms must be (re)constituted before administration
with the use of a specified nebulization system. Hence, appropriate compatibility studies
should be undertaken to fully assess the type and amount of the solvent(s), as well as
(re)constitution time for preparation of the final solution for patient administration. The
compatibility studies also should include appropriate physical and chemical stability
studies, as well as performance characterization studies.
Spray Pattern
Because various factors can affect the spray pattern of an inhalation aerosol, nasal
aerosol, or nasal spray drug product, full spray pattern characterization is important for
assessing the performance of the specific valve and the actuator or the pump. The
spray pattern can be determined using appropriately validated methods and
corresponding acceptance criteria that measure the shape, density, and size of the
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pattern. The test procedure for spray patterns normally is specific to the drug product
and may include, among others, the distance between the mouthpiece and the
collection surface, minimum number of actuations per spray pattern to enable
discrimination, orientation of the collection surface relative to the mouthpiece, and
visualization procedure(s).
Sterility
All inhalation water-based dosage forms are sterile preparations and should meet the
requirements of Sterility Tests

71 .

Viscosity
A test for viscosity with appropriate acceptance criteria should be included for dosage
forms where indicated under Product Quality Tests for Inhalation Drug Products and
Product Quality Tests for Nasal Drug Products and as appropriate (see Newtonian
Viscosity

911 ).

2S (USP35)

BRIEFING
123 Glucagon Bioidentity Tests. A new general chapter is proposed for determination of
the bioidentity of Glucagon drug products. The primary liver-cell assay is similar to the
bioassay previously described for animal-derived glucagon in the Glucagon and Glucagon for
Injection monographs. More recently, this method was optimized and validated for use with
animal-derived and recombinantly produced glucagon bulk and final drug products.
(BIO1: M. Kibbey.)
Correspondence Number—C93990

Comment deadline: September 30, 2011
Add the following:
123

Glucagon Bioidentity Tests

DEFINITION
Glucagon is a polypeptide hormone that increases blood glucose levels via release of liver
glycogen stores and is clinically used to treat hypoglycemia. Human, porcine, and bovine
glucagon share an identical 29 amino acid sequence. Commercially available Glucagon was
previously purified from bovine and porcine pancreas glands. Today, human glucagon is
recombinantly produced (rGlucagon) with various microbial fermentation systems using the
human amino acid sequence. The USP–NF Glucagon for Injection monograph defines glucagon
identification tests. Glucagon bioidentity must be determined using a validated bioassay method
approved by a competent authority. The bioassay must demonstrate that the manufacturing
process produces Glucagon that has a biologic activity of NLT 0.80 USP Unit/mg of glucagon.
This chapter describes a validated glucagon bioidentity test that measures glucose released
from freshly prepared rat liver cells (hepatocytes) stimulated with Glucagon in vitro.
ASSAY
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• Primary Liver Cell Assay
[Note—All buffers are oxygenated, prepared with either Sterile Water for Injection or Sterile
Water for Irrigation, warmed to 37 , and adjusted to a final pH of 7.4 unless otherwise
indicated. At least two independent assays (replicates) must be performed utilizing two rat
livers for each lot of Glucagon. Figure 1 demonstrates the process used to generate one
replicate value. A minimum of two replicates are combined according to the Calculations
section. The concentration range of the Standard preparations and the Assay preparations
may be modified to fall within the linear range of the Assay, and the calculations can be
adjusted accordingly. Alternatively, full curve analysis using validated nonlinear statistical
methods can be used, provided that similarity is demonstrated when analysts compare the
responses of the Standard preparations and the Assay preparations.]

Figure 1. Rat hepatocyte assay method flow diagram (RS = Reference Standard).
Hepatocyte Preparation
Calcium-free perfusion buffer with dextrose: Prepare a solution containing 7.92 g/L of
sodium chloride, 0.35 g/L of potassium chloride, 1.80 g/L of dextrose, 0.19 g/L of edetic
acid (EDTA), and 2.38 g/L of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES). Oxygenate before use.
Collagenase buffer: Prepare a solution containing 3.62 g/L of sodium chloride, 23.83 g/L
of HEPES, 0.35 g/L of potassium chloride, 0.52 g/L of calcium chloride, and 1.8 g/L of
dextrose. Adjust to a pH of 7.6. Immediately before perfusion, dissolve a quantity of
collagenase in this solution to obtain a concentration of 0.02%–0.05%. The exact
concentration of collagenase is determined empirically for each new lot of enzyme and is
the amount that can consistently dissociate the tissue within 10 min of buffer entry and
produce a viable cell concentration of NLT 3 × 106 cells/mL.
Wash buffer: Prepare a solution containing 7.92 g/L of sodium chloride, 0.35 g/L of
potassium chloride, 0.19 g/L of EDTA, 2.38 g/L of HEPES, 0.11 g/L of calcium chloride,
and 0.06 g/L of magnesium sulfate.
Incubation buffer: Prepare a solution containing 6.19 g/L of sodium chloride, 0.35 g/L of
potassium chloride, 0.22 g/L of calcium chloride, 0.12 g/L of magnesium sulfate, 0.16 g/L
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of monobasic potassium phosphate, 11.915 g/L of HEPES, and 10 g/L of bovine serum
albumin (1% BSA). Adjust to a pH of 7.5.
Test animals: Male Sprague-Dawley rats are maintained on a standard rat chow diet,
given water ad libitum, and allowed to adjust to their new housing before testing. On
the morning of the test, select a healthy rat weighing approximately 300 g, and
administer 100 Units of Heparin Sodium subcutaneously.
Procedure: [Note—Conduct this procedure in the morning to ensure that the rat has
optimal glycogen in its liver and so that the procedure can be completed in one day. ]
Anesthetize the rat with an appropriate anesthetic. Open the abdominal cavity, and
isolate the portal vein. Insert an angiocatheter connected to a perfusion pump, and tie
into the portal vein at the general location of the lienal branch. Start the perfusion (25
mL/min) in situ with the previously warmed, oxygenated, Calcium-free perfusion buffer
with dextrose. As the liver enlarges, cut the inferior vena cava to allow pressure
equilibrium. [Note—About 300 mL of the perfusate is needed to clear the liver of red
blood cells at a flow rate of 25–60 mL/min. ] Then circulate Collagenase buffer at an
appropriate flow rate so that the liver leaks perfusate out of the lobes in approximately
10 min (typically 25–60 mL/min). When the liver significantly increases in size, changes
color and consistency, and starts to leak perfusate out of the lobes, change the system
to the oxygenated prewarmed Wash buffer. About 100 mL of Wash buffer is needed to
wash the liver of collagenase at a flow rate of 25 mL/min. Surgically remove the liver
from the animal, and place in a prewarmed Petri dish containing a small amount of
oxygenated Wash buffer (37 ). Gently comb the liver with a stainless steel, fine-toothed
comb to free the hepatocytes. Filter and wash the hepatocytes with Wash buffer,
through prewetted cheesecloth (3 layers thick, or through a 150-µm mesh polyethylene
net) into a beaker. Transfer the cells to two centrifuge tubes, and spin for about 1 min
at 600 rpm. Discard the supernatant fractions, and resuspend the two pellets in
Incubation buffer. Combine the two pellets in a suitable container, and add sufficient
Incubation buffer to make 150 mL.
System suitability: The cell yield may vary because of the collagenase activity and the
viability of the hepatocytes. To check cell viability and to determine viable cell
concentration, dilute a 100-µL aliquot of the cell suspension with 400 µL of Wash buffer
and 500 µL of isotonic 0.4% trypan blue solution. Load aliquots of the cell suspension
into both chambers of a hemocytometer, and count all 8 quadrants. To meet system
suitability of the cell preparation method, a viable cell concentration of 3 × 106 cells/mL
(acceptable range of 2.5 × 106 to 3.4 × 106 cells/mL) must be obtained to proceed with
the bioassay. If the viable cell concentration exceeds the upper limit, additional
Incubation Buffer may be added to the cells to adjust the concentration to 3 × 106
cells/mL. In this case, the cells are counted again in a hemocytometer, as described
above to verify the concentration. [Note—Viable cells are those cells that exclude the
trypan blue. ]
Glucose Determination
Negative control solution: Prepare a solution containing 0.5% BSA using Sterile Water
for Injection or Sterile Water for Irrigation.
Incubation flasks: Use specially prepared 25-mL conical flasks, the bottoms of which
have been heated and pushed inward to form a conically raised center, or similar flasks
that allow sufficient mixing when swirling. Place the Incubation flasks in an orbital shaker
water bath at 35 .
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Standard preparations: On the day of the assay, dissolve two vials of USP rGlucagon
RS, accurately measured, in 0.01 N hydrochloric acid or other suitable diluent (volume
based on the potency of the Reference Standard lot) to obtain two solutions each
containing 1 USP rGlucagon Unit/mL. All dilutions thereafter are made using Negative
control solution. Accurately dilute measured volumes of each solution with Negative
control solution to obtain an intermediate concentration of 400 µU/mL, and then serially
dilute the intermediate to produce five concentrations: 200, 100, 50, 25, and 12.5
µU/mL (Standard preparations). Pipet 0.1 mL of each Standard preparation into
separate Incubation flasks. Pipet 0.1 mL of Negative control solution into each of two
flasks (Negative control solutions 1 and 2).
Assay preparations: Using accurately weighed quantities of Glucagon samples, proceed
as directed for Standard preparations or, if testing Glucagon for Injection, reconstitute
10 vials by slowly adding the contents of the accompanying prefilled syringes containing
an appropriate glucagon diluent. Gently mix each vial until the glucagon is dissolved.
Using the same syringes, withdraw the contents of 5 vials and place the solutions in a
25-mL volumetric flask. Repeat for the second 5 vials, transferring the contents to a
second 25-mL volumetric flask. Dilute each flask with 0.01 N hydrochloric acid to
volume. Dilute an accurate amount of each solution with 0.5% BSA to yield a
concentration of 400 µU/mL, and serially dilute the intermediate to produce five Assay
preparation concentrations: 200, 100, 50, 25, and 12.5 µU/mL. Then proceed as
directed for the Standard preparations.
Reference stock solution: Dry USP Dextrose RS, and then transfer 1.0 g, accurately
weighed, to a 100-mL volumetric flask. Dissolve in and dilute with saturated benzoic acid
solution to volume.
Reference solutions: Transfer suitable quantities of Reference stock solution to 4 flasks,
and dilute with saturated benzoic acid solution to obtain Reference solutions having
concentrations of 100, 500, 1000, and 1500 mg/L.
Potassium ferrocyanide solution: Dissolve 1.25 g of trihydrate potassium ferrocyanide
in 125 mL of Sterile Water for Injection, or use an appropriate commercial source.
System suitability: Analyze the Potassium ferrocyanide solution, the Reference
solutions, and an additional five replicates of either the 500 or 1000 mg/L Reference
solution in an appropriate glucose analyzer. Prepare a standard curve using the
Reference solutions as directed for Procedure. The square root of the residual error
mean square from the regression divided by the average of the response multiplied by
100% (line %RSD) must be NMT 2.0%. In addition, the response of the Potassium
ferrocyanide solution must be NMT 30 mg/L, and the relative standard deviation must be
NMT 2.0% for the replicate analyses of the middle Reference solution.
Procedure: Dispense 5 mL of Hepatocyte Preparation into the Incubation flasks in
sequence from high glucagon concentration to low glucagon concentration, alternating
the Standard preparations with the Assay preparations. Swirl the flasks in an orbiting
water bath at 125 rpm at 35 for approximately 30 min. Following incubation, remove
1.0-mL aliquots from each Incubation flask, transfer to labeled microcentrifuge tubes,
and centrifuge at 13,000 rpm for 15 s. Place each supernatant fraction in a labeled
sampling tube for a glucose analyzer, and determine the glucose concentration (mg/L) of
each Standard preparation and Assay Preparation. Measure the background reading of
the Negative control solutions 1 and 2, and calculate the average of the two responses.
To conform to the linear range of the instrument being used, analysts may find it
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necessary to adjust by dilution each of the Preparations. Use a glucose analyzer that
has demonstrated appropriate specificity, accuracy, precision, and linear response over
the range of concentrations being determined. Determine the increase in glucose
concentration for each Preparation compared to the average value of the Negative
control solution.
Calculations
Calculate the relative potency of the Glucagon samples by parallel-line analysis using
appropriate statistical methods, comparing the Reference Standard curve (from the
Standard Preparations) to the Glucagon sample curve (from the Assay Preparations). The
statistical assessments of linearity and parallelism must be passed at the 5% level, and no
dose–response reversals may occur within a run for the 25, 50, or 100 µU/mL
Preparations. [Note—Either the low- or high-dose level, but not both, may be excluded
from the calculation in order to meet linearity requirements. ]Because a minimum of two
valid assays (rats) are required, the estimated potencies are combined using the
procedures in Design and Analysis of Biological Assays 111 , Combination of
Independent Assays, and the width, L, of a 95% confidence interval for the estimated
logarithm of the relative potency is calculated. If L is NMT 0.1938, the results are valid. If
L is >0.1938, additional assays may be performed and combined until a valid L term
results, and the relative potency is then calculated from all valid independent runs. If four
independent runs are performed and the L-term requirement is still not achieved, then the
test results are not valid. It meets the requirement of bioidentity if the relative potency is
NLT 0.80 USP rGlucagon Unit/mg.
ADDITIONAL REQUIREMENTS
• USP Reference Standards
USP Dextrose RS
USP rGlucagon RS
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BRIEFING
601 Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers, USP
34 page 218. A revision is proposed to rename this chapter and to move some of the product
quality related contents into a new general test chapter Inhalation and Nasal Drug Products—
General Information and Product Quality Tests

5 , which appears elsewhere in this PF.

General chapter 5 will be a companion chapter to chapter 601 . Also included in this
revision is a new section on Droplet/Particle Size Distribution—Nasal Aerosols, Sprays, and
Powders, along with some other small content changes.
(DF EC : K. Zaidi.)
Correspondence Number— C99615

Comment deadline: September 30, 2011
Change to read:
601 AEROSOLS, NASAL SPRAYS, METERED-DOSE INHALERS, AND DRY POWDER
INHALERS PRODUCT PERFORMANCE TESTS—NASAL AND INHALATION AEROSOLS,
SPRAYS, AND POWDERS 2S (USP35)
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This general chapter contains test methods for propellants, pressurized topical aerosols, nasal
sprays, metered-dose inhalers, and propellant-free dry powder inhalers used to aerosolize, or to
aerosolize and meter, doses of powders for inhalation. Apply these methods, where indicated, in
the testing of the appropriate dosage forms.
PROPELLANTS
[Caution—Hydrocarbon propellants are highly flammable and explosive. Observe precautions
and perform sampling and analytical operations in a well-ventilated fume hood. ]
General Sampling Procedure
This procedure is used to obtain test specimens for those propellants that occur as gases at
about 25 and that are stored in pressurized cylinders. Use a stainless steel sample cylinder
equipped with a stainless steel valve and having a capacity of not less than 200 mL and a
pressure rating of 240 psi or more. Dry the cylinder with the valve open at 110 for 2 hours,
and evacuate the hot cylinder to less than 1 mm of mercury. Close the valve, cool, and weigh.
Connect one end of a charging line tightly to the propellant container and the other end loosely
to the sample cylinder. Carefully open the propellant container, and allow the propellant to flush
out the charging line through the loose connection. Avoid excessive flushing, which causes
moisture to freeze in the charging line and connections. Tighten the fitting on the sample
cylinder, and open the sample cylinder valve, allowing the propellant to flow into the evacuated
cylinder. Continue sampling until the desired amount of specimen is obtained, then close the
propellant container valve, and finally close the sample cylinder valve. [Caution—Do not
overload the sample cylinder; hydraulic expansion due to temperature change can cause
overloaded cylinders to explode. ] Again weigh the charged sample cylinder, and calculate the
weight of the specimen.
Approximate Boiling Temperature
Transfer a 100-mL specimen to a tared, pear-shaped, 100-mL centrifuge tube containing a few
boiling stones, and weigh. Suspend a thermometer in the liquid, and place the tube in a medium
maintained at a temperature of 32 above the expected boiling temperature. When the
thermometer reading becomes constant, record as the boiling temperature the thermometer
reading after at least 5% of the specimen has distilled. Retain the remainder of the specimen
for the determination of High-Boiling Residues.
High-Boiling Residues, Method I
Allow 85 mL of the specimen to distill as directed in the test for Approximate Boiling
Temperature, and transfer the centrifuge tube containing the remaining 15 mL of specimen to
a medium maintained at a temperature 10 above the boiling temperature. After 30 minutes,
remove the tube from the water bath, blot dry, and weigh. Calculate the weight of the residue.
High-Boiling Residues, Method II
Prepare a cooling coil from copper tubing (about 6 mm outside diameter × about 6.1 m long) to
fit into a vacuum-jacketed flask. Immerse the cooling coil in a mixture of dry ice and acetone in
a vacuum-jacketed flask, and connect one end of the tubing to the propellant sample cylinder.
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Carefully open the sample cylinder valve, flush the cooling coil with about 50 mL of the
propellant, and discard this portion of liquefied propellant. Continue delivering liquefied
propellant from the cooling coil, and collect it in a previously chilled 1000-mL sedimentation
cone until the cone is filled to the 1000-mL mark. Allow the propellant to evaporate, using a
warm water bath maintained at about 40 to reduce evaporating time. When all of the liquid
has evaporated, rinse the sedimentation cone with two 50-mL portions of pentane, and
combine the rinsings in a tared 150-mL evaporating dish. Transfer 100 mL of the pentane
solvent to a second tared 150-mL evaporating dish, place both evaporating dishes on a water
bath, evaporate to dryness, and heat the dishes in an oven at 100 for 60 minutes. Cool the
dishes in a desiccator, and weigh. Repeat the heating for 15-minute periods until successive
weighings are within 0.1 mg, and calculate the weight of the residue obtained from the
propellant as the difference between the weights of the residues in the two evaporating dishes.
Water Content
Proceed as directed under Water Determination 921 , with the following modifications: (a)
Provide the closed-system titrating vessel with an opening through which passes a coarseporosity gas dispersion tube connected to a sampling cylinder. (b) Dilute the Reagent with
anhydrous methanol to give a water equivalence factor of between 0.2 and 1.0 mg per mL; age
this diluted solution for not less than 16 hours before standardization. (c) Obtain a 100-g
specimen as directed under General Sampling Procedure, and introduce the specimen into the
titration vessel through the gas dispersion tube at a rate of about 100 mL of gas per minute; if
necessary, heat the sample cylinder gently to maintain this flow rate.
Other Determinations
For those aerosols that use propellants, perform the tests specified in the individual NF
propellant monographs.
AEROSOLS
Because leaching of extractable substances into pressurized formulations should be minimized,
valve materials and other components that are in contact with the product meet the
requirements under Elastomeric Closures for Injections

381

(Note that under

Physicochemical Test Procedures in 381 the directions for preparing a sample require preextraction, which may cause an underestimate of the amount of extractables from a given
component.) See also Aerosols under Pharmaceutical Dosage Forms

1151 .

TOPICAL AEROSOLS
The following tests are applicable to topical aerosols containing drug, in suspension or solution,
packaged under pressure, and released upon activation of an appropriate valve system.
Delivery Rate and Delivered Amount
Perform these tests only on containers fitted with continuous valves.

PF 37(4): Jul.-Aug. 2011

27

Delivery Rate—Select not fewer than four aerosol containers, shake, if the label includes this
directive, remove the caps and covers, and actuate each valve for 2 to 3 seconds. Weigh each
container accurately, and immerse in a constant-temperature bath until the internal pressure is
equilibrated at a temperature of 25 as determined by constancy of internal pressure, as
directed under the Pressure Test below. Remove the containers from the bath, remove excess
moisture by blotting with a paper towel, shake, if the label includes this directive, actuate each
valve for 5.0 seconds (accurately timed by use of a stopwatch), and weigh each container
again. Return the containers to the constant-temperature bath, and repeat the foregoing
procedure three times for each container. Calculate the average Delivery Rate, in g per second,
for each container.
Delivered Amount—Return the containers to the constant-temperature bath, continuing to
deliver 5 second actuations to waste, until each container is exhausted. [Note—Ensure that
sufficient time is allowed between each actuation to avoid significant canister cooling. ]
Calculate the total weight loss from each container. This is the Delivered Amount.
Pressure Test
Perform this test only on topical aerosols fitted with continuous valves.
Select not fewer than four aerosol containers, remove the caps and covers, and immerse in a
constant-temperature bath until the internal pressure is constant at a temperature of 25 .
Remove the containers from the bath, shake, and remove the actuator and water, if any, from
the valve stem. Place each container in an upright position, and determine the pressure in each
container by placing a calibrated pressure gauge on the valve stem, holding firmly, and
actuating the valve so that it is fully open. The gauge is of a calibration approximating the
expected pressure and is fitted with an adapter appropriate for the particular valve stem
dimensions. Read the pressure directly from the gauge.
Minimum Fill
Topical aerosols meet the requirements for aerosols under Minimum Fill

755 .

Leakage Test
Perform this test only on topical aerosols fitted with continuous valves.
Select 12 aerosol containers, and record the date and time to the nearest half hour. Weigh
each container to the nearest mg, and record the weight, in mg, of each as W1 . Allow the
containers to stand in an upright position at a temperature of 25.0 ± 2.0 for not less than 3
days, and again weigh each container, recording the weight, in mg, of each as W2 , and
recording the date and time to the nearest half hour. Determine the time, T, in hours, during
which the containers were under test. Calculate the leakage rate, in mg per year, of each
container taken by the formula:
(365)(24/T)(W1

W2 ).

Where plastic-coated glass aerosol containers are tested, dry the containers in a desiccator for
12 to 18 hours, and allow them to stand in a constant-humidity environment for 24 hours prior
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to determining the initial weight as indicated above. Conduct the test under the same
constant-humidity conditions. Empty the contents of each container tested by employing any
safe technique (e.g., chill to reduce the internal pressure, remove the valve, and pour).
Remove any residual contents by rinsing with suitable solvents, then rinse with a few portions
of methanol. Retain as a unit the container, the valve, and all associated parts, and heat them
at 100 for 5 minutes. Cool, weigh, record the weight as W3 , and determine the net fill weight
(W1

W3 ) for each container tested. [Note—If the average net fill weight has been

determined previously, that value may be used in place of the value (W1 W3 ) above. ] The
requirements are met if the average leakage rate per year for the 12 containers is not more
than 3.5% of the net fill weight, and none of the containers leaks more than 5.0% of the net fill
weight per year. If 1 container leaks more than 5.0% per year, and if none of the containers
leaks more than 7.0% per year, determine the leakage rate of an additional 24 containers as
directed herein. Not more than 2 of the 36 containers leak more than 5.0% of the net fill weight
per year, and none of the 36 containers leaks more than 7.0% of the net fill weight per year.
Where the net fill weight is less than 15 g and the label bears an expiration date, the
requirements are met if the average leakage rate of the 12 containers is not more than 525 mg
per year and none of the containers leaks more than 750 mg per year. If 1 container leaks more
than 750 mg per year, but not more than 1.1 g per year, determine the leakage rate of an
additional 24 containers as directed herein. Not more than 2 of the 36 containers leak more
than 750 mg per year, and none of the 36 containers leaks more than 1.1 g per year. This test
is in addition to the customary in-line leak testing of each container.
Number of Discharges per Container
Perform this test only on topical aerosols fitted with dose-metering valves, at the same time
as, and on the same containers used for, the test for Delivered-Dose Uniformity. Determine the
number of discharges or deliveries by counting the number of priming discharges plus those
used in determining the spray contents, and continue to fire until the label claim number of
discharges. The requirements are met if all the containers or inhalers tested contain not less
than the number of discharges stated on the label.
Delivered-Dose Uniformity
The test for Delivered-Dose Uniformity is required for topical aerosols fitted with dose-metering
valves. For collection of the minimum dose, proceed as directed in the test for Delivered-Dose
Uniformity under Metered-Dose Inhalers and Dry Powder Inhalers, as described below, except
to modify the dose sampling apparatus so that it is capable of quantitatively capturing the
delivered dose from the preparation being tested. Unless otherwise stated in the individual
monograph, apply the acceptance criteria for Metered-Dose Inhalers and Dry Powder Inhalers
as described below.
NASAL SPRAYS
The following test is applicable to nasal sprays, formulated as aqueous suspensions or solutions
of drug, presented in multi-dose containers and fitted with dose-metering valves. In all cases,
and for all tests, prepare and test the nasal spray as directed on the label and the instructions
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for use.
Delivered-Dose Uniformity
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses (minimum number of sprays per nostril as described on the label, or instructions
for use) collected at the beginning of unit life (after priming as described on the label, or
instructions for use) and at the label claim number of metered sprays, from each of 10 separate
containers, must meet the following acceptance criteria: not more than 2 of the 20 doses are
outside the range of 80% to 120% of label claim, and none are outside the range of 75% to
125% of label claim, while the mean for each of the beginning and end doses falls within the
range of 85% to 115% of label claim. If 3–6 doses of the 20 doses collected are outside of 80%
to 120% of the label claim, but none are outside of 75% to 125% of label claim, and the means
for each of the beginning and end doses fall within 85% to 115% of label claim, select 20
additional containers for second-tier testing. For second-tier testing, the requirements are met
if not more than 6 of the 60 doses collected are outside the range of 80% to 120% of label
claim, none are outside the range of 75% to 125% of label claim, and the means for each of
the beginning and end doses fall within the range of 85% to 115% of label claim.
SAMPLING FOR DELIVERED-DOSE UNIFORMITY OF METERED-DOSE NASAL SPRAYS
General Sampling Procedure—To ensure reproducible in-vitro dose collection, it is
recommended that a mechanical means of actuating the pump assembly be employed to deliver
doses for collection. The mechanical actuation procedure should have adequate controls for
the critical mechanical actuation parameters (e.g., actuation force, actuation speed, stroke
length, rest periods, etc.). The test must be performed on units that have been primed
according to the patient-use instructions. The test unit should be actuated in a vertical or near
vertical, valve-up, position. The two doses collected at the beginning and end of the container
life should be the dose immediately following priming and the dose corresponding to the last
label claim number of doses from the container.
For suspension products, the delivered dose should be delivered into a suitable container (e.g.,
scintillation vial) in which quantitative transfer from the container under test can be
accomplished. A validated analytical method is employed to determine the amount of drug in
each delivered dose, and data are reported as a percent of label claim. For solution products,
the delivered dose can be determined gravimetrically from the weight of the delivered dose, and
the concentration and density of the fill solution of the product under test.
METERED-DOSE INHALERS AND DRY POWDER INHALERS
The following tests are applicable to metered-dose inhalers that are formulated as suspensions
or solutions of active drug in propellants and dry powder inhalers presented as single or
multidose units. The following test methods are specific to the aforementioned inhalers and may
require modification when testing alternative inhalation technologies (for example, breathactuated metered-dose inhalers, or dose-metering nebulizers). However, Pharmacopeial
requirements for all dose-metering inhalation dosage forms require determination of the
delivered dose and Aerodynamic Size Distribution. In all cases, and for all tests, prepare and
test the inhaler as directed on the label and the instructions for use. When these directions are
not provided by the product manufacturer, follow the precise dose discharge directions included
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in the tests below.
Delivered-Dose Uniformity
The test for Delivered-Dose Uniformity is required for inhalers (e.g., metered-dose inhalers or
dry powder inhalers) containing drug formulation (e.g., solution, suspension, or powder) either
in reservoirs or in premetered dosage units, and for drug formulations packaged in reservoirs or
in premetered dosage units where these containers are labeled for use with a named inhalation
device. (For inhalations packaged in premetered dosage units, see also Uniformity of Dosage
Units 905 .) Note that the target-delivered dose is the expected mean drug content for a
large number of delivered doses collected from many inhalers of the chosen product. In many
cases, its value may depend upon the manner in which the test for delivered dose is performed.
For metered-dose inhalers, the target-delivered dose is specified by the label claim, unless
otherwise specified in the individual monograph. For dry powder inhalers, where the label claim
is usually the packaged or metered-dose of drug, the target-delivered dose is specified in the
individual monograph and is usually less than the label claim. Its value reflects the expected
mean drug content for a large number of delivered doses collected from the product, using the
method specified in the monograph.
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered dose from each of 10 separate containers is determined in accordance with the
procedure described below.
Unless otherwise specified in the individual monograph, the requirements for dosage uniformity
are met if not less than 9 of the 10 doses are between 75% and 125% of the specified targetdelivered dose and none is outside the range of 65% to 135% of the specified target-delivered
dose. If the contents of not more than 3 doses are outside the range of 75% to 125% of the
specified target-delivered dose, but within the range of 65% to 135% of the specified targetdelivered dose, select 20 additional containers, and follow the prescribed procedure for
analyzing 1 minimum dose from each. The requirements are met if not more than 3 results, out
of the 30 values, lie outside the range of 75% to 125% of the specified target-delivered dose,
and none is outside the range of 65% to 135% of the specified target-delivered dose.
SAMPLING THE DELIVERED DOSE FROM METERED-DOSE INHALERS
To determine the content of active ingredient in the discharged spray from a metered-dose
inhaler, use the sampling apparatus described below, using a flow rate of 28.3 L of air per
minute (±5%), unless otherwise stated in the individual monograph.
Apparatus A—The apparatus (see Figure 1)
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Fig. 1. Sampling apparatus for pressurized metered-dose inhalers.
consists of a filter support base with an open-mesh filter support, such as a stainless steel
screen, a collection tube that is clamped or screwed to the filter support base, and a
mouthpiece adapter to ensure an airtight seal between the collection tube and the mouthpiece.
Use a mouthpiece adapter that ensures that the opening of the inhaler mouthpiece is flush with
the front face or 2.5-mm indented shoulder in the sample collection tube, as appropriate. The
vacuum connector is connected to a system comprising a vacuum source, flow regulator, and
flowmeter. The source should be capable of pulling air through the complete assembly, including
the filter and the inhaler to be tested, at the desired flow rate. When testing metered-dose
inhalers, air should be drawn continuously through the system to avoid loss of drug into the
atmosphere. The filter support base is designed to accommodate 25-mm diameter filter disks.
At the airflow being used, the sample collection tube and the filter disk must be capable of
quantitatively collecting the Delivered Dose. The filter disk and other materials used in the
construction of the apparatus must be compatible with the drug and the solvents that are used
to extract the drug from the filter. One end of the collection tube is designed to hold the filter
disk tightly against the filter support base. When assembled, the joints between the
components of the apparatus are airtight so that when a vacuum is applied to the base of the
filter, all of the air drawn through the collection device passes through the inhaler.
Procedure—Prepare the inhaler for use according to the label instructions. Unless otherwise
specified in the individual monograph, with the vacuum pump running, ensuring an airflow rate
through the inhaler of 28.3 L of air per minute (±5%), discharge the minimum recommended
dose into the apparatus through the mouthpiece adapter by depressing the valve for a duration
sufficient to ensure that the dose has been completely discharged. Detach the inhaler from
Apparatus A, and disconnect the vacuum. Assay the contents of the apparatus for drug after
rinsing the filter and the interior of the apparatus with a suitable solvent.
SAMPLING THE DELIVERED DOSE FROM DRY POWDER INHALERS
To determine the content of active ingredient emitted from the mouthpiece of a dry powder
inhaler, use Apparatus B (see Figure 2).

Fig. 2. Apparatus B: Sampling apparatus for dry powder inhalers. (See Table 1 for component
specifications.)

Code
A

B

Table 1. Component Specifications for Apparatus B (see Fig. 2)
Item
Description
Dimensions
Sample
See Fig. 2
34.85-mm ID × 12-cm length
collection
tubea
See Fig. 2
47-mm glass fiber filter
Filterb
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D
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Connector

(e.g., short
8-mm ID
metal coupling
with low
diameter
branch to P3)
Vacuum tubing (e.g., silicon
A length of suitable tubing 8 mm ID with an internal
tubing with an volume of 25 ± 5 mL.
outside
diameter of 14
mm and an
internal
diameter of 8
mm)
Two-way
See Fig. 2
2-way, 2-port solenoid valve having an ID 8 mm
solenoid
and an opening response time of 100 milliseconds.
valvec

F

Vacuum pumpd See Fig. 2

G

Timere

See Fig. 2

P1

Pressure tap

See Fig. 2

P1, P2, Pressure
P3
measurementsf
H
Flow-control See Fig. 2
valveg

Pump must be capable of drawing the required flow
rate through the assembled apparatus with the dry
powder inhaler in the mouthpiece adapter. Connect
the pump to the solenoid valve using short and wide
( 10-mm ID) vacuum tubing and connectors to
minimize pump capacity requirements.
The timer switches current directly to the solenoid
valve for the required duration.
2.2-mm ID, 3.1-mm OD flush with the internal surface
of the sample collection tube, centered and burr
free, 59 mm from its inlet. The pressure taps P1, P2,
and P3 must not be open to the atmosphere during
dose collection.

Adjustable regulating valve with maximum Cv

1h.
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a An example being a Millipore product number XX40 047 00 (Millipore Corporation, 80, Ashby
Road, Bedford, MA 01732), modified so that the exit tube has an ID 8-mm, fitted with
Gelman product number 61631.
b A/E (Gelman Sciences Inc., 600 South Wagner Road, Ann Arbor, MI 48106) or equivalent.
c ASCO product number 8030G13, Automatic Switch Company, 60 Hanover Road, Florham
Park, NJ 07932.
d Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
e Eaton Product number 45610-400 (Eaton Corporation, Automotive Products Division, 901,
South 12th Street, Watertown, WI 53094) or equivalent.
f An example being a PDM 210 pressure meter (Air-Neotronics Ltd., Neotronics Technology
plc, Parsonage Road, Takeley, Bishop's Stortford, CM22 6PU, UK), or equivalent.
g Parker Hannifin type 8FV12LNSS (Parker Hannifin plc., Riverside Road, Barnstable, Devon
EX31 1NP, UK) or equivalent.
h Flow Coefficient, as defined by ISA S75.02 “Control valve capacity test procedure” in
Standards and Recommended Practices for Instrumentation and Control, 10th ed., Vol. 2,
1989. Published by Instrument Society of America, 67 Alexander Drive, P.O. Box 1227,
Research Triangle Park, NC 27709, U.S.A.
This apparatus is capable of sampling the emitted doses at a variety of airflow rates.
Apparatus B—The apparatus is similar to that described in Figure 1 for testing metered-dose
inhalers. In this case, however, the filter and collection tube have a larger internal diameter to
accommodate 47-mm diameter filter disks. This feature enables dosage collection at higher
airflow rates—up to 100 L of air per minute—when necessary. A mouthpiece adapter ensures an
airtight seal between the collection tube and the mouthpiece of the dry powder inhaler being
tested. The mouthpiece adapter must ensure that the tip of the inhaler mouthpiece is flush
with the open end of the sample collection tube. Tubing connectors, if they are used, should
have an internal diameter greater than or equal to 8 mm to preclude their own internal
diameters from creating significant airflow resistance. A vacuum pump with excess capacity
must be selected in order to draw air, at the designated volumetric flow rate, through both the
sampling apparatus and the inhaler simultaneously. A timer-controlled, low resistance, solenoidoperated, two-way valve is interposed between the vacuum pump and the flow-control valve
to control the duration of flow. This type of valve enables 4.0 L of air (±5%) to be withdrawn
from the mouthpiece of the inhaler at the designated flow rate. Flow control is achieved by
ensuring that critical (sonic) flow occurs in the flow-control valve (absolute pressure ratio
P3/P2

0.5 under conditions of steady-state flow).

Procedure—Operate the apparatus at an airflow rate that produces a pressure drop of 4 kPa
(40.8 cm H2 O) over the inhaler to be tested and at a duration consistent with the withdrawal
of 4 L of air from the mouthpiece of the inhaler. [Note—If the flow rate and duration are
defined otherwise in the monograph, adjust the system to within 5% of those values. ]
Determine the test flow rate using Apparatus B as follows. Insert an inhaler into the mouthpiece
adapter to ensure an airtight seal. In cases where the drug packaging modifies the inhaler's
resistance to airflow, use a loaded, drug-free inhaler (with previously emptied packaging). In
other cases, use an unloaded (drug free) inhaler. Connect one port of a differential pressure
transducer to the pressure tap, P1, and leave the other open to the atmosphere. Switch on
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the pump, and open the two-way solenoid valve. Adjust the flow-control valve until the
pressure drop across the inhaler is 4.0 kPa (40.8 cm H2 O). Ensure that critical (sonic) flow
occurs in the flow-control valve by determining the individual values for absolute pressure, P2
and P3, so that their ratio P3/P2 is less than or equal to 0.5. If this criterion cannot be
achieved, it is likely that the vacuum pump is worn or of insufficient capacity. Critical (sonic)
flow conditions in the flow-control valve are required in order to ensure that the volumetric
airflow drawn from the mouthpiece is unaffected by pump fluctuations and changes in airflow
resistance of the inhaler. Remove the inhaler from the mouthpiece adapter and without
disturbing the flow-control valve, measure the airflow rate drawn from the mouthpiece, Qout, by
connecting a flowmeter to the mouthpiece adaptor in an airtight fashion. Use a flowmeter
calibrated for the volumetric flow leaving the meter in an airtight fashion to directly determine
Qout or, if such a meter is unobtainable, calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For example, for a meter calibrated for the entering volumetric flow
(Qin), use the formula:
Qout = QinP0 / (P0 – DP)
where P0 is the atmospheric pressure and DP is the pressure drop over the meter. If the flow
rate is greater than 100 L of air per minute, adjust the flow-control valve until Qout equals 100
L per minute; otherwise, record the value of Qout, and leave the flow-control valve undisturbed.
Define the test flow duration, T = 240/Qout, in seconds, so that a volume of 4.0 L of air (±5%)
is withdrawn from the inhaler at the test flow rate Qout, and adjust the timer controlling the
operation of the two-way solenoid valve accordingly. Prime or load the inhaler with powder for
inhalation according to the labeled instructions. With the vacuum pump running and the
solenoid valve closed, insert the inhaler mouthpiece horizontally into the mouthpiece adapter.
Discharge the powder into the sampling apparatus by activating the timer controlling the
solenoid valve and withdrawing 4.0 L of air from the inhaler at the previously defined airflow
rate. If the labeled instructions so direct, repeat the operation so as to simulate the use of the
inhaler by the patient (e.g., inhale two or three times, if necessary, to empty the capsule).
Repeat the whole operation n 1 times beginning with the text, “Prime or load the inhaler with
powder,” where n is the number of times defined in the labeling as the minimum recommended
dose. Detach the dry powder inhaler from the sampling apparatus, and disconnect the vacuum
tubing, D. Assay the contents of the apparatus for drug after rinsing the filter and the interior
of the apparatus with a suitable solvent. Where specified in individual monographs, perform this
test under conditions of controlled temperature and humidity.
Delivered-Dose Uniformity over the Entire Contents
The test for Delivered-Dose Uniformity over the Entire Contents is required for inhalers (e.g.,
metered-dose inhalers or dry powder inhalers) containing multiple doses of drug formulation
(e.g., solution, suspension, or dry powder) either in reservoirs or in premetered dosage units
(e.g., blisters), and for drug formulations packaged in reservoirs or in multiple-dose assemblies
of premetered dosage units that have a predetermined dose sequence, where these multipledose assemblies are labeled for use with a named inhalation device. The test for Delivered-Dose
Uniformity over the Entire Contents also ensures that multidose products supply the total
number of discharges stated on the label. Unless otherwise directed in the individual
monograph, the drug content of at least 9 of the 10 doses collected from one inhaler, in
accordance with the procedure below, are between 75% and 125% of the target-delivered
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dose, and none is outside the range of 65% to 135% of the target-delivered dose. If the
contents of not more than 3 doses are outside the range of 75% to 125%, but within the range
of 65% to 135% of the target-delivered dose, select 2 additional inhalers, and follow the
prescribed procedure for analyzing 10 doses from each. The requirements are met if not more
than 3 results, out of the 30 values, lie outside the range of 75% to 125% of the targetdelivered dose, and none is outside the range of 65% to 135% of the target-delivered dose.
METERED-DOSE INHALERS
Apparatus—Use Apparatus A as directed in Sampling the Delivered-Dose from Metered-Dose
Inhalers under Delivered-Dose Uniformity at a flow rate of 28.3 L of air per minute (±5%).
Procedure—A single dose is defined as the number of sprays specified in the product labeling
as the minimum recommended dose. Select a single metered-dose inhaler, and follow the
labeled instructions for priming, shaking, cleaning, and firing the inhaler throughout. Unless
otherwise prescribed in the patient instructions, shake the inhaler for 5 seconds, and fire one
minimum recommended dose to waste. Wait for 5 seconds, and collect the next dose. Detach
the inhaler from Apparatus A, and disconnect the vacuum. Assay the contents of the apparatus
for drug after rinsing the filter and the interior of the apparatus with a suitable solvent. Collect
two more doses, allowing at least 5 seconds between doses. Discharge the device to waste,
waiting for not less than 5 seconds between actuations (unless otherwise specified in the
individual monograph), until (n/2) + 1 minimum recommended doses remain, in which n is the
number of minimum recommended doses on the label. Collect four more doses, allowing at least
5 seconds between doses, unless otherwise specified in the individual monograph. Discharge
the device to waste, as before, until three doses remain. Collect the final three doses, allowing
at least 5 seconds between doses. Note that the rate of discharges to waste should not be
such to cause excessive canister cooling.
DRY POWDER INHALERS
Apparatus—Use Apparatus B as directed in Sampling the Delivered Dose from Dry Powder
Inhalers under Delivered-Dose Uniformity at the appropriate airflow rate for testing.
Procedure—Proceed as directed for Procedure in Sampling the Delivered Dose from Dry
Powder Inhalers under Delivered-Dose Uniformity. A single dose is defined as the number of
actuations stated in the product labeling as the minimum recommended dose. Select a single
inhaler and follow the labeled instructions for loading with powder, discharging and cleaning
throughout. Collect a total of 10 doses—three doses at the beginning, four in the middle [(n/2)
1 to (n/2) + 2, where n is the number of minimum recommended doses on the label], and
three at the end—of the labeled contents following the labeled instructions. Prior to collecting
each of the doses to be analyzed, clean the inhaler as directed in the labeling.
Particle Size
The particle or droplet size distribution in the spray discharged from metered-dose inhalers, and
the particle size distribution in the cloud discharged from dry powder inhalers, are important
characteristics used in judging inhaler performance. While particle size measurement by
microscopy can be used to evaluate the number of large particles, agglomerates, and foreign
particulates in the emissions of metered-dose inhalers (e.g., Epinephrine Bitartrate Inhalation
Aerosol), whenever possible this test should be replaced with a method to determine the
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aerodynamic size distribution of the drug aerosol leaving the inhaler. The aerodynamic size
distribution defines the manner in which an aerosol deposits during inhalation. When there is a
log-normal distribution, the aerodynamic size distribution may be characterized by the mass
median aerodynamic diameter (MMAD) and geometric standard deviation (GSD). The
aerodynamic size distribution of the drug leaving metered-dose and dry powder inhalers is
determined using Apparatus 1, 2, 3, 4, 5, or 6 as specified in this chapter. A fine particle dose
or fine particle fraction can also be determined as that portion of the inhaler output having an
aerodynamic diameter less than the size defined in the individual monograph. This may be
expected to correlate with the drug dose or that fraction of the drug dose that penetrates the
lung during inhalation. Individual monographs may also define the emitted fractions of the
delivered dose in more than one aerodynamic size range.
AERODYNAMIC SIZE DISTRIBUTION
Cascade impaction devices classify aerosol particles and droplets on the basis of those
particles' aerodynamic diameters. The principle of their operation, whereby they separate
aerosol particles and droplets from a moving airstream on the basis of particle or droplet inertia,
is shown in Figure 3.

Fig. 3. Schematic representation of the principle of operation of cascade impactors. (A single
jet per impactor stage is shown. Impactors with multiple jets in each stage function in the
same manner.)
Because the dimensions of the induction port used to connect inhalers to the cascade
impactors and impingers (shown in Apparatus 1, 2, 3, 4, 5, and 6) also define the mass of drug
that enters the aerodynamic sizing device, these are carefully defined and, where possible, are
held constant between each apparatus (see Figures 4, 6, 7, 8, and 9).

Fig. 4. Apparatus 1: Assembly of induction port and entrance cone mounted on cascade
impactor.
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Fig. 4a. Apparatus 1: Expanded view of induction port for use with metered-dose and dry
powder inhalers.

Fig. 4b. Apparatus 1: Expanded view of the entrance cone for mounting induction port on the
Andersen cascade impactor without preseparator. Material may be aluminum, stainless steel, or
other suitable material. Surface roughness (Ra) should be approximately 0.4 µm.

Fig. 5. Apparatus 2, 3, 4, or 5: General control equipment. (See Table 3 for component
specifications.)
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Fig. 6. Apparatus 2: Assembly of induction port, stage collector, and filter holder. (Marple-Miller
impactor, Model 160 with USP induction port.)

Fig. 7. Apparatus 3: Expanded views of top for the Andersen preseparator adapted to the USP
induction port. Material may be aluminum, stainless steel, or other suitable material; interior
bore should be polished to surface roughness (Ra) approximately 0.4 µm.

Fig. 8. Apparatus 4: Schematic of multistage liquid impinger. (See Table 4 for component
specifications.)
Because the size distributions produced by different impactors are often a function of impactor
design and the airflow rate through them, there is a need to standardize the instruments that
are used to test inhalers (i.e., Apparatus 1 or 6 for metered-dose inhalers) or to provide
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guidelines on system suitability where different apparatuses may be used (i.e., Apparatus 2, 3,
4, or 5 for dry powder inhalers).
Because of the varied nature of the formulations and devices being tested, the cascade
impaction system and technique selected for testing an inhaler should fulfill a number of
criteria.
Stage Mensuration—Manufacturers of cascade impaction devices provide a definitive calibration
for the separation characteristics of each impaction stage in terms of the relationship between
the stage collection efficiency and the aerodynamic diameter of particles and droplets passing
through it as an aerosol. Calibration is a property of the jet dimensions, the spatial arrangement
of the jet and its collection surface, and the airflow rate passing through it. Because jets can
corrode and wear over time, the critical dimensions of each stage, which define that impaction
stage's calibration, must be measured on a regular basis. This process, known as stage
mensuration, replaces the need for repetitive calibration (using standard aerosols) and ensures
that only devices that conform to specifications are used for testing inhaler output. The
process involves the measurement and adjustment of the critical dimensions of the instrument.
Interstage Drug Loss (wall losses)—Where method variations are possible and there is no
apparatus specified in the monograph, the selected technique should ensure that not more
than 5% of the inhaler's total delivered drug mass (into the impactor) is subject to loss
between the impaction device's sample collection surfaces. In the event that interstage drug
losses are known to be greater than 5%, either the procedure should be performed in such a
way that wall losses are included along with the associated collection plate, or an alternative
apparatus should be used. As an example, the following procedures described for Apparatus 1
and 3 have been written to include wall losses along with the associated collection plate.
Provided, however, that such losses are known to be less than or equal to 5% of the total
delivered drug mass into the impactor and that there are no instructions to the contrary in an
individual monograph, the technique may be simplified by only assaying drug on the collection
plates.
Re-Entrainment—Where method variations are possible, the selected technique should seek to
minimize particle re-entrainment (from an upper to a lower impaction stage) on stages that
contribute to size fractions defined in the individual monograph, especially where this may
affect the amounts of drug collected. Minimizing the number of sampled doses, the use of
coated particle collection surfaces, and proving that multiple-dose techniques produce
statistically similar results to those from smaller numbers of doses, are all methods that can be
used for this purpose. In the event that re-entrainment cannot be avoided, the number of
doses collected, the time interval between doses, and the total duration of airflow through the
cascade impaction device should be standardized. Under these circumstances, the presentation
of impaction data should not presume the validity of the impactor's calibration (i.e.,
aerodynamic diameter ranges should not be assigned to drug masses collected on specific
stages).
By using appropriate assay methods and a suitable mensurated impaction device, aerodynamic
particle size distributions can be determined for drugs leaving the mouthpieces of metered-dose
or dry powder inhalers. If temperature or humidity limits for use of the inhaler are stated on the
label, it may be necessary to control the temperature and humidity of the air surrounding and
passing through the device to conform to those limits. Ambient conditions are presumed, unless
otherwise specified in individual monographs.
Mass Balance—In addition to the size distribution, good analytical practice dictates that a
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mass-balance be performed in order to confirm that the amount of the drug discharged from
the inhaler, which is captured and measured in the induction port-cascade impactor apparatus,
is within an acceptable range around the expected value. The total mass of drug collected in all
of the components (material balance) divided by the total number of minimum recommended
doses discharged is not less than 75% and not more than 125% of the average minimum
recommended dose determined during testing for Delivered-Dose Uniformity. This is not a test
of the inhaler but serves to ensure that the test results are valid.
Use one of the multistage impaction devices shown below, or an equivalent, to determine
aerodynamic particle size distributions of drugs leaving the mouthpieces of metered-dose or dry
powder inhalers. Apparatus 1 and 6 [Figures 4 and 9 (without preseparator), respectively] are
intended for use with metered-dose inhalers at a single airflow rate. Apparatus 2, 3, 4, and 5
(Figures 6, 7, 8, and 9, respectively) are intended for use with dry powder inhalers at the
appropriate airflow rate, Qout, determined earlier, provided that the value of Qout falls in the
range 30–100 L per minute.
Note—If Qout is greater than 100 L per minute, testing should be performed with Qout set at 100
L per minute; if Qout is less than 30 L per minute, testing is performed with Qout at 30 L per
minute.
Apparatus 1 for Metered-Dose Inhalers—Use this apparatus, or an equivalent, at a flow rate
of 28.3 L per minute (±5%), as specified by the manufacturer of the cascade impactor.
Design—The design and assembly of this apparatus and the induction port to connect the
device to an inhaler are shown in Figures 4, 4a, and 4b1 .
Critical engineering dimensions applied by manufacturers to the stages of Apparatus 1 are
provided in Table 2. During use, some occlusion and blockage of jet nozzles may occur and
therefore, “in use” mensuration tolerances need to be justified.
Table 2. Critical Dimensions for the Jet Nozzles of
Apparatus 1
Stage #
Number of Jets
Nozzle Diameter (mm)
0
96
2.55 ± 0.025
1
96
1.89 ± 0.025
2
400
0.914 ± 0.0127
3
400
0.711 ± 0.0127
4
400
0.533 ± 0.0127
5
400
0.343 ± 0.0127
6
400
0.254 ± 0.0127
7
201
0.254 ± 0.0127
Procedure—Set up the multistage cascade impactor as described in the manufacturer's
literature with an after filter below the final stage to capture any fine particles that otherwise
would escape from the device. To ensure efficient particle capture, coat the particle collection
surface of each stage with glycerol, silicone oil, or other suitable liquid typically deposited from
a volatile solvent, unless it has been demonstrated to be unnecessary. Attach the induction
port and mouthpiece adapter to produce an airtight seal between the inhaler mouthpiece and
the induction port as shown in Figure 4. Use a mouthpiece adapter that ensures that the tip of
the inhaler mouthpiece is flush with the open end of the induction port. Ensure that the various
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stages of the cascade impactor are connected with airtight seals to prevent leaks. Turn on the
vacuum pump to draw air through the cascade impactor, and calibrate the airflow through the
system with an appropriate flowmeter attached to the open end of the induction port. Adjust
the flow-control valve on the vacuum pump to achieve steady flow through the system at the
required rate, and ensure that the airflow through the system is within ±5% of the flow rate
specified by the manufacturer. Unless otherwise prescribed in the patient instructions, shake
the inhaler for 5 seconds and discharge one delivery to waste. With the vacuum pump running,
insert the mouthpiece into the mouthpiece adapter and immediately fire the minimum
recommended dose into the cascade impactor. Keep the valve depressed for a duration
sufficient to ensure that the dose has been completely discharged. If additional sprays are
required for the sample, wait for 5 seconds before removing the inhaler from the mouthpiece
adapter, shake the inhaler, reinsert it into the mouthpiece adapter, and immediately fire the
next minimum recommended dose. Repeat until the required number of doses have been
discharged. The number of minimum recommended doses discharged must be sufficient to
ensure an accurate and precise determination of Aerodynamic Size Distribution. [Note—The
number of minimum recommended doses is typically not greater than 10. ] After the last dose
has been discharged, remove the inhaler from the mouthpiece adapter. Rinse the mouthpiece
adapter and induction port with a suitable solvent, and dilute quantitatively to an appropriate
volume. Disassemble the cascade impactor, place each stage and its associated collection
plate or filter in a separate container, and rinse the drug from each of them. [Note—If it has
been determined that wall losses in the impactor are less than or equal to 5%, then the
collection plates only may be used. ]
Dilute each quantitatively to an appropriate volume. Using the method of analysis specified in
the individual monograph, determine the mass of drug collected in each of the components. To
analyze the data, proceed as directed under Data Analysis.
Apparatus 2 for Dry Powder Inhalers—
Design—The design and assembly of Apparatus 2, and the induction port to connect the device
to an inhaler, are shown in Figure 6.2 [Note—The induction port is shown in detail in Figure 4a. ]
The impactor has five impaction stages and an after filter. At a volumetric airflow rate of 60 L
per minute (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Q n of Stages 1 to
5 are 10, 5, 2.5, 1.25, and 0.625 µm, respectively. The after filter effectively retains
aerosolized drug in the particle size range up to 0.625 µm. Set up the multistage cascade
impactor with the control system as specified in Figure 5. To ensure efficient particle capture,
coat the particle collection surface of each stage with glycerol, silicone oil, or other suitable
liquid typically deposited from a volatile solvent, unless it has been demonstrated to be
unnecessary. Assemble the impactor as described in the manufacturer's literature with an after
filter below the final stage to capture any fine particles that otherwise would escape from the
device. Attach the induction port and mouthpiece adapter to produce an airtight seal between
the inhaler mouthpiece and the induction port. Use a mouthpiece adapter that ensures that the
tip of the inhaler mouthpiece is flush with the open end of the induction port. Ensure that the
various stages of the cascade impactor are connected with airtight seals to prevent leaks.
Turn on the vacuum pump, open the solenoid valve, and calibrate the airflow through the
system as follows. Connect a flowmeter to the induction port. Use a flowmeter calibrated for
the volumetric flow leaving the meter to directly determine Qout, or, if such a meter is
unobtainable, calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. For
example, for a meter calibrated for the entering volumetric flow (Qin), use the formula:
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Qout = QinP0 /(P0 – DP)
where P0 is the atmospheric pressure and DP is the pressure drop over the meter. Adjust the
flow-control valve to achieve a steady flow through the system at the required rate, Qout, so
that Qout is within ±5% of the value determined during testing for Delivered-Dose Uniformity.
Ensure that critical flow occurs in the flow-control valve, at the airflow rate to be used during
testing, by using the following procedure. With the inhaler in place, and the intended flow
running, measure the absolute pressure on both sides of the flow-control valve (P2 and P3 in
Figure 5). A ratio of P3/P2 0.5 indicates critical flow. Switch to a more powerful pump, and
remeasure the test flow rate if P3/P2 > 0.5. Adjust the timer controlling the operation of the
two-way solenoid valve so that it opens this valve for a duration of T seconds as determined
during testing for Delivered-Dose Uniformity. Prime or load the dry powder inhaler with powder
for inhalation according to the labeled instructions. With the vacuum pump running and the
two-way solenoid valve closed, insert the inhaler mouthpiece, held horizontally, into the
induction port mouthpiece adapter. Discharge the powder into the apparatus by opening the
two-way solenoid valve for a duration of T seconds. After the two-way solenoid valve has
closed, remove the inhaler from the mouthpiece adapter. If additional doses are required for the
sample, reload the inhaler according to the labeled instructions, reinsert the mouthpiece into
the mouthpiece adapter, and repeat the operation until the required number of doses have
been discharged. After discharge of the last dose, switch off the vacuum pump.
Rinse the mouthpiece adapter and induction port with a suitable solvent, and quantitatively
dilute to an appropriate volume. Disassemble the cascade impactor, and place the after filter in
a separate container. Rinse the drug from each of the stages and the filter, and quantitatively
dilute each to an appropriate volume. Using the method of analysis specified in the individual
monograph, determine the mass of drug collected in each of the components. Determine the
cutoff diameters of each of the individual stages of the impactor, at the value of Q = Qout
employed in the test by the formula:
D50,Q = D50,Q n(Qn/Q)½, (Eq. 1)
where D50,Q is the cutoff diameter at the flow rate, Q, employed in the test, and the subscript,
n, refers to the nominal values determined when Qn equals 60 L per minute. Thus, when Q
equals 40 L per minute, the cutoff diameter of Stage 2 is given by the formula:
D50,40LPM = 5 µm × [60/40]1/2 = 6.1 µm.
General Procedure—Perform the test using Apparatus 2 at the airflow rate, Qout determined
earlier, during testing for Delivered-Dose Uniformity, provided Qout is less than or equal to 100 L
per minute. [Note—If Qout is greater than 100 L per minute, use an airflow rate of 100 L per
minute. ] Connect the apparatus to a flow control system that is based upon critical (sonic)
flow as specified in Figure 5 (see also Table 3).
Code
A

Table 3. Component Specifications for Figure 5
Item
Description
Dimensions
Connector
(e.g., short
8-mm ID
metal coupling
with low
diameter
branch to P3)
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B

Vacuum
tubing

C

Two-way
solenoid
valvea
Vacuum
pumpb

D

E

Timerc
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(e.g., silicon
A length of suitable tubing 8 mm ID with an internal
tubing with an volume of 25 ± 5 mL.
outside
diameter of 14
mm and an
internal
diameter of 8
mm)
See Fig. 5
2-way, 2-port solenoid valve having an ID 8 mm
and an opening response time of 100 milliseconds.
See Fig. 5

See Fig. 5

P2, P3 Pressure
measurements
F
Flow control See Fig. 5
valved

Pump must be capable of drawing the required flow
rate through the assembled apparatus with the dry
powder inhaler in the mouthpiece adapter. Connect
the pump to the solenoid valve using short and wide
( 10-mm ID) vacuum tubing and connectors to
minimize pump capacity requirements.
The timer switches current directly to the solenoid
valve for the required duration.
Determine under steady-state flow conditions with an
absolute pressure transducer.
Adjustable regulating valve with maximum Cv

1.

a An example being ASCO product number 8030G13 (Automatic Switch Company, 60 Hanover
Road, Florham Park, NJ 07932) or equivalent. See also Footnote h in Table 1.
b Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton Harbor,
MI 49022) or equivalent.
c An example being Eaton Product number 45610-400 (Eaton Corporation, Automotive
Products Division, 901 South 12th Street, Watertown, WI 53094) or equivalent.
d Parker Hannifin type 8FV12LNSS, or equivalent (Parker Hannifin plc, Riverside Road,
Barnstable, Devon EX31 1NP, UK). See also Footnote h in Table 1.
Table 4. Component Units of Multistage Liquid Impinger (see Figure 8)
Item
Description
Dimensions2

Code1
A,H
Jet tube Metal tube screwed onto partition wall sealed by
gasket (C), polished inner surface
B,G
Partition Circular metal plate, diameter
wall
Thickness
C
Gasket
e.g., PTFE
D
Impaction Porosity O sintered-glass disk,
plate
Diameter
E
Glass
Plane polished cut glass tube
cylinder
Height, including gaskets
Outer diameter
Wall thickness

see Figure 8a
120
see Figure 8a
to fit jet tube

see Figure 8a

46
100
3.5
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J

Metal
frame

K

Wire

L

Sleeve

M
N

Gasket
Bolt

P
Q
R

O-ring
O-ring
Filter
holder
Filter
support

S

T
U
V
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Sampling port (F) diameter
Stopper in sampling port
l-profiled circular frame with slit

18
ISO 24/25

Inner diameter
Height
Thickness of horizontal section
Thickness of vertical section
Steel wire interconnecting metal frame and sleeve
(two for each frame)
Diameter
Metal sleeve secured on jet tube by screw
Inner diameter
Height
Thickness
e.g., silicone
Metal bolt with nut (six pairs), length
Diameter
Rubber O-ring, diameter × thickness
Rubber O-ring, diameter × thickness
Metal housing with stand and outlet

to fit impaction plate
4
0.5
2

Perforated sheet metal, diameter

65

Hole diameter
Distance between holes (center-points)

3
4

Snaplocks
Multi-jet Jet tube (H) ending in multijet arrangement
tube
Outlet
Outlet and nozzle for connection to vacuum

1 See Fig. 8.
2 Measurements in mm unless otherwise stated.

1
to fit jet tube
6
5
to fit glass cylinder
205
4
66.34 × 2.62
29.1 × 1.6
see Figure 8b

see inserts Figure 8a
Internal diameter
10 (Figure 8b)
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Fig. 8a. Apparatus 4: Details of jet tube and impaction plate. Inserts show end of multi-jet tube
U leading to Stage 4. (See Table 5 for dimension specifications.)

Fig. 8b. Apparatus 4: Expanded view of Stage 5. (See Table 4 for component specifications.)
Table 5. Apparatus 4: Dimensions1 of Jet Tube with Impaction Plate (see Fig. 8a).
Filter
Stage
Stage
(Stage
Type
Code2
Stage 1
Stage 2
3
4
5)
Distance
1
n.a.
9.5 ( .0, +.5)
5.5 ( .0, +.5) 4.0 ( .0, 6.0 ( .0,
+.5)
+.5)
Distance
2
26
31
33
30.5
0
Distance
3
8
5
5
5
5
Distance
4
3
3
3
3
n.a.
Distance
5
0
3
3
3
3
3
Distance
20
25
25
25
25
6
Distance
7
n.a.
n.a.
n.a.
8.5
n.a.
Diameter
c
25
14
8.0(±0.1)
21
14
Diameter
d
50
30
20
30
n.a.
Diameter
e
27.9
16.5
10.5
23.9
n.a.
Diameter
f
22
14
31
22
31.75 ( .05, +.00)
Diameter
Diameter

g
h

25.4
n.a.

21
n.a.

13
n.a.

30
2.70
(±.05)
6.3
12.6
28.5
46
50

21
n.a.

Diameter
Diameter
Radius4
Radius4
Radius4
Angle

j
k
r
s
t
w

n.a.
n.a.
16
46
n.a.

n.a.
n.a.
22
46
50

n.a.
n.a.
27
46
50

Angle

u

10
n.a.

53
n.a.

53
n.a.

53
45

53
n.a.

Angle

v

n.a.

n.a.

n.a.

60

n.a.

n.a.
n.a.
0
n.a.
50
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1 Measurements in mm with tolerances according to ISO
2768-m, unless otherwise stated.
2 See Fig. 8a.
3 Including gasket.
4 Relative centerline of stage compartment.
n.a.: not applicable.

Under steady flow conditions, at the appropriate volumetric airflow rate through the entire
apparatus, ensure that critical (sonic) flow occurs in the flow control valve by determining the
individual values for absolute pressure, P2 and P3, so that their ratio P3/P2 is less than or equal
to 0.5. Coat the particle collection surface of each of the stages of the cascade impactor to
ensure that particles that have impacted on a given stage are not re-entrained in the flowing
airstream, unless this has been shown to be unnecessary. Analyze the data as directed under
Data Analysis.
Apparatus 3 for Dry Powder Inhalers—
Design—Apparatus 3 is identical to Apparatus 1 (Figure 4), except that the manufacturer's
preseparator is added atop Stage 0 to collect large masses of noninhalable powder prior to their
entry into the impactor, and the outlet nipple, used to connect to vacuum tubing B (Figure 5),
is replaced with one having an internal diameter 8 mm. To connect the preseparator of the
impactor to the induction port (Figure 4a), a specially designed top for the preseparator must
be used. This is shown in Figure 7.3 The impactor, therefore, has eight stages, a preseparator
(to collect large particulates), and an after filter. At a volumetric airflow rate of 28.3 L per
minute (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Q n of Stages 0 to 7
are 9.0, 5.8, 4.7, 3.3, 2.1, 1.1, 0.7, and 0.4 µm, respectively. The after filter effectively retains
aerosolized drug in the particle size range up to 0.4 µm. Connect the cascade impactor into the
control system specified in Figure 5. Omit Stage 6 and Stage 7 from the impactor if the test
flow rate, Qout, used during testing for Delivered-Dose Uniformity was greater than or equal to
60 L per minute. To ensure efficient particle capture, coat the particle collection surface of
each stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Assemble the impactor as
described in the manufacturer's literature with an after filter below the final stage to capture
any fine particles that otherwise would escape from the device. Place an appropriate volume
(up to 10 mL) of an appropriate solvent into the preseparator, or coat the particle collection
surfaces of the preseparator to prevent re-entrainment of impacted particles. [Caution—Some
solvents form flammable vapor-air mixtures that may be ignited during passage through a
vacuum pump. Take appropriate precautions (alternative solvents, use of vapor traps, minimal
pump operating times, etc.) to ensure operator safety during testing. ] Attach a molded
mouthpiece adapter to the end of the induction port to produce an airtight seal between the
inhaler mouthpiece and the induction port. Use a mouthpiece adapter that ensures that the tip
of the inhaler mouthpiece is flush with the open end of the induction port. Ensure that the
various stages of the cascade impactor are connected with airtight seals to prevent leaks.
Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow through
the system as follows. Prime or load the dry powder inhaler with powder for inhalation according
to the labeled instructions. With the vacuum pump running and the two-way solenoid valve
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closed, insert the inhaler mouthpiece, held horizontally, into the induction port mouthpiece
adapter. Once the inhaler is positioned, discharge the powder into the apparatus by activating
the timer and opening the two-way solenoid valve for the required duration, T ± 5%, as
determined during testing for Delivered-Dose Uniformity. After the two-way solenoid valve has
closed, remove the inhaler from the mouthpiece adapter. If additional doses are required for the
sample, reload the inhaler according to the labeled instructions, reinsert the mouthpiece into
the mouthpiece adapter, and repeat the operation until the required number of doses have
been discharged. After discharge of the last dose, remove the inhaler from the mouthpiece
adapter, and switch off the vacuum pump.
Carefully disassemble the apparatus. Using a suitable solvent, rinse the drug from the
mouthpiece adapter, induction port, and preseparator, and quantitatively dilute to an
appropriate volume. Rinse the drug from each stage, and the impaction plate immediately
below, into appropriately sized flasks. Quantitatively dilute each flask to an appropriate volume.
Using the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the samples. The aerodynamic cutoff diameters of the individual stages of
this device, in the airflow range between 30 and 100 L per minute, are currently not well
established. Do not use the formula in Equation 1 to calculate cutoff diameters.
Procedure—Proceed as directed in the General Procedure under Apparatus 2, except to use
Apparatus 3.
Apparatus 4 for Dry Powder Inhalers—
Note—Apparatus 4, the multistage liquid impinger, has a small number of stages and is used
extensively outside the USA. It is provided here for the benefit of users in countries other than
the USA.
Design—The design and assembly of Apparatus 4 are shown in Figs. 8, 8a, and 8b.4 The
induction port, used to connect the device to an inhaler, is shown in Fig. 4a. The device is a
multi-stage liquid impinger consisting of impaction Stages 1, 2, 3, and 4 and an integral after
filter (Stage 5). The collection stages of the liquid impinger (see Fig. 8 and Table 4) are kept
moist, unlike those of traditional impactors, such as Apparatus 1, 2, 3, 5, and 6; wetting may
produce an effect similar to coating the stages of Apparatus 2, 3, 5, and 6 at certain flow
rates, although this should be confirmed by demonstrating control over re-entrainment as
described earlier. An impaction stage comprises an upper horizontal metal partition wall (B)
through which a metal inlet jet tube (A) with its impaction plate (D) is protruding; a glass
cylinder (E) with sampling port (F), forming the vertical wall of the stage; and a lower
horizontal metal partition wall (G) through which a jet tube (H) connects to the lower stage.
The tube into Stage 4 (U) ends in a multi-jet arrangement. The impaction plate (D) is secured
in a metal frame (J), which is fastened by two wires (K) to a sleeve (L) secured on the jet tube
(C). For more detail of the jet tube and impaction plate, see Fig. 8a. The horizontal plane of
the collection plate is perpendicular to the axis of the jet tube and centrally aligned. The upper
surface of the impaction plate is slightly raised above the edge of the metal frame. A recess
around the perimeter of the horizontal partition wall guides the position of the glass cylinder.
The glass cylinders are sealed against the horizontal partition walls with gaskets (M) and
clamped together by six bolts (N). The sampling ports are sealed by stoppers. The bottom side
of the lower partition wall of Stage 4 has a concentric protrusion fitted with a rubber O-ring (P)
that seals against the edge of a filter placed in the filter holder. The filter holder (R) is a basin
with a concentric recess in which a perforated filter support (S) is flush-fitted. The filter holder
is designed for 76-mm diameter filters. The whole impaction stage assembly is clamped onto the
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filter holder by two snap locks (T). The impinger is equipped with an induction port (Fig. 4a)
that fits onto the Stage 1 inlet jet tube. A rubber O-ring on the jet tube provides an airtight
connection to the induction port. An elastomeric mouthpiece adapter to fit the inhaler being
tested provides an airtight seal between the inhaler and the induction port.
At a volumetric airflow rate of 60 L per minute (the nominal flow rate, Qn), the cutoff
aerodynamic diameters D50,Q n of Stages 1 to 4 are 13.0, 6.8, 3.1, and 1.7 µm, respectively.
The after filter effectively retains aerosolized drug in the particle size range up to 1.7 µm.
Ensure that Apparatus 4 is clean and free of drug solution from any previous tests. Place a 76mm diameter filter in the filter stage, and assemble the apparatus. Use a low pressure filter
capable of quantitatively collecting the passing drug aerosol, which also allows a quantitative
recovery of the collected drug. Set up Apparatus 4 using the control system as specified in
Figure 5. Attach the induction port (Figure 4a) and mouthpiece adapter to produce an airtight
seal between the inhaler mouthpiece and the induction port. Use a mouthpiece adapter that
ensures that the tip of the inhaler mouthpiece is flush with the open end of the induction port.
Ensure that the various stages of the apparatus are connected with airtight seals to prevent
leaks. Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow
through the system as follows. Connect a flowmeter, calibrated for the volumetric flow rate
leaving the meter, to the induction port. Adjust the flow-control valve to achieve a steady flow
through the system at the required rate, Qout, so that Qout is within ±5% of the value
determined during testing for Delivered-Dose Uniformity. Ensure that critical flow occurs in the
flow-control valve, at the value of Qout to be used during testing, using the following
procedure. With the inhaler in place, and the intended flow running, measure the absolute
pressure on both sides of the flow-control valve (P2 and P3 in Figure 5). A ratio of P3/P2 0.5
indicates critical flow. Switch to a more powerful pump, and remeasure the test flow rate if
P3/P2 > 0.5. Adjust the timer controlling the operation of the two-way solenoid valve so that it
opens that valve for the same duration, T, as used during testing for Delivered-Dose
Uniformity. Dispense 20 mL of a solvent, capable of dissolving the drug, into each of the four
upper stages of Apparatus 4, and replace the stoppers. [Caution—Some solvents form
flammable vapor-air mixtures that may be ignited during passage through a vacuum pump. Take
appropriate precautions (alternative solvents, use of vapor traps, minimal pump operating
times, etc.) to ensure operator safety during testing. ] Tilt the apparatus to wet the stoppers,
thereby neutralizing their electrostatic charge. Adjust the timer controlling the operation of the
two-way solenoid valve so that it opens the valve for the same duration, T, as used during
testing for Delivered-Dose Uniformity. Prime or load the dry powder inhaler with powder for
inhalation according to the labeled instructions. With the vacuum pump running and the twoway solenoid valve closed, insert the inhaler mouthpiece, held horizontally, into the induction
port mouthpiece adapter. Discharge the powder into the apparatus by activating the timer and
opening the two-way solenoid valve for the required duration, T ± 5%. After the two-way
solenoid valve has closed, remove the inhaler from the mouthpiece adapter. If additional doses
are required for the sample, reload the inhaler according to the labeled instructions, reinsert the
mouthpiece into the mouthpiece adapter, and repeat the operation until the required number of
doses have been discharged. After discharge of the last dose, switch off the vacuum pump.
Dismantle the filter stage of Apparatus 4. Carefully remove the filter, and extract the drug with
solvent. Rinse the mouthpiece adapter and induction port with a suitable solvent, and
quantitatively dilute to an appropriate volume. Rinse the inside of the inlet jet tube to Stage 1
(Figure 8), allowing the solvent to flow into the stage. Rinse the drug from the inner walls and
the collection plate of each of the four upper stages of the apparatus, into the solution in the
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respective stage, by tilting and rotating the apparatus, while ensuring that no liquid transfer
occurs between the stages. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the six volumes of solvent. Ensure that the
method corrects for possible evaporation of the solvent during the test. This may involve the
use of an internal standard (of known original concentration in the solvent and assayed at the
same time as the drug) or the quantitative transfer of the liquid contents from each of the
stages, followed by dilution to a known volume. Determine the cutoff diameters of each of the
individual stages of the impactor, at the value of Q = Qout employed in the test by the formula:
D50,Q = D50,Q n (Qn/Q)1/2
where D50,Q is the cutoff diameter at the flow rate, Q, employed in the test, and the subscript,
n, refers to the nominal values determined when Qn equals 60 L of air per minute. Thus, when Q
equals 40 L of air per minute, the cutoff diameter of Stage 2 is given by the formula:
D50,40LPM = 6.8 µm × (60/40)1/2 = 8.3 µm.
Procedure—Proceed as directed in the General Procedure under Apparatus 2, except to use
Apparatus 4.
Apparatus 5 for Dry Powder Inhalers—
Design—The design and assembly of Apparatus 55 are shown in Figures 9, 9a, 9b, 9c, and 9d.
The induction port, used to connect the device to an inhaler, is shown in Figure 4a. The device
is a cascade impactor with seven stages and a micro-orifice collector (MOC). Over the design
flow-rate range of 30 to 100 L per minute, the 50% efficiency cut-off diameters of the stages
(D50 values) range between 0.24 µm to 11.7 µm, evenly spaced on a logarithmic scale. In the
design flow-rate range, there are always at least five stages with D50 values between 0.5 µm
and 6.5 µm. The collection efficiency curves for each stage are sharp and minimize overlap
between stages. Material may be aluminum, stainless steel, or other suitable material.
The impactor layout has removable impaction cups with all the cups in one plane (Figures
9–9c). There are three main sections to the impactor: the bottom frame that holds the
impaction cups, the seal body that holds the jets, and the lid that contains the interstage
passageways (shown in Figures 9–9b). Multiple nozzles are used at all but the first stage
(Figure 9c). The flow passes through the impactor in a saw-tooth pattern.
Stage mensuration is performed periodically together with confirmation of other dimensions
critical to the effective operation of the impactor. Critical dimensions are provided below in
Table 6.
Table 6. Critical Dimensions for Apparatus 5 and 6
Description
Dimension (mm)
Preseparator (dimension a—see Figure 9d)
12.80 ± 0.05
1
14.30 ± 0.05
Stage 1 Nozzle diameter
4.88 ± 0.04
Stage 21 Nozzle diameter
2.185 ± 0.02
Stage 31 Nozzle diameter
1.207 ± 0.01
Stage 41 Nozzle diameter
1
0.608 ± 0.01
Stage 5 Nozzle diameter
0.323 ± 0.01
Stage 61 Nozzle diameter
0.206 ± 0.01
Stage 71 Nozzle diameter
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MOC 1
Cup Depth (Dimension b—see Figure 9b)
Collection cup surface roughness
Stage 1 Nozzle to seal body distance2 —dimension c
Stage 2 Nozzle to seal body distance2 —dimension c
Stage 3 Nozzle to seal body distance2 —dimension c
Stage 4 Nozzle to seal body distance2 —dimension c
Stage 5 Nozzle to seal body distance2 —dimension c
Stage 6 Nozzle to seal body distance2 —dimension c
Stage 7 Nozzle to seal body distance2 —dimension c
MOC Nozzle to seal body distance2 —dimension c
1 See Figure 9c.
2 See Figure 9b.
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approximately 0.070
14.625 ± 0.10
0.5 to 2 µm
0 ± 1.18
5.236 ± 0.736
8.445 ± 0.410
11.379 ± 0.237
13.176 ± 0.341
13.999 ± 0.071
14.000 ± 0.071
14.429 – 14.571

In routine operation, the seal body and lid are held together as a single assembly. The
impaction cups are accessible when this assembly is opened at the end of an inhaler test. The
cups are held in a support tray, so that all cups can be removed from the impactor
simultaneously by lifting out the tray.
An induction port with internal dimensions identical to those defined in Figure 4a is connected
to the impactor inlet. When necessary, with dry powder inhalers, a preseparator can be added
to avoid overloading the first stage. This preseparator connects between the induction port
and the impactor. A suitable mouthpiece adapter is used to provide an airtight seal between
the inhaler and the induction port.
At a volumetric airflow rate of 60 L per minute (the assigned reference flow rate for cutoffdiameter calculations, Qn), the cutoff-aerodynamic diameters D50,Q n of Stages 1 to 7 are 8.06,
4.46, 2.82, 1.66, 0.94, 0.55 and 0.34 µm, respectively. The apparatus contains a terminal
micro-orifice collector (MOC) that for most formulations may eliminate the need for a final filter
as determined by method validation. The MOC is an impactor nozzle plate and collection cup.
The nozzle plate contains, nominally, 4032 jets, each approximately 70 µm in diameter. Most
particles not captured on Stage 7 of the impactor will be captured on the cup surface below
the MOC. (For impactors operated at 60 L per minute, the MOC is capable of collecting 80% of
0.14-µm particles). For formulations with a significant fraction of particles not captured by the
MOC, there is an optional filter holder that can replace the MOC or be placed downstream of
the MOC containing a suitable after-filter (glass fiber is often suitable).
Procedure—Assemble the apparatus with the preseparator (Figure 9d), unless experiments have
shown that its omission does not result in increased interstage drug losses (>5%) or particle
re-entrainment, in which case the preseparator may be omitted.
Place cups into the apertures in the cup tray. To ensure efficient particle capture, coat the
particle collection surface of each stage with glycerol, silicone oil, or other suitable liquid
typically deposited from a volatile solvent, unless it has been demonstrated to be unnecessary.
Insert the cup tray into the bottom frame, and lower into place. Close the impactor lid with the
seal body attached, and operate the handle to lock the impactor together so that the system
is airtight.
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The preseparator may be assembled as follows: assemble the preseparator insert into the
preseparator base; fit the preseparator base to the impactor inlet; add 15 mL of the solvent
used for sample recovery to the central cup of the preseparator insert; place the preseparator
body on top of this assembly; and close the two catches. [Caution—Some solvents form
flammable vapor-air mixtures that may be ignited during passage through a vacuum pump. Take
appropriate precautions (e.g., alternative solvents, use of vapor traps, minimal pump operating
times, etc.) to ensure operator safety during testing. ]
Connect an induction port with internal dimensions as defined in Figure 4a either to the
impactor inlet or to the preseparator inlet atop the cascade impactor (Figure 9d). Place a
suitable mouthpiece adapter in position at the end of the induction port so that the mouthpiece
end of the inhaler, when inserted, lines up along the horizontal axis of the induction port. The
front face of the inhaler mouthpiece is flush with the front face of the induction port, producing
an airtight seal. When attached to the mouthpiece adapter, the inhaler should be positioned in
the same orientation as intended for use. Connect the apparatus to a flow system according to
the scheme specified in Figure 5.
Unless otherwise prescribed, conduct the test at the flow rate used in the test for DeliveredDose Uniformity drawing 4 L of air from the mouthpiece of the inhaler and through the
apparatus. Connect a flowmeter to the induction port. Use a flowmeter calibrated for the
volumetric flow leaving the meter, or calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For a meter calibrated for the entering volumetric flow (Qin), use the
formula:
Qout = QinP0 /(P0 – DP)
where P0 is the atmospheric pressure and DP is the pressure drop over the meter. Adjust the
flow control valve to achieve steady flow through the system at the required rate, Qout (±5%).
Ensure that critical flow occurs in the flow-control valve by the procedure described for
Apparatus 2. Adjust the timer controlling the operation of the two-way solenoid valve so that it
opens the valve for the same duration, T, as used during testing for Delivered-Dose Uniformity.
Prime or load the dry powder inhaler with powder for inhalation according to the labeled
instructions. With the vacuum pump running and the two-way solenoid valve closed, insert the
inhaler mouthpiece, held horizontally, into the induction port mouthpiece adapter. Discharge the
powder into the apparatus by activating the timer and opening the two-way solenoid valve for
the required duration, T(±5%). After the two-way solenoid valve has closed, remove the
inhaler from the mouthpiece adapter. If additional doses are required for the sample, reload the
inhaler according to the labeled instructions, reinsert the mouthpiece into the mouthpiece
adapter, and repeat the operation until the required number of doses have been discharged.
After discharge of the last dose, switch off the vacuum pump.
Dismantle the apparatus, and recover drug for analysis as follows: remove the induction port
and mouthpiece adapter from the preseparator and extract the drug into an aliquot of solvent;
if used, remove the preseparator from the impactor, without spilling the solvent into the
impactor; and recover the active ingredient from all inner surfaces.
Open the impactor by releasing the handle and lifting the lid. Remove the cup tray, with the
collection cups, and recover the active ingredient from each cup into an aliquot of solvent.
Using the method of analysis specified in the individual monograph, determine the mass of drug
contained in each of the aliquots of solvent.
Determine the cutoff diameters of each of the individual stages of the impactor, at the value of
Q = Qout employed in the test by the formula:
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D50,Q = D50,Q n (Qn/Q)X , (Eq. 2)
where D50,Q is the cutoff diameter at the flow rate, Qemployed in the test, and the subscript,
n, refers to the nominal or reference value for Qn = 60 L of air per minute (see Table 7). The
values for the exponent, x, are listed in Table 7. Thus, when Q = 40 L of air per minute, the
cutoff diameter of Stage 2 is given by the formula:
D50,40LPM = 4.46 µm × (60/40)0.52 = 5.51 µm.
Analyze the data as directed under Data Analysis.
Table 7. Cutoff Aerodynamic Diameter for Stages of
Apparatus 5 and 6
Use Eq. 2 to calculate D50,Q for flow rates, Q, in the range 30 to 100 L per minute with
Qn = 60 L per minute.
Stage

D50,Qn

x

1
2
3
4
5
6
7

8.06
4.46
2.82
1.66
0.94
0.55
0.34

0.54
0.52
0.50
0.47
0.53
0.60
0.67

Fig. 9. Apparatus 5 (shown with the preseparator in place).
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Fig. 9a. Components of Apparatus 5.

Fig. 9b. Layout of interstage passageways of Apparatus 5.

Fig. 9c. Nozzle configuration of Apparatus 5.

Fig. 9d. Pre-separator layout for Apparatus 5.
Apparatus 6 for Metered-Dose Inhalers—
Design—Apparatus 6 is identical to Apparatus 5 (Figures 9-9d), except that the preseparator is
not to be used. Use this apparatus at a flow rate of 30 L per minute (±5%), unless otherwise
prescribed in the individual monograph.
Procedure—Assemble the apparatus without the preseparator. Place cups into the apertures in
the cup tray. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Insert the cup tray into the
bottom frame, and lower into place. Close the impactor lid with seal body attached, and
operate the handle to lock the impactor together so that the system is airtight. Connect an
induction port with internal dimensions as defined in Figure 4a to the impactor inlet. Use a
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mouthpiece adapter that ensures that the tip of the inhaler mouthpiece is flush with the open
end of the induction port. Turn on the vacuum pump to draw air through the cascade impactor,
and calibrate the airflow through the system with an appropriate flowmeter attached to the
open end of the induction port. Adjust the flow-control valve on the vacuum pump to achieve
steady flow through the system at the required rate, and ensure that the airflow through the
system is within ±5% of this flow rate. Unless otherwise prescribed in the patient instructions,
shake the inhaler for 5 seconds, and discharge one delivery to waste. With the vacuum pump
running, insert the mouthpiece into the mouthpiece adapter, and immediately fire the minimum
recommended dose into the cascade impactor. Keep the valve depressed for a duration
sufficient to ensure that the dose has been completely discharged. If additional sprays are
required for the sample, shake the inhaler, reinsert it into the mouthpiece adapter, and
immediately fire the next minimum recommended dose.
Repeat until the required number of doses have been discharged. The number of minimum
recommended doses discharged must be sufficient to ensure an accurate and precise
determination of Aerodynamic Size Distribution. [Note—The number of minimum recommended
doses is typically not greater than 10. ] After the last dose has been discharged, remove the
inhaler from the mouthpiece adapter. Rinse the mouthpiece adapter and induction port with a
suitable solvent, and dilute quantitatively to an appropriate volume.
Dismantle the apparatus, and recover the drug for analysis as follows: remove the induction
port and mouthpiece adapter from the apparatus, and recover the deposited drug into an
aliquot of solvent; open the impactor by releasing the handle and lifting the lid; remove the cup
tray, with the collection cups; and extract the active ingredient in each cup into an aliquot of
solvent. Using the method of analysis specified in the individual monograph, determine the
quantity of active ingredient contained in each of the aliquots of solvent.
Determine the cutoff diameters of each of the individual stages of the impactor, at the value of
Q employed in the test by using Eq. 2 with values obtained from Table 7. Thus, when Q = 30 L
of air per minute, the cutoff diameter of Stage 2 is given by the formula:
D50,30LPM = 4.46 µm × (60/30)0.52 = 6.40 µm.
To analyze the data, proceed as directed under Data Analysis.
Data Analysis
This section describes the data analysis required to define the Aerodynamic Size Distribution of
the drug output from the test inhaler, after the use of Apparatus 1, 2, 3, 4, 5, or 6. Enter the
data collected from Apparatus 1, 2, 3, 4, 5, or 6 in the table of mass summaries as shown in
Table 8. Perform only those calculations specified in the individual monograph.
Table 8. Table of Mass Summaries for Analyses of Metered-Dose Inhalers and Dry
Powder Inhalers
Mass

Apparatus
1

Apparatus
2

Apparatus
3a

Apparatus
4b

Apparatus
5d

Apparatus 6d

Mouthpiece adapter

Ai

—

A iA i

—

Ai

—

Ai

—

Ai

—

Ai

—

Preseparator

—

—

—

—

AP

—

—

—

AP

—

—

—

Stage 0 of impactor

A0

B0

—

—

A0

B0

—

—

—

—

—

—

Stage 1 of
impactor/impinger
Stage 2 of
impactor/impinger

A1

B1

A1

—

A1

B1

A1

—

A1

B1

A1

B1

A2

B2

A2

B2

A2

B2

A2

B2

A2

B2

A2

B2
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Stage 3 of
impactor/impinger
Stage 4 of
impactor/impinger
Stage 5 of
impactor/impinger
Stage 6 of
impactor/impinger
Stage 7 of
impactor/impinger
Filter

A3

B3

A3

B3

A3

B3

A3

B3

A3

B3

A3

B3

A4

B4

A4

B4

A4

B4

A4

B4

A4

B4

A4

B4

A5

B5

A5

B5

A5

B5

—

—

A5

B5

A5

B5

A6

B6

—

—

A6

B6

—

—

A6

B6

A6

B6

A7

B7

—

—

A7

B7

—

—

A7

B7

A7

B7

AF

BF

AF

BF

AF

BF

AF

BF

AF

BF

AF

BF

Sums of Masses

SA c

S Bc

SA c

S Bc

SA c

S Bc

SA c

S Bc

SA c

S Bc

SA c

S Bc

a Stages 6 and 7 are omitted from Apparatus 3 at airflow rates >60 L per minute.
b Stage 5 of Apparatus 4 is the filter stage (see Figure 8).
c S A is the total drug mass recovered from the apparatus; S B is the mass of drug recovered from the impactor (Apparatus 1, 3,
5 and 6) or from the impactor stages beneath the uppermost stage (Apparatus 2 and 4).
d For Apparatus 5 and 6, values for the drug masses A F and BF refer to collections from the MO C, and/or the after-filter if used.

CALCULATIONS
Fine Particle Dose and Fine Particle Fraction—Calculate the total mass, SA, of drug
delivered from the mouthpiece of the inhaler into the apparatus. Then calculate the total mass,
R, of drug found on the stages of the apparatus and the filter that captured the drug in the
fine particle size range appropriate for the particular drug being tested. The Fine Particle Dose
is calculated by the formula:
R/n
where R is as stated above, and n is the number of doses discharged during the test. The Fine
Particle Fraction that would be delivered from the inhaler is then calculated by the formula:
R/SA.
Cumulative Percentage (Cum%) of Drug Mass Less Than Stated Aerodynamic Diameter
—Construct Table 9 by dividing the mass of drug on the filter stage by SB (see Table 8).
Multiply the quotient by 100, and enter this number as a percentage opposite the effective
cutoff diameter of the stage immediately above it in the impactor or impinger stack. For
Apparatus 2 or 4, use Equation 1 to calculate the stage cutoff diameters, D50,Q , at the airflow
rate, Q, employed during the test. For Apparatus 5 and 6, use Equation 2 with Table 7. For
Apparatus 1, use the cutoff diameters quoted by the manufacturer. For Apparatus 3, present
the data as cumulative percentages of mass on and below the stated stage, and avoid
assigning values to stage cutoff diameters.
Repeat the calculation for each of the stages in the impactor or impinger stack, in reverse
numerical order (largest to smallest stage number). For each stage, calculate the cumulative
percentage of mass less than the stated aerodynamic diameter by adding the percentage of
the mass on that stage to the total percentage from the stages below and entering the value
opposite the effective cutoff diameter of the stage above it in the stack. Thus, the percentage
of drug on the filter can be seen to have aerodynamic diameters less than the cutoff diameter
of the stage above the filter, and the percentage on the filter plus the percentage on the
stage above have diameters less than the cutoff diameter of the stage above that, and so on.
Repeat the calculation for each of the remaining stages in reverse numerical order (see Table
9).
Table 9. Cumulative Percentage (Cum%) of Mass Less than the Stated Aerodynamic

PF 37(4): Jul.-Aug. 2011

56

Diameter
Apparatus 1
Mass

Cum%c

D50d

Apparatus 2
Cum%c

D50,Qd

Apparatus 3a
Cum%c

D50,Qe

Apparatus 4b
Cum%c

D50,Qd

Apparatus 5
Cum%c

D50,Qd

Apparatus 6
Cum%c

D50,Qd

Filter
0.4
0.625
0.4
1.7
0.34
0.34
Stage 7 b
0.7
—
—
b
0.7
—
—
b
0.55
b
0.55
Stage 6 c
1.1
—
—
c
1.1
—
—
c
0.94
c
0.94
Stage 5 d
2.1
b
1.25
d
2.1
—
—
d
1.66
d
1.66
Stage 4 e
3.3
c
2.5
e
3.3
b
3.1
e
2.82
e
2.82
Stage 3 f
4.7
d
5.0
f
4.7
c
6.8
f
4.46
f
4.46
Stage 2 g
5.8
100
10.0
g
5.8
100
13.0
g
8.06
g
8.06
Stage 1 h
9.0
—
—
h
9.0
—
—
—
——
—
—
Stage 0 100
—
—
—
100
—
—
—
100
—
100
—
a Stages 6 and 7 are omitted from Apparatus 3 at flow rates >60 L per minute; thus, values for b and c should be omitted for Apparatus 3, where
necessary.
b The filter stage in Apparatus 4 is Stage 5 (see Figure 8).
c [(mass on stage / SB)×100] % + (total% of SB from stages below).
d The 50% cutoff diameter of the stage immediately above that indicated (e.g., for Stage 4, enter the cutoff diameter for Stage 3; for Apparatus 2 or 4,
calculate as D50,Q from Eq. 1; for Apparatus 5 or 6, calculate as D50,Q from Eq. 2 using Table 7). Values entered in the Table are correct for Apparatus 1,
2, 4, 5, and 6 only when used at 28.3, 60.0, 60.0, 60.0, and 60.0 L per minute, respectively.
e The D50 values are only valid at a flow rate of 28.3 L per minute.

If necessary, and where appropriate, plot the percentage of mass less than the stated
aerodynamic diameters, versus the aerodynamic diameter, D50,Q , on log probability paper.
Calculate the GSD by the equation:

Use these data and/or plot to determine values for MMAD and GSD etc., as appropriate and
when necessary (see Figure 10).

Fig. 10. Plot of cumulative percentage of mass less than stated aerodynamic diameter
(probability scale) versus aerodynamic diameter (log scale).
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INTRODUCTION
The major performance measures for nasal and inhalation aerosols, sprays, and powders relate
to dose delivery to the patient including delivered dose uniformity and relevant measures of
particle size (optical or aerodynamic) depending on the dosage form. Each of these is described
in the following sections.
A. DELIVERED DOSE UNIFORMITY
A.1 Nasal Aerosols and Nasal Sprays
The following test is applicable to nasal aerosols and sprays, formulated respectively as
nonaqueous or aqueous suspensions or solutions of drug, presented typically in multi-dose
containers and fitted with dose-metering valves or pumps. In all cases, and for all tests,
prepare and test the spray as directed in the labeling and the instructions for use.
A.1.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses (as described on the label or instructions for use), but not to exceed 2 sprays,
collected at the beginning of unit life (after priming as described in the labeling, or instructions
for use) and end of unit life of the label claim, from each of 10 separate containers, must meet
the following acceptance criteria: not more than 2 of the 20 doses are outside the range of
80%–120% of label claim, and none are outside the range of 75%–125% of label claim, while
the mean for each of the beginning and end doses falls within the range of 85%–115% of label
claim. If 3–6 doses of the 20 doses collected are outside of 80%–120% of the label claim, but
none are outside of 75%–125% of label claim, and the means for each of the beginning and end
doses fall within 85%–115% of label claim, select 20 additional containers for second-tier
testing; each container to be tested at the beginning and end of the label claim. For secondtier testing, the requirements are met if not more than 6 of the total 60 doses collected are
outside the range of 80%–120% of label claim, none are outside the range of 75%–125% of
label claim, and the means for each of the beginning and end doses fall within the range of
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85%–115% of label claim.
A.1.1.1 Sampling the delivered dose from nasal sprays
Procedure—To ensure reproducible in-vitro dose collection, it is recommended that a
mechanical means of actuating the metering system or pump assembly be used to deliver doses
for collection. The mechanical actuation procedure should have adequate controls for the
critical mechanical actuation parameters (e.g., actuation force, actuation speed, stroke length,
rest periods, etc.). The test must be performed on units that have been primed according to
the patient-use instructions. The test unit should be actuated in a vertical or near vertical,
valve-up, position. The dose collected at the beginning of each of the 10 test containers
should be the dose immediately following priming, and the dose collected at the end of each
container life should correspond to the last label claim number of doses from the same
container. The doses between the two test stations should be disposed of appropriately.
For suspension products, the delivered dose should be delivered into a suitable container (e.g.,
scintillation vial) in which quantitative transfer from the container under test can be
accomplished. A validated analytical method is employed to determine the amount of drug in
each delivered dose, and data are reported as a percent of label claim. For solution products,
the delivered dose can be determined gravimetrically from the weight of the delivered dose, and
the concentration and density of the fill solution of the product under test.
A.1.1.2 Sampling the delivered dose from nasal aerosols: See A.2.1.1 Sampling the
delivered dose from inhalation aerosols and inhalation sprays.
A.2 Inhalation Aerosols and Inhalation Sprays
The following tests are applicable to inhalation aerosols (commonly known as metered-dose
inhalers) and inhalation sprays. Inhalation aerosols are formulated as suspensions or solutions of
a drug substance in propellants and possibly other suitable excipients and are presented as
multidose units. Inhalation sprays typically are aqueous-based liquid formulations packaged in a
compact container–closure system containing an integral spray pump unit. Refer to Inhalation
and Nasal Drug Products—General Information and Product Quality Tests 5 for additional
information. The following test methods are specific to the aforementioned products and may
require modification when testing alternative inhalation technologies (for example, breathactuated inhalation aerosols, or inhalation sprays). However, Pharmacopeial requirements for all
dose-metering inhalation dosage forms require determination of the delivered dose and
aerodynamic size distribution. In all cases, and for all tests, prepare and test the product as
directed on the label and the instructions for use. When these directions are not provided by
the product manufacturer, follow the precise dose discharge directions included in the tests
below.
A.2.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
The test for Delivered-Dose Uniformity is required for inhalation aerosols and inhalation sprays
containing drug formulation (e.g., solution or suspension) either in device-metered or in premetered unit presentations. The test for Delivered-Dose Uniformity includes dose uniformity
over the entire unit life. (For products packaged in pre-metered dosage units, see also
Uniformity of Dosage Units 905 .) A dose in this test is defined as the minimum
recommended number of sprays, specified in the product labeling or instructions for use, but
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not to exceed two sprays. For inhalation aerosols and inhalation sprays, the target-delivered
dose is specified by the label claim, unless otherwise specified in the individual monograph. Its
value reflects the expected mean drug content for a large number of delivered doses collected
from many units of the product, using the method specified in the monograph.
Unless otherwise directed in the individual monograph, the drug content of the delivered doses
collected at the beginning of unit life (after priming as described on the label, or instructions for
use) and end of unit life of the label claim, from each of 10 separate containers, must meet the
following acceptance criteria: not more than 2 of the 20 doses are outside the range of 80%–
120% of label claim, and none are outside the range of 75%–125% of label claim, while the
mean for each of the beginning and end doses falls within the range of 85%–115% of label
claim. If 3–6 doses of the 20 doses collected are outside of 80%–120% of the label claim, but
none are outside of 75%–125% of label claim, and the means for each of the beginning and end
doses fall within 85%–115% of label claim, select 20 additional containers for second-tier
testing; each container to be tested at the beginning and end of the label claim. For secondtier testing, the requirements are met if not more than 6 of the total 60 doses collected are
outside the range of 80%–120% of label claim, none are outside the range of 75%–125% of
label claim, and the mean for each of the beginning and end doses fall within the range of 85%–
115% of label claim.
A.2.1.1 Sampling the delivered dose from inhalation aerosols and inhalation sprays
Procedure—To determine the content of active ingredient in the discharged plume from an
inhalation aerosol and inhalation spray, use the sampling Apparatus A (see Figure 1) described
below. Prepare the product for use according to the label instructions for shaking, priming, and
firing. Unless otherwise specified in the individual monograph, with the vacuum pump running,
ensuring an airflow rate through the product device of 28.3 L of air per minute (±5%),
discharge the minimum recommended actuations into the apparatus through the mouthpiece
adapter by actuating the metering system for a duration sufficient to ensure that the dose has
been completely discharged. The volume of air sampled should not exceed 2 L. The dose
collected at the beginning of each of the 10 test containers should be the dose immediately
following priming and the dose collected at the end of each container life should correspond to
the last label claim number of doses from the same container. Unless otherwise prescribed in
the patient instructions, shake the product for 5 seconds, and collect the first actuation
following priming. Wait for 5 seconds and collect the next actuation, if justified. The doses
between the two test stations (i.e., beginning and end of container life) should be disposed of
appropriately. Note that for inhalation aerosols the rate of discharges to waste should not be
such to cause excessive canister cooling. Following separate collections of the minimum number
of actuations from each unit at each test station, detach the product from Apparatus A (see
Figure 1), and disconnect the vacuum. Separately assay the contents of the apparatus for
drug at the beginning and end test stations after rinsing the filter and the interior of the
apparatus with a suitable solvent.
Apparatus A—The sampling apparatus (see Figure 1) consists of a filter support base with an
open-mesh filter support, such as a stainless steel screen, a collection tube that is clamped or
screwed to the filter support base, and a mouthpiece adapter to ensure an airtight seal
between the collection tube and the mouthpiece. Use a mouthpiece adapter that ensures that
the opening of the product’s mouthpiece is flush with the front face or 2.5-mm indented
shoulder in the sample collection tube, as appropriate. The vacuum connector is connected to
a system comprising a vacuum source, flow regulator, and flowmeter. The source should be
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capable of pulling air through the complete assembly, including the filter and the product to be
tested, at the desired flow rate. When testing inhalation aerosols, air should be drawn
continuously through the system to avoid loss of drug into the atmosphere. The filter support
base is designed to accommodate 25-mm diameter filter disks. At the airflow being used, the
sample collection tube and the filter disk must be capable of quantitatively collecting the
delivered dose. The filter disk and other materials used in the construction of the apparatus
must be compatible with the drug and the solvents that are used to extract the drug from the
filter. One end of the collection tube is designed to hold the filter disk tightly against the filter
support base. When assembled, the joints between the components of the apparatus are
airtight so that when a vacuum is applied to the base of the filter, all of the air drawn through
the collection device passes through the product device.

Figure 1. Sampling apparatus for inhalation aerosols and sprays.
A.3 Nasal Powders
The following test is applicable to nasal powders presented in pre-metered and device-metered
units. In all cases, and for all tests, prepare and test the powder as directed in the labeling and
the instructions for use.
A.3.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses (minimum number of actuations, per nostril as described on the label or
instructions for use) collected at the beginning of unit life and at the label claim number of
metered doses, from each of 10 separate containers, must meet the following acceptance
criteria: not more than 2 of the 20 doses are outside the range of 80%–120% of label claim,
and none are outside the range of 75%–125% of label claim, while the mean for each of the
beginning and end doses falls within the range of 85%–115% of label claim. If 3–6 doses of the
20 doses collected are outside of 80%–120% of the label claim, but none are outside of 75%–
125% of label claim, and the means for each of the beginning and end doses fall within 85%–
115% of label claim, select 20 additional containers for second-tier testing; each unit to be
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tested at the beginning and end of the label claim. For second-tier testing, the requirements
are met if not more than 6 of the total 60 doses collected are outside the range of 80%–120%
of label claim, none are outside the range of 75%–125% of label claim, and the means for each
of the beginning and end doses fall within the range of 85%–115% of label claim.
A.3.1.1 Sampling the delivered dose from nasal powders: To ensure reproducible in-vitro
dose collection, it is recommended that appropriate means of actuating the device assembly be
used to deliver doses for collection. The test unit should be actuated in a vertical or near
vertical position. The two separate doses collected include the first dose and the dose
corresponding to the last label claim number of doses from each of 10 units. The doses
between the two test stations for each unit should be disposed of appropriately. A validated
analytical method is used to determine the amount of drug in each delivered dose, and data are
reported as a percentage of label claim.
A.4 Inhalation Powders
The following tests are applicable to inhalation powders (commonly known as dry powder
inhalers) presented as pre-metered or device-metered units. Pharmacopeial requirements for all
these drug products require determination of the delivered dose and aerodynamic size
distribution. In all cases, and for all tests, prepare and test the product as directed in the
labeling and the instructions for use. When these directions are not provided by the product
manufacturer, follow the precise dose discharge directions included in the tests below.
A.4.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
The test for Delivered-Dose Uniformity is required for inhalation powders in device-metered and
in pre-metered (including multiple-dose assemblies) presentations as labeled for use with the
specified delivery system. The test for Delivered-Dose Uniformity includes dose uniformity over
the entire unit life. (For formulations packaged in pre-metered dosage units, see also Uniformity
of Dosage Units 905 .) Note that the target-delivered dose is the expected mean drug
content for a large number of delivered doses collected from many units of the chosen drug
product, under defined experimental conditions in the labeling. In many cases, its value may
depend upon the manner in which the test for delivered dose is performed. For inhalation
powders, where the label claim is usually the pre-metered or metered-dose of drug, the targetdelivered dose is specified in the individual monograph and is usually less than the label claim.
Its value reflects the expected mean drug content for a large number of delivered doses
collected from the product, using the method specified in the monograph.
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered dose from each of 10 separate units is determined in accordance with the procedure
described below.
The test for Delivered-Dose Uniformity over the entire unit life is required for drug products
packaged in device-metered or in multiple-dose assemblies of pre-metered dosage units that
have a predetermined dose sequence.
Unless otherwise directed in the individual monograph, the drug content of the delivered doses
collected at the beginning of unit life and end of unit life of the label claim, from each of 10
separate drug product units, must meet the following acceptance criteria: not more than 2 of
the 20 doses are outside the range of 80%–120% of target delivered label claim, and none are
outside the range of 75%–125% of target delivered label claim, while the mean for each of the

PF 37(4): Jul.-Aug. 2011

63

beginning and end doses falls within the range of 85%–115% of target delivered label claim. If
3–6 doses of the 20 doses collected are outside of 80%–120% of the target delivered label
claim, but none are outside of 75%–125% of target delivered label claim, and the means for
each of the beginning and end doses fall within 85%–115% of target delivered label claim,
select 20 additional units for second-tier testing; each container to be tested at the beginning
and end of the label claim. For second-tier testing, the requirements are met if not more than 6
of the total 60 doses collected are outside the range of 80%–120% of target delivered label
claim, none are outside the range of 75%–125% of target delivered label claim, and the means
for each of the beginning and end doses fall within the range of 85%–115% of target delivered
label claim.
For inhalation powders packaged in single dosage form units, Delivered Dose Uniformity can be
applied on 10 dosage units and must meet the following acceptance criteria: not more than 1
of the 10 doses are outside the range of 80%–120% of target delivered label claim, and none
are outside the range of 75%–125% of target delivered label claim, while the mean of doses
falls within the range of 85%–115% of target delivered label claim. If 2–3 doses of the 10 doses
collected are outside of 80%–120% of the target delivered label claim, but none are outside of
75%–125% of target delivered label claim, and the mean falls within 85%–115% of target
delivered label claim, select 20 additional units for second-tier testing. For second-tier testing,
the requirements are met if not more than 3 of the total 30 doses collected are outside the
range of 80%–120% of target delivered label claim, none are outside the range of 75%–125%
of target delivered label claim, and the mean falls within the range of 85%–115% of target
delivered label claim.
A.4.1.1 Sampling the delivered dose from inhalation powders: To determine the content
of active ingredient emitted from the mouthpiece of an inhalation powder, use Apparatus B (see
Figure 2). This apparatus is capable of sampling the emitted doses at a variety of airflow rates.

Figure 2. Apparatus B: Sampling apparatus for inhalation powders. (See Table 1 for component
specifications.)
Code
A

B
C

Table 1. Component Specifications for Apparatus B (see Figure 2)
Item
Description
Dimensions
Sample
See Fig. 2
34.85-mm ID × 12-cm length
collection
tubea
Filterb
See Fig. 2
47-mm glass fiber filter
Connector
(e.g., short
8-mm ID
metal coupling
with low
diameter
branch to P3)
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Vacuum tubing (e.g., silicon
tubing with an
outside
diameter of 14
mm and an
internal
diameter of 8
mm)
Two-way
See Fig. 2
solenoid valvec

A length of suitable tubing
volume of 25 ± 5 mL.

F

Vacuum pumpd See Fig. 2

G

Timere

See Fig. 2

P1

Pressure tap

See Fig. 2

Pump must be capable of drawing the required flow
rate through the assembled apparatus with the
inhalation powder in the mouthpiece adapter.
Connect the pump to the solenoid valve using short
and wide ( 10-mm ID) vacuum tubing and
connectors to minimize pump capacity requirements.
The timer switches current directly to the solenoid
valve for the required duration.
2.2-mm ID, 3.1-mm OD flush with the internal
surface of the sample collection tube, centered and
burr free, 59 mm from its inlet. The pressure taps P1,
P2, and P3 must not be open to the atmosphere
during dose collection.

E

P1, P2, Pressure
P3
measurementsf
H
Flow-control See Fig. 2
valveg

8 mm ID with an internal

2-way, 2-port solenoid valve having an ID 8 mm
and an opening response time of 100 milliseconds.

Adjustable regulating valve with maximum C

v

1h.

a An example being a Millipore product number XX40 047 00 (Millipore Corporation, 80, Ashby
Road, Bedford, MA 01732), modified so that the exit tube has an ID 8-mm, fitted with
Gelman product number 61631.
b A/E (Gelman Sciences Inc., 600 South Wagner Road, Ann Arbor, MI 48106) or equivalent.
c ASCO product number 8030G13, Automatic Switch Company, 60 Hanover Road, Florham
Park, NJ 07932.
d Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
e Eaton Product number 45610-400 (Eaton Corporation, Automotive Products Division, 901,
South 12th Street, Watertown, WI 53094) or equivalent.
f An example being a PDM 210 pressure meter (Air-Neotronics Ltd., Neotronics Technology
plc, Parsonage Road, Takeley, Bishop's Stortford, CM22 6PU, UK), or equivalent.
g Parker Hannifin type 8FV12LNSS (Parker Hannifin plc., Riverside Road, Barnstable, Devon
EX31 1NP, UK) or equivalent.
h Flow Coefficient, as defined by ISA S75.02 “Control valve capacity test procedure” in
Standards and Recommended Practices for Instrumentation and Control, 10th ed., Vol. 2,
1989. Published by Instrument Society of America, 67 Alexander Drive, P.O. Box 1227,
Research Triangle Park, NC 27709, U.S.A.
Apparatus B—The apparatus is similar to that described in Figure 1 for testing inhalation
aerosols. In this case, however, the filter and collection tube have a larger internal diameter to
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accommodate 47-mm diameter filter disks. This feature enables dosage collection at higher
airflow rates—up to 100 L of air per minute—when necessary. A mouthpiece adapter ensures an
airtight seal between the collection tube and the mouthpiece of the inhalation powder being
tested. The mouthpiece adapter must ensure that the tip of the product’s mouthpiece is flush
with the open end of the sample collection tube. Tubing connectors, if they are used, should
have an internal diameter greater than or equal to 8 mm to preclude their own internal
diameters from creating significant airflow resistance. A vacuum pump with excess capacity
must be selected in order to draw air, at the designated volumetric flow rate, through both the
sampling apparatus and the product simultaneously. A timer-controlled, low resistance,
solenoid-operated, two-way valve is interposed between the vacuum pump and the flowcontrol valve to control the duration of flow. This type of valve enables 4.0 L of air (±5%) to
be withdrawn from the mouthpiece of the product at the designated flow rate. Flow control is
achieved by ensuring that critical (sonic) flow occurs in the flow-control valve (absolute
pressure ratio P3/P2 less than or equal to 0.5 under conditions of steady-state flow).
Procedure—Operate the apparatus at an airflow rate that produces a pressure drop of 4 kPa
(40.8 cm H2 O) over the product to be tested and for a period consistent with the withdrawal of
2 L of air from the mouthpiece of the product. [Note—If the flow rate and duration are defined
otherwise in the monograph, adjust the system to within 5% of those values. ] The volume of
air sampled should not exceed 2 L. Determine the test flow rate using Apparatus B as follows.
Insert the product into the mouthpiece adapter to ensure an airtight seal. In cases where the
drug packaging modifies the product’s resistance to airflow, use a loaded, drug-free device
(with previously emptied packaging). In other cases, use an unloaded (drug free) device.
Connect one port of a differential pressure transducer to the pressure tap, P1, and leave the
other open to the atmosphere. Switch on the pump, and open the two-way solenoid valve.
Adjust the flow-control valve until the pressure drop across the product is 4.0 kPa (40.8 cm
H2 O). Ensure that critical (sonic) flow occurs in the flow-control valve by determining the
individual values for absolute pressure, P2 and P3, so that their ratio P3/P2 is less than or equal
to 0.5. If this criterion cannot be achieved, it is likely that the vacuum pump is worn or of
insufficient capacity. Critical (sonic) flow conditions in the flow-control valve are required in
order to ensure that the volumetric airflow drawn from the mouthpiece is unaffected by pump
fluctuations and changes in airflow resistance of the product. Remove the product from the
mouthpiece adapter and without disturbing the flow-control valve, measure the airflow rate
drawn from the mouthpiece, Qout, by connecting a flowmeter to the mouthpiece adaptor in an
airtight fashion. Use a flowmeter calibrated for the volumetric flow leaving the meter in an
airtight fashion to directly determine Qout or, if such a meter is unobtainable, calculate the
volumetric flow leaving the meter (Qout) using the ideal gas law. For example, for a meter
calibrated for the entering volumetric flow (Qin), use the formula:
Qout = QinP0 /(P0

DP),

where P0 is the atmospheric pressure and DP is the pressure drop over the meter. If the flow
rate is greater than 100 L of air per minute, adjust the flow-control valve until Qout equals 100 L
per minute; otherwise, record the value of Qout, and leave the flow-control valve undisturbed.
Define the test flow duration, T = 240/Qout, in seconds, so that a volume of 2.0 L of air (±5%)
is withdrawn from the product at the test flow rate Qout, and adjust the timer controlling the
operation of the two-way solenoid valve accordingly. Prime or load the device with powder for
inhalation according to the labeled instructions. With the vacuum pump running and the
solenoid valve closed, insert the product’s mouthpiece horizontally into the mouthpiece
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adapter. Discharge the powder into the sampling apparatus by activating the timer controlling
the solenoid valve and withdrawing 2.0 L of air from the product at the previously defined
airflow rate. Repeat the whole operation n 1 times beginning with the text, “Prime or load the
device with powder,” where n is the number of times defined in the labeling as the minimum
recommended dose. Detach the inhalation powder from the sampling apparatus, and disconnect
the vacuum tubing, D. Assay the contents of the apparatus for drug after rinsing the filter and
the interior of the apparatus with a suitable solvent. Where specified in the individual
monograph, perform this test under conditions of controlled temperature and humidity.
B. DROPLET/PARTICLE SIZE DISTRIBUTION—NASAL AEROSOLS, SPRAYS, AND POWDERS
For suspension and solution nasal aerosols, sprays, and powders, the emitted droplet/particle
size distribution should be determined for the delivered plume subsequent to delivery under
specified experimental conditions. If a laser diffraction method is used (for more detail, refer to
the description of this method in the following section), droplet size distribution can be
controlled in terms of ranges for the 10th, (D10 ), 50th (D50 ), and 90th (D90 ) percentiles of the
cumulative volume (mass)-weighed size distribution, as well as the span of the distribution,
expressed as [(D90 – D10 )/D50 ], and the percentage of droplets less than 10 µm. Note that D50
is identical with the volume (mass) median diameter of the distribution, if unimodal. Appropriate
and validated and/or calibrated emitted droplet/particle size analytical procedures should be
described in sufficient detail to allow accurate and reproducible assessment including complete
information on the apparatus, accessories, theoretical model (Lorenz-Mie or Fraunhofer
approximation), the application of a disabling option for one or more of the innermost detectors
to mitigate beam steering effects (only applicable to nasal aerosols), software version, sample
placement with respect to the optical bench of the laser diffractometer, measurement range,
beam width, laser trigger condition in connection with the initiation and termination of the
measurement sequence, lower limit of detection (if laser triggering is not used), and
obscuration limit (upper bound of detection range in terms of particle concentration).
For solution nasal sprays, acceptance testing for droplet size distribution on incoming pump lots
with placebo formulation can substitute for the release testing of droplet size distribution for
the drug product, if justified (i.e., droplet size distribution from pumps with drug product
formulation and with placebo are the same). The acceptance criteria for the drug product must
be stated.
B. 1 Particle Size Measurement by Laser Diffraction
Nasal drug products intended for topical application to the nasal cavity produce liquid droplets
that are typically much larger than the operating range for multi-stage inertial impactors. As
such, laser diffraction [sometimes referred to as low-angle laser light scattering (LALLS)] is an
acceptable alternative for determining the size distribution because there is no need to relate
the size scale to aerodynamic diameter.
The theory and operating principles for laser diffraction are well described in ISO 13320:2009.
These systems make use of the light scattering pattern produced by passage of the droplets as
a cloud through the measurement zone to develop the volume-weighted size distribution in an
iterative process, in which a theoretical model (either Fraunhofer or Lorenz-Mie) is used to
interpret the data. The process is summarized schematically in Figure 3. [Note—If the Lorenz-
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Mie model option is chosen, it will be necessary to input values for the real (refraction) and
imaginary (absorption) components of refractive index for the liquid being studied.
Manufacturers of laser diffraction equipment provide this information for commonly encountered
liquid media either on their website or by enquiry. ]

Figure 3. Conversion of light scattering data into a droplet size distribution by laser
diffractometry.
An apparatus that has the capability to assess aerosols or sprays is required. (Note that not all
commercially available laser diffractions possess this capability.) Set up the measurement
system in accordance with the procedure outlined schematically in Figure 4.

Figure 4. Set up for laser diffractometry with a nasal drug product.
Nasal drug product sprays are generally measured with an open bench arrangement, with an
automated actuation station set up so that reproducibility in inhaler operation from one
actuation to the next can be optimized. This precaution is particularly important for the most
accurate measurements with nasal spray pumps. Check the alignment of the inhaler with the
optical configuration of the laser diffractometer using the tools provided by the manufacturer to
optimize alignment of the optical bench. Check that the light beam obscuration is within the
upper and lower limits specified by the manufacturer, consulting the operator’s manual for the
laser diffraction system being used. An unrepresentative result may occur if this value is set
too low (typically < 5%). Unquantifiable error due to multiple scattering will happen if the
obscuration is above the recommended upper limit. [Note—This limit varies from one
manufacturer to another and may also vary from one LD system to another from the same
manufacturer. ]
Make as many replicates as needed to achieve a representative data set. Inspect each size
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distribution presented ideally in differential volume-weighted format or equivalent to assess
whether or not it is unimodal and symmetrical. [Note—The data analysis below assumes that
these criteria are met. If not, additional analysis taking into account the presence of more than
one mode in the distribution and/or skewness may be required. ]
Assuming that the density of the liquid under investigation is constant irrespective of droplet
size, the volume-weighted size distributions may be treated as mass-weighted size distributions
for the purpose of data interpretation. From the cumulative volume-size distribution data,
calculate the mean and one standard deviation for the sizes that correspond to mass fractions
less than 10%, 50% and 90% of the distribution (D10 , D50 and D90 ).
C. AERODYNAMIC SIZE DISTRIBUTION—INHALATION AEROSOLS, SPRAYS, AND POWDERS
C.1 General Principles of Aerodynamic Particle Size Measurement
The particle or droplet size distribution in the plume discharged from inhalation aerosols and
sprays, and the particle size distribution in the cloud discharged from inhalation powders, are
important characteristics used in judging product performance. While particle size measurement
by microscopy can be used to evaluate the number of large particles, agglomerates, and
foreign particulates in the emissions of inhalation aerosols and sprays (e.g., Epinephrine
Bitartrate Inhalation Aerosol), whenever possible this test should be replaced with a method to
determine the aerodynamic size distribution of the drug aerosol leaving the product. The
aerodynamic diameter of an aerosol particle is equal to the diameter of a sphere of unit density
whose gravimetric settling velocity is the same. The aerodynamic size distribution defines the
manner in which an aerosol deposits during inhalation. In use, many inhalers discharge drug in
the form of large particles or droplets (the ballistic fraction) that leave the inhaler at high
velocity that impact in and are captured by the moist surfaces in the mouth and throat. The
remainder of the discharge from the inhaler is useful aerosol, a “nonballistic fraction” that is
inhaled into the remainder of the respiratory tract.
When there is a log-normal distribution, the aerodynamic size distribution may be characterized
by the mass of drug substance collected in the impactor, mass median aerodynamic diameter
(MMAD) and geometric standard deviation (GSD) and the nonballistic fraction (NBF). NBF is
defined as: “The fraction of the mass of drug discharged from the inhaler that represents the
area under the log-normal curve that is described by the MMAD and GSD for that distribution.”
The aerodynamic size distribution of the drug leaving inhalation aerosols and sprays and
inhalation powders is determined using Apparatus 1, 2, 3, 4, 5, or 6 as specified in this chapter.
For practical purposes, the NBF is the fraction of the mass of drug discharged from the inhaler,
which has passed through the induction port (and pre-separator) and is captured and measured
in the cascade impactor/impinger and final filter.
“Fine particle dose” and “fine particle fraction” are terms that may be used to describe the
cumulative mass captured in the cascade impactor/impinger and final filter, which is smaller
than a stated aerodynamic particle size. There may be a relationship between these terms and
the drug dose or that fraction of the drug dose that enters the lung during inhalation. Individual
monographs may also define the emitted fractions of the delivered dose in more than one
aerodynamic size range.
Cascade impaction devices classify aerosol particles and droplets on the basis of those
particles’ aerodynamic diameters. The principle of their operation, whereby they separate
aerosol particles and droplets from a moving airstream on the basis of particle or droplet inertia,
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is shown in Figure 5. Because the dimensions of the induction port used to connect products to
the cascade impactors and impingers (shown in Apparatus 1, 2, 3, 4, 5, and 6) also define the
mass of drug that enters the aerodynamic sizing device, these are carefully defined and, where
possible, are held constant between each apparatus (see Figures 6, 7, 8, 9, 10, and 11).

Figure 5. Schematic representation of the principle of operation of cascade impactors. (A single
jet per impactor stage is shown. Impactors with multiple jets in each stage function in the
same manner.)
C.1.1 STAGE MENSURATION
Manufacturers of cascade impaction devices provide a definitive calibration for the separation
characteristics of each impaction stage in terms of the relationship between the stage
collection efficiency and the aerodynamic diameter of particles and droplets passing through it
as an aerosol. Calibration is a property of the jet dimensions, the spatial arrangement of the jet
and its collection surface, and the airflow rate passing through it. Because jets can corrode
and wear over time, the critical dimensions of each stage, which define that impaction stage’s
calibration, must be measured on a regular basis. This process, known as stage mensuration,
replaces the need for repetitive calibration (using standard aerosols) and ensures that only
devices that conform to specifications are used for testing product output. The process
involves the measurement and adjustment of the critical dimensions of the instrument.
C.1.2 INTERSTAGE DRUG LOSS (WALL LOSSES)
Where method variations are possible and there is no apparatus specified in the monograph, the
selected technique should ensure that not more than 5% of the product’s total delivered drug
mass (into the impactor) is subject to loss between the impaction device’s sample collection
surfaces. In the event that interstage drug losses are known to be greater than 5%, either the
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procedure should be performed in such a way that wall losses are included along with the
associated collection plate, or an alternative apparatus should be used. As an example, the
following procedures described for Apparatus 1 and 3 have been written to include wall losses
along with the associated collection plate. Provided, however, that such losses are known to
be less than or equal to 5% of the total delivered drug mass into the impactor and that there
are no instructions to the contrary in an individual monograph, the technique may be simplified
by only assaying drug on the collection plates.
C.1.3 RE-ENTRAINMENT
Where method variations are possible, the selected technique should seek to minimize particle
re-entrainment (from an upper to a lower impaction stage) on stages that contribute to size
fractions defined in the individual monograph, especially where this may affect the amounts of
drug collected. Minimizing the number of sampled doses, the use of coated particle collection
surfaces, and proving that multiple-dose techniques produce statistically similar results to
those from smaller numbers of doses, are all methods that can be used for this purpose. In the
event that re-entrainment cannot be avoided, the number of doses collected, the time interval
between doses, and the total duration of airflow through the cascade impaction device should
be standardized. Under these circumstances, the presentation of impaction data should not
presume the validity of the impactor’s calibration (i.e., aerodynamic diameter ranges should not
be assigned to drug masses collected on specific stages).
By using appropriate assay methods and a suitable mensurated impaction device, aerodynamic
particle size distributions can be determined for drugs leaving the mouthpieces of inhalation
aerosols and sprays or inhalation powders. If temperature or humidity limits for use of the
product are stated on the label, it may be necessary to control the temperature and humidity
of the air surrounding and passing through the device to conform to those limits. Ambient
conditions are presumed, unless otherwise specified in individual monographs.
C.1.4 MASS BALANCE
In addition to the size distribution, good analytical practice dictates that a mass-balance be
performed in order to confirm that the amount of the drug discharged from the product, which
is captured and measured in the induction port through the after filter of the cascade impactor
apparatus, is within an acceptable range around the measured delivered dose. The result for
the recovered mass can be expressed on a per actuation basis as a percent of the labeled
delivered dose, which represents the dose delivered from the mouthpiece.
The total mass of drug collected in all of the components (material balance) divided by the
total number of minimum recommended doses discharged typically is not less than 85% and not
more than 115% of the target delivered label claim. This is not a test of the product but serves
to ensure that the test results are valid.
Use one of the multistage impaction devices shown below, or an equivalent, to determine
aerodynamic particle size distributions of drugs leaving the mouthpieces of inhalation aerosols
and sprays or inhalation powders. Apparatus 1 and 6 [Figures 6 and 11 (without preseparator), respectively] are intended for use with inhalation aerosols and sprays at a single
airflow rate. Apparatus 2, 3, 4, and 5 ( Figures 8, 9, 10, and 11, respectively) are intended for
use with inhalation powders at the appropriate airflow rate, Qout, determined earlier, provided
that the value of Qout falls in the range 30–100 L per minute. [Note—If Qout is greater than 100
L per minute, testing should be performed with Qout set at 100 L per minute; if Qout is less than
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30 L per minute, testing is performed with Qout at 30 L per minute. ]
Table 2 indicates the apparatus used to determine aerodynamic particle size and the products
that they are used to evaluate.
Table 2. Aerodynamic Particle Size Apparatus:
Their Description and the Products That They May Be Used to Evaluate
Apparatus
Description
Product
1
Andersen Impactor (without pre-separator)
Inhalation aerosols and
sprays
2
Andersen Impactor (with pre-separator)
Inhalation powders
3
Marple Miller Impactor
Inhalation powders
4
Multistage Liquid Impinger
Inhalation powders
5
Next Generation Impactor (with pre-separator)
Inhalation powders
6
Next Generation Impactor (without preInhalation aerosols and
separator)
sprays
C.2 Apparatus 1 for Inhalation Aerosols and Sprays—Andersen Impactor (without Preseparator)
Use Apparatus 1, or an equivalent, at a flow rate of 28.3 L per minute (±5%), as specified by
the manufacturer of the cascade impactor.
C.2.1 DESIGN—APPARATUS 1
The design and assembly of this apparatus and the induction port to connect the impactor to a
product are shown in Figures 6, 6a, and 6b.1

Figure 6. Apparatus 1: Assembly of induction port and entrance cone mounted on cascade
impactor.

Figure 6a. Apparatus 1: Expanded view of induction port for use with inhalation aerosols and
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sprays and inhalation powders.

Figure 6b. Apparatus 1: Expanded view of the entrance cone for mounting induction port on the
Andersen cascade impactor without pre-separator. Material may be aluminum, stainless steel,
or other suitable material. Surface roughness (Ra) should be approximately 0.4 µm.
Critical engineering dimensions applied by manufacturers to the stages of Apparatus 1 are
provided in Table 3. During use, some occlusion and blockage of jet nozzles may occur; and
therefore, “in use” mensuration tolerances need to be justified.
Stage #
0
1
2
3
4
5
6
7

Table 3. Critical Dimensions for the Jet Nozzles of Apparatus 1
Number of Jets
Nozzle Diameter (mm)
96
2.55 ± 0.025
96
1.89 ± 0.025
400
0.914 ± 0.0127
400
0.711 ± 0.0127
400
0.533 ± 0.0127
400
0.343 ± 0.0127
400
0.254 ± 0.0127
201
0.254 ± 0.0127
C.2.2 PROCEDURE—APPARATUS 1

Set up the multistage cascade impactor as described in the manufacturer’s literature with an
after filter below the final stage to capture any fine particles that otherwise would escape from
the device. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Attach the induction port and
mouthpiece adapter to produce an airtight seal between the product mouthpiece and the
induction port as shown in Figure 6. Use a mouthpiece adapter that ensures that the tip of the
product’s mouthpiece is flush with the open end of the induction port. Ensure that the various
stages of the cascade impactor are connected with airtight seals to prevent leaks. Turn on the
vacuum pump to draw air through the cascade impactor, and calibrate the airflow through the
system with an appropriate flowmeter attached to the open end of the induction port. Adjust
the flow-control valve on the vacuum pump to achieve steady flow through the system at the
required rate, and ensure that the airflow through the system is within ±5% of the flow rate
specified by the manufacturer. Unless otherwise prescribed in the patient instructions, shake
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the product for 5 seconds and discharge one delivery to waste. With the vacuum pump
running, insert the mouthpiece into the mouthpiece adapter and immediately fire the minimum
recommended dose into the cascade impactor. Keep the valve depressed for a duration
sufficient to ensure that the dose has been completely discharged. If additional sprays are
required for the sample, wait for 5 seconds before removing the product from the mouthpiece
adapter, shake the product, reinsert it into the mouthpiece adapter, and immediately fire the
next minimum recommended dose. Repeat until the required number of doses have been
discharged. The number of minimum recommended doses discharged must be sufficient to
ensure an accurate and precise determination of aerodynamic size distribution. [Note—The
number of minimum recommended doses is typically not greater than 10. ] After the last dose
has been discharged, remove the product from the mouthpiece adapter. Rinse the mouthpiece
adapter and the induction port with a suitable solvent, and dilute quantitatively to an
appropriate volume. Disassemble the cascade impactor, place each stage and its associated
collection plate or filter in a separate container, and rinse the drug from each of them. [Note
—If it has been determined that wall losses in the impactor are less than or equal to 5%, then
only the collection plates may be used. ] Dilute each quantitatively to an appropriate volume.
Using the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the components. To analyze the data, proceed as directed under Data
Analysis.
C.3 Apparatus 2 for Inhalation Powders—Marple Miller Impactor
C.3.1 DESIGN—APPARATUS 2
The design and assembly of Apparatus 2, and the induction port to connect the impactor to
the product, are shown in Figure 8.2 [Note—The induction port is shown in detail in Figure 6a. ]
The impactor has five impaction stages and an after filter. At a volumetric airflow rate of 60 L
per minute (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 1 to
5 are 10, 5, 2.5, 1.25, and 0.625 µm, respectively. The after filter effectively retains
aerosolized drug in the particle size range up to 0.625 µm. Set up the multistage cascade
impactor with the control system as specified in Figure 7. To ensure efficient particle capture,
coat the particle collection surface of each stage with glycerol, silicone oil, or other suitable
liquid typically deposited from a volatile solvent, unless it has been demonstrated to be
unnecessary. Assemble the impactor as described in the manufacturer’s literature with an after
filter below the final stage to capture any fine particles that otherwise would escape from the
device. Attach the induction port and mouthpiece adapter to produce an airtight seal between
the product’s mouthpiece and the induction port. Use a mouthpiece adapter that ensures that
the tip of the product’s mouthpiece is flush with the open end of the induction port. Ensure
that the various stages of the cascade impactor are connected with airtight seals to prevent
leaks.
Turn on the vacuum pump, open the solenoid valve, and calibrate the airflow through the
system as follows. Connect a flowmeter to the induction port. Use a flowmeter calibrated for
the volumetric flow leaving the meter to directly determine Qout, or, if such a meter is
unobtainable, calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. For
example, for a meter calibrated for the entering volumetric flow (Qin), use the formula:
Qout = QinP0 /(P0 – DP)
where P0 is the atmospheric pressure and DP is the pressure drop over the meter. Adjust the
flow-control valve to achieve a steady flow through the system at the required rate, Qout, so
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that Qout is within ±5% of the value determined during testing for Delivered-Dose Uniformity.
Ensure that critical flow occurs in the flow-control valve, at the airflow rate to be used during
testing, by using the following procedure. With the product in place, and the intended flow
running, measure the absolute pressure on both sides of the flow-control valve (P2 and P3 in
Figure 9). A ratio of P3/P2 less than or equal to 0.5 indicates critical flow. Switch to a more
powerful pump, and remeasure the test flow rate if P3/P2 greater than 0.5. Adjust the timer
controlling the operation of the two-way solenoid valve so that it opens this valve for a
duration of T seconds as determined during testing for Delivered-Dose Uniformity. Prime or load
the inhalation powder according to the labeled instructions. With the vacuum pump running and
the two-way solenoid valve closed, insert the product’s mouthpiece, held horizontally, into the
induction port mouthpiece adapter. Discharge the powder into the apparatus by opening the
two-way solenoid valve for a duration of T seconds. After the two-way solenoid valve has
closed, remove the product from the mouthpiece adapter. If additional doses are required for
the sample, reload the product according to the labeled instructions, reinsert the mouthpiece
into the mouthpiece adapter, and repeat the operation until the required number of doses have
been discharged. After discharge of the last dose, switch off the vacuum pump. Rinse the
mouthpiece adapter and induction port with a suitable solvent, and quantitatively dilute to an
appropriate volume. Disassemble the cascade impactor, and place the after filter in a separate
container. Rinse the drug from each of the stages and the filter, and quantitatively dilute each
to an appropriate volume. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the components. Determine the cutoff
diameters of each of the individual stages of the impactor, at the value of Q = Qout used in the
test by the formula:
D50,Q = D50,Qn(Qn/Q)1/2 (Eq. 1)
where D50,Q is the cutoff diameter at the flow rate, Q, used in the test, and the subscript, n,
refers to the nominal values determined when Qn equals 60 L per minute. Thus, when Q equals
40 L per minute, the cutoff diameter of Stage 2 is given by the formula:
D50,40LPM = 5 µm × [60/40]1/2 = 6.1 µm

Figure 7. Apparatus 2, 3, 4, or 5: General control equipment. (See Table 4 for component
specifications.)
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Figure 8. Apparatus 2: Assembly of induction port, stage collector, and filter holder. (MarpleMiller impactor, Model 160 with USP induction port.)
C.3.2 PROCEDURE—APPARATUS 2
Perform the test using Apparatus 2 at the airflow rate, Qout determined earlier, during testing
for Delivered-Dose Uniformity, provided Qout is less than or equal to 100 L per minute. [Note—If
Qout is greater than 100 L per minute, use an airflow rate of 100 L per minute. ] Connect the
apparatus to a flow control system that is based upon critical (sonic) flow as specified in Figure
7 (see also Table 4).
Code
A

Item
Connector

B

Vacuum
tubing

C

Two-way
solenoid
valvea
Vacuum
pumpb

D

E

Timerc

Table 4. Component Specifications for Figure 7
Description
Dimensions
(e.g., short
8-mm ID
metal coupling
with low
diameter
branch to P3)
(e.g., silicon
A length of suitable tubing 8 mm ID with an internal
tubing with an volume of 25 ± 5 mL.
outside
diameter of 14
mm and an
internal
diameter of 8
mm)
See Fig. 7
2-way, 2-port solenoid valve having an ID 8 mm
and an opening response time of 100 milliseconds.
See Fig. 7

See Fig. 7

Pump must be capable of drawing the required flow
rate through the assembled apparatus with the dry
powder inhaler in the mouthpiece adapter. Connect
the pump to the solenoid valve using short and wide
( 10-mm ID) vacuum tubing and connectors to
minimize pump capacity requirements.
The timer switches current directly to the solenoid
valve for the required duration.
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P2, P3 Pressure
measurements
F
Flow control See Fig. 7
valved

Determine under steady-state flow conditions with an
absolute pressure transducer.
Adjustable regulating valve with maximum C
1.
V

a An example being ASCO product number 8030G13 (Automatic Switch Company, 60 Hanover
Road, Florham Park, NJ 07932) or equivalent. See also Footnote h in Table 1.
b Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
c An example being Eaton Product number 45610-400 (Eaton Corporation, Automotive
Products Division, 901 South 12th Street, Watertown, WI 53094) or equivalent.
d Parker Hannifin type 8FV12LNSS, or equivalent (Parker Hannifin plc, Riverside Road,
Barnstable, Devon EX31 1NP, UK). See also Footnote h in Table 1.
Under steady flow conditions, at the appropriate volumetric airflow rate through the entire
apparatus, ensure that critical (sonic) flow occurs in the flow control valve by determining the
individual values for absolute pressure, P2 and P3, so that their ratio P3/P2 is less than or equal
to 0.5. Coat the particle collection surface of each of the stages of the cascade impactor to
ensure that particles that have impacted on a given stage are not re-entrained in the flowing
airstream, unless this has been shown to be unnecessary. Analyze the data as directed under
Data Analysis.
C.4 Apparatus 3 for Inhalation Powders—Andersen Impactor (with Pre-separator)
C.4.1 DESIGN—APPARATUS 3
Apparatus 3 is identical to Apparatus 1 (Figure 6), except that the manufacturer’s preseparator is added atop Stage 0 to collect large masses of noninhalable powder prior to their
entry into the impactor; and the outlet nipple, used to connect to vacuum tubing B (Figure 7),
is replaced with one having an internal diameter 8 mm. To connect the pre-separator of the
impactor to the induction port (Figure 6a), a specially designed top for the pre-separator must
be used. This is shown in Figure 93. The impactor, therefore, has eight stages, a pre-separator
(to collect large particulates), and an after filter. At a volumetric airflow rate of 28.3 L per
minute (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 0 to 7
are 9.0, 5.8, 4.7, 3.3, 2.1, 1.1, 0.7, and 0.4 µm, respectively. The after filter effectively retains
aerosolized drug in the particle size range up to 0.4 µm. Connect the cascade impactor into the
control system specified in Figure 7. Omit Stage 6 and Stage 7 from the impactor if the test
flow rate, Qout, used during testing for Delivered-Dose Uniformity was greater than or equal to
60 L per minute. To ensure efficient particle capture, coat the particle collection surface of
each stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Assemble the impactor as
described in the manufacturer’s literature with an after filter below the final stage to capture
any fine particles that otherwise would escape from the device. Place an appropriate volume
(up to 10 mL) of an appropriate solvent into the pre-separator, or coat the particle collection
surfaces of the pre-separator to prevent re-entrainment of impacted particles. [Caution
—Some solvents form flammable vapor-air mixtures that may be ignited during passage through
a vacuum pump. Take appropriate precautions (alternative solvents, use of vapor traps, minimal
pump operating times, etc.) to ensure operator safety during testing. ] Attach a molded
mouthpiece adapter to the end of the induction port to produce an airtight seal between the
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product’s mouthpiece and the induction port. Use a mouthpiece adapter that ensures that the
tip of the product’s mouthpiece is flush with the open end of the induction port. Ensure that
the various stages of the cascade impactor are connected with airtight seals to prevent leaks.
Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow through
the system as follows. Prime or load the inhalation powder according to the labeled
instructions. With the vacuum pump running and the two-way solenoid valve closed, insert the
product’s mouthpiece, held horizontally, into the induction port mouthpiece adapter. Once the
product is positioned, discharge the powder into the apparatus by activating the timer and
opening the two-way solenoid valve for the required duration, T ±5%, as determined during
testing for Delivered-Dose Uniformity. After the two-way solenoid valve has closed, remove the
product from the mouthpiece adapter. If additional doses are required for the sample, reload
the inhalation powder according to the labeled instructions, reinsert the mouthpiece into the
mouthpiece adapter, and repeat the operation until the required number of doses have been
discharged. After discharge of the last dose, remove the product from the mouthpiece adapter,
and switch off the vacuum pump.
Carefully disassemble the apparatus. Using a suitable solvent, rinse the drug from the
mouthpiece adapter, induction port, and pre-separator, and quantitatively dilute to an
appropriate volume. Rinse the drug from each stage, and the impaction plate immediately
below, into appropriately sized flasks. Quantitatively dilute each flask to an appropriate volume.
Using the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the samples. The aerodynamic cutoff diameters of the individual stages of
this device, in the airflow range between 30 and 100 L per minute, are currently not well
established. Do not use the formula in Equation 1 to calculate cutoff diameters.

Figure 9. Apparatus 3: Expanded views of top for the Andersen pre-separator adapted to the
USP induction port. Material may be aluminum, stainless steel, or other suitable material;
interior bore should be polished to surface roughness (Ra) approximately 0.4 µm.
C.4.2 PROCEDURE—APPARATUS 3
Proceed as directed in the Procedure under Apparatus 2, except use Apparatus 3.
C.5 Apparatus 4 for Inhalation Powders—Multistage Liquid Impinger
Note—Apparatus 4, the multistage liquid impinger, has a small number of stages and is used
extensively outside the USA. It is provided here for the benefit of users in countries other than
the USA.
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C.5.1 DESIGN—APPARATUS 4
The design and assembly of Apparatus 4 are shown in Figures 10, 10a, and 10b.4 The induction
port, used to connect the impinger to a product, is shown in Figure 6a. The device is a multistage liquid impinger consisting of impaction Stages 1, 2, 3, and 4 and an integral after filter
(Stage 5). The collection stages of the liquid impinger (see Figure 10 and Table 5) are kept
moist, unlike those of traditional impactors, such as Apparatus 1, 2, 3, 5, and 6; wetting may
produce an effect similar to coating the stages of Apparatus 2, 3, 5, and 6 at certain flow
rates, although this should be confirmed by demonstrating control over re-entrainment as
described earlier. An impaction stage comprises an upper horizontal metal partition wall (B)
through which a metal inlet jet tube (A) with its impaction plate (D) is protruding; a glass
cylinder (E) with sampling port (F), forming the vertical wall of the stage; and a lower
horizontal metal partition wall (G) through which a jet tube (H) connects to the lower stage.
The tube into Stage 4 (U) ends in a multi-jet arrangement. The impaction plate (D) is secured
in a metal frame (J), which is fastened by two wires (K) to a sleeve (L) secured on the jet tube
(C). For more detail of the jet tube and impaction plate, see Figure 10a. The horizontal plane of
the collection plate is perpendicular to the axis of the jet tube and centrally aligned. The upper
surface of the impaction plate is slightly raised above the edge of the metal frame. A recess
around the perimeter of the horizontal partition wall guides the position of the glass cylinder.
The glass cylinders are sealed against the horizontal partition walls with gaskets (M) and
clamped together by six bolts (N). The sampling ports are sealed by stoppers. The bottom side
of the lower partition wall of Stage 4 has a concentric protrusion fitted with a rubber O-ring (P)
that seals against the edge of a filter placed in the filter holder. The filter holder (R) is a basin
with a concentric recess in which a perforated filter support (S) is flush-fitted. The filter holder
is designed for 76-mm diameter filters. The whole impaction stage assembly is clamped onto the
filter holder by two snap locks (T). The impinger is equipped with an induction port (Figure 6a)
that fits onto the Stage 1 inlet jet tube. A rubber O-ring on the jet tube provides an airtight
connection to the induction port. An elastomeric mouthpiece adapter to fit the product being
tested provides an airtight seal between the product’s mouthpiece and the induction port.
At a volumetric airflow rate of 60 L per minute (the nominal flow rate, Qn), the cutoff
aerodynamic diameters D50,Qn of Stages 1 to 4 are 13.0, 6.8, 3.1, and 1.7 µm, respectively.
The after filter effectively retains aerosolized drug in the particle size range up to 1.7 µm.
Ensure that Apparatus 4 is clean and free of drug solution from any previous tests. Place a 76mm diameter filter in the filter stage, and assemble the apparatus. Use a low pressure filter
capable of quantitatively collecting the passing drug aerosol, which also allows a quantitative
recovery of the collected drug. Set up Apparatus 4 using the control system as specified in
Figure 7. Attach the induction port (Figure 6a) and mouthpiece adapter to produce an airtight
seal between the product mouthpiece and the induction port. Use a mouthpiece adapter that
ensures that the tip of the product’s mouthpiece is flush with the open end of the induction
port. Ensure that the various stages of the apparatus are connected with airtight seals to
prevent leaks. Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the
airflow through the system as follows. Connect a flowmeter, calibrated for the volumetric flow
rate leaving the meter, to the induction port. Adjust the flow-control valve to achieve a steady
flow through the system at the required rate, Qout, so that Qout is within ±5% of the value
determined during testing for Delivered-Dose Uniformity. Ensure that critical flow occurs in the
flow-control valve, at the value of Qout to be used during testing, using the following
procedure. With the product in place, and the intended flow running, measure the absolute
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pressure on both sides of the flow-control valve (P2 and P3 in Figure 7). A ratio of P3/P2 0.5
indicates critical flow. Switch to a more powerful pump, and remeasure the test flow rate if
P3/P2 >0.5. Adjust the timer controlling the operation of the two-way solenoid valve so that it
opens that valve for the same duration, T, as used during testing for Delivered-Dose
Uniformity. Dispense 20 mL of a solvent, capable of dissolving the drug, into each of the four
upper stages of Apparatus 4, and replace the stoppers. [Caution—Some solvents form
flammable vapor-air mixtures that may be ignited during passage through a vacuum pump. Take
appropriate precautions (alternative solvents, use of vapor traps, minimal pump operating
times, etc.) to ensure operator safety during testing. ] Tilt the apparatus to wet the stoppers,
thereby neutralizing their electrostatic charge. Adjust the timer controlling the operation of the
two-way solenoid valve so that it opens the valve for the same duration, T, as used during
testing for Delivered-Dose Uniformity. Prime or load the inhalation powder according to the
labeled instructions. With the vacuum pump running and the two-way solenoid valve closed,
insert the product’s mouthpiece, held horizontally, into the induction port mouthpiece adapter.
Discharge the powder into the apparatus by activating the timer and opening the two-way
solenoid valve for the required duration, T ±5%. After the two-way solenoid valve has closed,
remove the product from the mouthpiece adapter. If additional doses are required for the
sample, reload the inhalation powder according to the labeled instructions, reinsert the
mouthpiece into the mouthpiece adapter, and repeat the operation until the required number of
doses have been discharged. After discharge of the last dose, switch off the vacuum pump.
Dismantle the filter stage of Apparatus 4. Carefully remove the filter, and extract the drug with
solvent. Rinse the mouthpiece adapter and induction port with a suitable solvent, and
quantitatively dilute to an appropriate volume. Rinse the inside of the inlet jet tube to Stage 1
(Figure 10), allowing the solvent to flow into the stage. Rinse the drug from the inner walls and
the collection plate of each of the four upper stages of the apparatus, into the solution in the
respective stage, by tilting and rotating the apparatus, while ensuring that no liquid transfer
occurs between the stages. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the six volumes of solvent. Ensure that the
method corrects for possible evaporation of the solvent during the test. This may involve the
use of an internal standard (of known original concentration in the solvent and assayed at the
same time as the drug) or the quantitative transfer of the liquid contents from each of the
stages, followed by dilution to a known volume. Determine the cutoff diameters of each of the
individual stages of the impactor, at the value of Q = Qout used in the test by the formula:
D50,Q = D50,Qn (Qn/Q)1/2
where D50,Q is the cutoff diameter at the flow rate, Q, used in the test, and the subscript, n,
refers to the nominal values determined when Qn equals 60 L of air per minute. Thus, when Q
equals 40 L of air per minute, the cutoff diameter of Stage 2 is given by the formula:
D50,40LPM = 6.8 µm × (60/40)1/2 = 8.3 µm

PF 37(4): Jul.-Aug. 2011

Figure 10. Apparatus 4: Schematic of multistage liquid impinger. (See Table 5 for component
specifications.)

Code

A,H
B,G

C
D

E

J

K

Table 5. Component Units of Multistage Liquid Impinger
(see Figure 10, Figure 10a, and Figure 10b)
Item
Description
Dimensions
(in mm unless
otherwise stated)
Jet tube Metal tube screwed onto partition wall sealed by see Figure 10a
gasket (C), polished inner surface
Partition Circular metal plate, diameter
120
wall
Thickness
see Figure 10a
Gasket
e.g., PTFE
to fit jet tube
Impaction Porosity O sintered-glass disk,
plate
Diameter
see Figure 10a
Glass
Plane polished cut glass tube
cylinder
Height, including gaskets
46
Outer diameter
100
Wall thickness
3.5
Sampling port (F) diameter
18
Stopper in sampling port
ISO 24/25
Metal
l-Profiled circular frame with slit
frame
Inner diameter
to fit impaction plate
Height
4
Thickness of horizontal section
0.5
Thickness of vertical section
2
Wire
Steel wire interconnecting metal frame and sleeve
(two for each frame)
Diameter
1

80
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Sleeve

M
N

Gasket
Bolt

P
Q
R

O-ring
O-ring
Filter
holder
Filter
support

S

T
U
V
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Metal sleeve secured on jet tube by screw
Inner diameter
Height
Thickness
e.g., silicone
Metal bolt with nut (six pairs), length
Diameter
Rubber O-ring, diameter × thickness
Rubber O-ring, diameter × thickness
Metal housing with stand and outlet

to fit jet tube
6
5
to fit glass cylinder
205
4
66.34 × 2.62
29.1 × 1.6
see Figure 10b

Perforated sheet metal, diameter

65

Hole diameter
Distance between holes (center-points)

3
4

Snaplocks
Multi-jet Jet tube (H) ending in multijet arrangement
tube
Outlet
Outlet and nozzle for connection to vacuum

see inserts Figure 10a
Internal diameter
(Figure 10b)

10

Figure 10a. Apparatus 4: Details of jet tube and impaction plate. Inserts show end of multi-jet
tube U leading to Stage 4. (See Table 6 for dimension specifications.)
Table 6. Apparatus 4: Dimensionsa of Jet Tube with Impaction Plate (see Figure 10a)
Filter (Stage
Type
Codeb
Stage 1
Stage 2
Stage 3
Stage 4
5)
Distance
1
9.5 ( .0, +.5) 5.5 ( .0,
4.0 ( .0,
6.0 ( .0,
n.a.
+.5)
+.5)
+.5)
Distance
2
26
31
33
30.5
0
Distance
3
8
5
5
5
5
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Distance
Distance
Distance
Distance
Diameter
Diameter
Diameter
Diameter

4
5
6c
7
c
d
e
f

Diameter
Diameter
Diameter
Diameter
Radiusd
Radiusd
Radiusd
Angle
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3
3
25
n.a.
14
30
16.5
22

3
3
25
n.a.
8.0(±0.1)
20
10.5
14

3
3
25
8.5
21
30
23.9
31

n.a.
3
25
n.a.
14
n.a.
n.a.
22

g
h
j
k
r
s
t
w

3
0
20
n.a.
25
50
27.9
31.75 ( .05,
+.00)
25.4
n.a.
n.a.
n.a.
16
46
n.a.
10

21
n.a.
n.a.
n.a.
22
46
50
53

13
n.a.
n.a.
n.a.
27
46
50
53

30
2.70 (±.05)
6.3
12.6
28.5
46
50
53

21
n.a.
n.a.
n.a.
0
n.a.
50
53

Angle

u

n.a.

n.a.

n.a.

45

n.a.

Angle

v

n.a.

n.a.

n.a.

60

n.a.

a
b
c
d

Measurements in mm with tolerances according to ISO 2768-m, unless otherwise stated.
See Figure 10a.
Including gasket.
Relative centerline of stage compartment; n.a.: not applicable.

Figure 10b. Apparatus 4: Expanded view of Stage 5. (See Table 5 for component
specifications.)
C.5.2 PROCEDURE—APPARATUS 4
Proceed as directed in the Procedure under Apparatus 2, except to use Apparatus 4.
C.6 Apparatus 5 for Inhalation Powders—Next Generation Impactor (with Preseparator)
C.6.1 DESIGN—APPARATUS 5
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The design and assembly of Apparatus 55 are shown in Figures 11, 11a, 11b, 11c, and 11d. The
induction port, used to connect the impactor to a product, is shown in Figure 6a. The device is
a cascade impactor with seven stages and a micro-orifice collector (MOC). Over the design
flow-rate range of 30 to 100 L per minute, the 50% efficiency cut-off diameters of the stages
(D50 values) range between 0.24 µm to 11.7 µm, evenly spaced on a logarithmic scale. In the
design flow-rate range, there are always at least five stages with D50 values between 0.5 µm
and 6.5 µm. The collection efficiency curves for each stage are sharp and minimize overlap
between stages. Material may be aluminum, stainless steel, or other suitable material.
The impactor layout has removable impaction cups with all the cups in one plane (Figures
11–11c). There are three main sections to the impactor: the bottom frame that holds the
impaction cups, the seal body that holds the jets, and the lid that contains the interstage
passageways (shown in Figures 11–11b). Multiple nozzles are used at all but the first stage
(11c). The flow passes through the impactor in a saw-tooth pattern.
Stage mensuration is performed periodically together with confirmation of other dimensions
critical to the effective operation of the impactor. Critical dimensions are provided below in
Table 7.
Table 7. Critical Dimensions for Apparatus 5 and 6
Description
Dimension (mm)
Pre-separator (see Dimension a in Figure 11d)
12.80 ± 0.05
Stage 1a Nozzle diameter
14.30 ± 0.05
Stage 2a Nozzle diameter
4.88 ± 0.04
Stage 3a Nozzle diameter
2.185 ± 0.02
Stage 4a Nozzle diameter
1.207 ± 0.01
Stage 5a Nozzle diameter
0.608 ± 0.01
a
Stage 6 Nozzle diameter
0.323 ± 0.01
Stage 7a Nozzle diameter
0.206 ± 0.01
MOC a
approximately 0.070
Cup Depth (see Dimension b in Figure 11b)
14.625 ± 0.10
Collection cup surface roughness
0.5 to 2 µm
b
Stage 1 Nozzle to seal body distance (see Dimension c )
0 ± 1.18
Stage 2 Nozzle to seal body distance (see Dimension c )b
5.236 ± 0.736
Stage 3 Nozzle to seal body distance (see Dimension c )b
8.445 ± 0.410
Stage 4 Nozzle to seal body distance (see Dimension c )b
11.379 ± 0.237
Stage 5 Nozzle to seal body distance (see Dimension c )b
13.176 ± 0.341
Stage 6 Nozzle to seal body distance (see Dimension c )b
13.999 ± 0.071
Stage 7 Nozzle to seal body distance (see Dimension c )b
14.000 ± 0.071
b
MOC Nozzle to seal body distance
14.429 – 14.571
a See Figure 11c.
b See Figure 11b.
In routine operation, the seal body and lid are held together as a single assembly. The
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impaction cups are accessible when this assembly is opened at the end of a product test. The
cups are held in a support tray, so that all cups can be removed from the impactor
simultaneously by lifting out the tray.
An induction port with internal dimensions identical to those defined in Figure 6a is connected
to the impactor inlet. When necessary, with inhalation powders, a pre-separator can be added
to avoid overloading the first stage. This pre-separator connects between the induction port
and the impactor. A suitable mouthpiece adapter is used to provide an airtight seal between
the product’s mouthpiece and the induction port.
At a volumetric airflow rate of 60 L per minute (the assigned reference flow rate for cutoffdiameter calculations, Qn), the cutoff-aerodynamic diameters D50,Qn, of Stages 1 to 7 are 8.06,
4.46, 2.82, 1.66, 0.94, 0.55, and 0.34 µm, respectively. The apparatus contains a terminal
micro-orifice collector (MOC) that for most formulations may eliminate the need for a final filter
as determined by method validation. The MOC is an impactor nozzle plate and collection cup.
The nozzle plate contains, nominally, 4032 jets, each approximately 70 µm in diameter. Most
particles not captured on Stage 7 of the impactor will be captured on the cup surface below
the MOC. (For impactors operated at 60 L per minute, the MOC is capable of collecting 80% of
0.14-µm particles). For formulations with a significant fraction of particles not captured by the
MOC, there is an optional filter holder that can replace the MOC or be placed downstream of
the MOC containing a suitable after-filter (glass fiber is often suitable).

Figure 11. Apparatus 5 (shown with the pre-separator in place).

Figure 11a. Components of Apparatus 5.
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Figure 11b. Layout of interstage passageways of Apparatus 5.

Figure 11c. Nozzle configuration of Apparatus 5.

Figure 11d. Pre-separator layout for Apparatus 5.
C.6.2 PROCEDURE—APPARATUS 5
Assemble the apparatus with the pre-separator (Figure 11d), unless experiments have shown
that its omission does not result in increased interstage drug losses (>5%) or particle reentrainment, in which case the pre-separator may be omitted. Place cups into the apertures in
the cup tray. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Insert the cup tray into the
bottom frame, and lower into place. Close the impactor lid with the seal body attached, and
operate the handle to lock the impactor together so that the system is airtight.
The pre-separator may be assembled as follows: assemble the pre-separator insert into the
pre-separator base; fit the pre-separator base to the impactor inlet; add 15 mL of the solvent
used for sample recovery to the central cup of the pre-separator insert; place the preseparator body on top of this assembly; and close the two catches. [Caution—Some solvents
form flammable vapor-air mixtures that may be ignited during passage through a vacuum pump.
Take appropriate precautions (e.g., alternative solvents, use of vapor traps, minimal pump
operating times, etc.) to ensure operator safety during testing. ]
Connect an induction port with internal dimensions as defined in Figure 6a either to the
impactor inlet or to the pre-separator inlet atop the cascade impactor (Figure 11d). Place a
suitable mouthpiece adapter in position at the end of the induction port so that the mouthpiece
end of the product, when inserted, lines up along the horizontal axis of the induction port. The
front face of the product’s mouthpiece is flush with the front face of the induction port,
producing an airtight seal. When attached to the mouthpiece adapter, the product should be
positioned in the same orientation as intended for use. Connect the apparatus to a flow system
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according to the scheme specified in Figure 7.
Unless otherwise prescribed, conduct the test at the flow rate used in the test for DeliveredDose Uniformity drawing 4 L of air from the mouthpiece of the product and through the
apparatus. Connect a flowmeter to the induction port. Use a flowmeter calibrated for the
volumetric flow leaving the meter, or calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For a meter calibrated for the entering volumetric flow (Qin), use the
formula:
Qout = QinP0 /(P0 – DP)
where P0 is the atmospheric pressure and DP is the pressure drop over the meter. Adjust the
flow control valve to achieve steady flow through the system at the required rate, Qout (±5%).
Ensure that critical flow occurs in the flow-control valve by the Procedure described for
Apparatus 2. Adjust the timer controlling the operation of the two-way solenoid valve so that it
opens the valve for the same duration, T, as used during testing for Delivered-Dose Uniformity.
Prime or load the inhalation powder according to the labeled instructions. With the vacuum
pump running and the two-way solenoid valve closed, insert the product’s mouthpiece, held
horizontally, into the induction port mouthpiece adapter. Discharge the powder into the
apparatus by activating the timer and opening the two-way solenoid valve for the required
duration, T (±5%). After the two-way solenoid valve has closed, remove the product from the
mouthpiece adapter. If additional doses are required for the sample, reload the inhalation
powder according to the labeled instructions, reinsert the mouthpiece into the mouthpiece
adapter, and repeat the operation until the required number of doses have been discharged.
After discharge of the last dose, switch off the vacuum pump.
Dismantle the apparatus, and recover drug for analysis as follows: remove the induction port
and mouthpiece adapter from the pre-separator and extract the drug into an aliquot of solvent;
if used, remove the pre-separator from the impactor, without spilling the solvent into the
impactor; and recover the active ingredient from all inner surfaces. Open the impactor by
releasing the handle and lifting the lid. Remove the cup tray, with the collection cups, and
recover the active ingredient from each cup into an aliquot of solvent. Using the method of
analysis specified in the individual monograph, determine the mass of drug contained in each of
the aliquots of solvent. Determine the cutoff diameters of each of the individual stages of the
impactor, at the value of Q = Qout used in the test by the formula:
D50,Q = D50,Qn (Qn/Q)X (Eq. 2)
where D50,Q is the cutoff diameter at the flow rate, Q, used in the test, and the subscript, n,
refers to the nominal or reference value for Qn = 60 L of air per minute (see Table 8). The
values for the exponent, x, are listed in Table 8. Thus, when Q = 40 L of air per minute, the
cutoff diameter of Stage 2 is given by the formula:
D50,40LPM = 4.46 µm × (60/40)0.52 = 5.51 µm
Analyze the data as directed under Data Analysis.
Table 8. Cutoff Aerodynamic Diameter for Stages of Apparatus 5 and 6
Use Equation 2 to calculate D50,Q for flow rates, Q, in the range 30 to 100 L per
minute with Qn = 60 L per minute.
Stage

D50,Qn

x

1
2

8.06
4.46

0.54
0.52
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2.82
1.66
0.94
0.55
0.34

0.50
0.47
0.53
0.60
0.67

C.7 Apparatus 6 for Inhalation Aerosol and Sprays—Next Generation Impactor (without
Pre-separator)
C.7.1 DESIGN—APPARATUS 6
Apparatus 6 is identical to Apparatus 5 (Figures 11–11d), except that the pre-separator is not
to be used. Use this apparatus at a flow rate of 30 L per minute (±5%), unless otherwise
prescribed in the individual monograph.
C.7.2 PROCEDURE—APPARATUS 6
Assemble the apparatus without the pre-separator. Place cups into the apertures in the cup
tray. To ensure efficient particle capture, coat the particle collection surface of each stage
with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile solvent,
unless it has been demonstrated to be unnecessary. Insert the cup tray into the bottom frame,
and lower into place. Close the impactor lid with seal body attached, and operate the handle to
lock the impactor together so that the system is airtight. Connect an induction port with
internal dimensions as defined in Figure 6a to the impactor inlet. Use a mouthpiece adapter that
ensures that the tip of the product’s mouthpiece is flush with the open end of the induction
port. Turn on the vacuum pump to draw air through the cascade impactor, and calibrate the
airflow through the system with an appropriate flowmeter attached to the open end of the
induction port. Adjust the flow-control valve on the vacuum pump to achieve steady flow
through the system at the required rate, and ensure that the airflow through the system is
within ±5% of this flow rate. Unless otherwise prescribed in the patient instructions, shake the
product for 5 seconds, and discharge one delivery to waste. With the vacuum pump running,
insert the mouthpiece into the mouthpiece adapter, and immediately fire the minimum
recommended dose into the cascade impactor. Keep the valve depressed for a duration
sufficient to ensure that the dose has been completely discharged. If additional sprays are
required for the sample, shake the product, reinsert it into the mouthpiece adapter, and
immediately fire the next minimum recommended dose.
Repeat until the required number of doses has been discharged. The number of minimum
recommended doses discharged must be sufficient to ensure an accurate and precise
determination of Aerodynamic Size Distribution. [Note—The number of minimum recommended
doses is typically not greater than 10. ] After the last dose has been discharged, remove the
product from the mouthpiece adapter. Rinse the mouthpiece adapter and induction port with a
suitable solvent, and dilute quantitatively to an appropriate volume.
Dismantle the apparatus, and recover the drug for analysis as follows: remove the induction
port and mouthpiece adapter from the apparatus, and recover the deposited drug into an
aliquot of solvent; open the impactor by releasing the handle and lifting the lid; remove the cup
tray, with the collection cups; and extract the active ingredient in each cup into an aliquot of
solvent. Using the method of analysis specified in the individual monograph, determine the
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quantity of active ingredient contained in each of the aliquots of solvent.
Determine the cutoff diameters of each of the individual stages of the impactor, at the value of
Q employed in the test by using Equation 2 with values obtained from Table 8. Thus, when Q =
30 L of air per minute, the cutoff diameter of Stage 2 is given by the formula:
D50,30LPM = 4.46 µm × (60/30)0.52 = 6.40 µm
To analyze the data, proceed as directed under Data Analysis.
D. DATA ANALYSIS
This section describes the data analysis required to define the Aerodynamic Size Distribution of
the drug output from the test product, after the use of Apparatus 1, 2, 3, 4, 5, or 6. Enter the
data collected from Apparatus 1, 2, 3, 4, 5, or 6 in the table of mass summaries as shown in
Table 9. Perform only those calculations specified in the individual monograph.
Table 9. Table of Mass Summaries for Analyses of Inhalation Aerosols, Sprays, and
Inhalation Powders
Mass
Dosage
Form

Apparatus 1
Inhalation Aerosols
and Sprays

Apparatus
2
Inhalation
Powders

Apparatus
3a
Inhalation
Powders

Apparatus
4b
Inhalation
Powders

Apparatus
5c
Inhalation
Powders

Apparatus 6c
Inhalation Aerosols
and Sprays

Mouthpiece
adapter
Preseparator
Stage 0 of
impactor
Stage 1 of
impactor/
impinger
Stage 2 of
impactor/
impinger
Stage 3 of
impactor/
impinger
Stage 4 of
impactor/
impinger
Stage 5 of
impactor/
impinger
Stage 6 of
impactor/
impinger
Stage 7 of
impactor/
impinger
Filter

Ai

—

A iA i

—

Ai

—

Ai

—

Ai

—

Ai

—

—

—

—

—

AP

—

—

—

AP

—

—

—

A0

B0

—

—

A0

B0

—

—

—

—

—

—

A1

B1

A1

—

A1

B1

A1

—

A1

B1

A1

B1

A2

B2

A2

B2

A2

B2

A2

B2

A2

B2

A2

B2

A3

B3

A3

B3

A3

B3

A3

B3

A3

B3

A3

B3

A4

B4

A4

B4

A4

B4

A4

B4

A4

B4

A4

B4

A5

B5

A5

B5

A5

B5

—

—

A5

B5

A5

B5

A6

B6

—

—

A6

B6

—

—

A6

B6

A6

B6

A7

B7

—

—

A7

B7

—

—

A7

B7

A7

B7

AF

BF

AF

BF

AF

BF

AF

BF

AF

BF

AF

BF

Sums of
Masses

SA d

S Bd

SA d

S Bd

SA d

S Bd

SA d

S Bd

SA d

S Bd

SA d

S Bd

a Stages 6 and 7 are omitted from Apparatus 3 at airflow rates >60 L per minute.
b Stage 5 of Apparatus 4 is the filter stage (see Figure 10).
c For Apparatus 5 and 6, values for the drug masses A F and BF refer to collections from the MO C, and/or the after-filter if used.
d S A is the total drug mass recovered from the apparatus; S B is the mass of drug recovered from the impactor (Apparatus 1, 3,
5 and 6) or from the impactor stages beneath the uppermost stage (Apparatus 2 and 4).
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D.1 Calculations
D.1.1 FINE PARTICLE DOSE AND FINE PARTICLE FRACTION
Calculate the total mass, SA, of drug delivered from the mouthpiece of the product into the
apparatus. Then calculate the total mass, R, of drug found on the stages of the apparatus and
the filter that captured the drug in the fine particle size range appropriate for the particular
drug being tested. The Fine Particle Dose is calculated by the formula:
R/n
where R is as stated above, and n is the number of doses discharged during the test. The Fine
Particle Fraction that would be delivered from the product is then calculated by the formula:
R/SA
D.1.2 CUMULATIVE PERCENTAGE (CUM%) OF DRUG MASS LESS THAN STATED AERODYNAMIC
DIAMETER
Construct Table 10 by dividing the mass of drug on the filter stage by SB (see Table 9).
Multiply the quotient by 100, and enter this number as a percentage opposite the effective
cutoff diameter of the stage immediately above it in the impactor or impinger stack. For
Apparatus 2 or 4, use Equation 1 to calculate the stage cutoff diameters, D50,Q, at the airflow
rate, Q, used during the test. For Apparatus 5 and 6, use Equation 2 with Table 8. For
Apparatus 1, use the cutoff diameters quoted by the manufacturer. For Apparatus 3, present
the data as cumulative percentages of mass on and below the stated stage, and avoid
assigning values to stage cutoff diameters.
Repeat the calculation for each of the stages in the impactor or impinger stack, in reverse
numerical order (largest to smallest stage number). For each stage, calculate the cumulative
percentage of mass less than the stated aerodynamic diameter by adding the percentage of
the mass on that stage to the total percentage from the stages below and entering the value
opposite the effective cutoff diameter of the stage above it in the stack. Thus, the percentage
of drug on the filter can be seen to have aerodynamic diameters less than the cutoff diameter
of the stage above the filter, and the percentage on the filter plus the percentage on the
stage above have diameters less than the cutoff diameter of the stage above that, and so on.
Repeat the calculation for each of the remaining stages in reverse numerical order (see Table
10).
Table 10. Cumulative Percentage (Cum%) of Mass Less than the Stated Aerodynamic
Diameter
Apparatus 1
Mass
Filter
Stage 7
Stage 6
Stage 5
Stage 4
Stage 3
Stage 2
Stage 1
Stage 0

Cum
%c

b
c
d
e
f
g
h
100

D50d
0.4
0.7
1.1
2.1
3.3
4.7
5.8
9.0
—

Apparatus 2
Cum
%c

—
—
b
c
d
100
—
—

D50,Qd
0.625
—
—
1.25
2.5
5.0
10.0
—
—

Apparatus 3a
Cum
%c

b
c
d
e
f
g
h
100

D50,Qe
0.4
0.7
1.1
2.1
3.3
4.7
5.8
9.0
—

Apparatus 4b
Cum
%c

—
—
—
b
c
100
—
—

D50,Qd
1.7
—
—
—
3.1
6.8
13.0
—
—

Apparatus 5
Cum
%c

b
c
d
e
f
g
—
100

D50,Qd
0.34
0.55
0.94
1.66
2.82
4.46
8.06
——
—

Apparatus 6
Cum
%c

b
c
d
e
f
g
—
100

D50,Qd
0.34
0.55
0.94
1.66
2.82
4.46
8.06
—
—
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a Stages 6 and 7 are omitted from Apparatus 3 at flow rates >60 L per minute; thus, values for b and c should be omitted for
Apparatus 3, where necessary.
b The filter stage in Apparatus 4 is Stage 5 (see Figure 8).
c [(mass on stage/S B)×100] % + (total% of S B from stages below).
d The 50% cutoff diameter of the stage immediately above that indicated (e.g., for Stage 4, enter the cutoff diameter for Stage
3; for Apparatus 2 or 4, calculate as D50, Q from Equation 1; for Apparatus 5 or 6, calculate as D50,Q from Equation 2 using Table
7). V alues entered in the Table are correct for Apparatus 1, 2, 4, 5, and 6 only when used at 28.3, 60.0, 60.0, 60.0, and 60.0 L
per minute, respectively.
e The D50 values are only valid at a flow rate of 28.3 L per minute.

If necessary, and where appropriate, plot the percentage of mass less than the stated
aerodynamic diameters, versus the aerodynamic diameter, D50,Q, on log probability paper.
Calculate the GSD by the equation:

Use these data and/or plot to determine values for MMAD and GSD etc., as appropriate and
when necessary (see Figure 12).

Figure 12. Plot of cumulative percentage of mass less than stated aerodynamic diameter
(probability scale) versus aerodynamic diameter (log scale).
2S (USP35)

1 A suitable cascade impactor is available as Model Mk II from Thermo-Electron, 27 Forge Parkway, Franklin,
MA 02038. The impactor is used without the preseparator. The inhaler is connected to the impactor via the
induction port, atop the entrance cone shown in Figure 4. If an equivalent impactor is employed, the induction
port in Figure 4a should be used, although the entrance cone (Fig. 4b) should be replaced with one to fit the
impactor in question. Note that the internal surfaces of the induction port (Fig. 4a) are designed to fit flush with
their counterparts in the entrance cone (Fig. 4b). This design avoids aerosol capture at the junction of the two
pipes.
2 The cascade impactor is available as the Model 160 Marple-Miller Impactor from MSP C orporation,
Minneapolis, MN. The inhaler should be connected to the impactor via the induction port, shown in Figure 4a.
3 The cascade impactor is available as the Andersen 1AC FM Non-Viable C ascade Impactor (Mark II) from
Thermo-Electron, 27 Forge Parkway, Franklin, MA 02038. The impactor is used with the preseparator.
4 The five-stage impinger is available from C opley Instruments, plc, Nottingham, UK. The inhaler should be
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connected to the impactor via the induction port, shown in Fig. 4 and Fig. 4a.
5 The cascade impactor is available as the Next Generation Pharmaceutical Impactor from MSP C orporation,
Minneapolis, MN.
1 A suitable cascade impactor is available as Model Mk II from Thermo-Electron, 27 Forge Parkway, Franklin,
MA 02038. The impactor is used without the pre-separator. The product is connected to the impactor via the
induction port, atop the entrance cone shown in Figure 6. If an equivalent impactor is employed, the induction
port in Figure 6a should be used, although the entrance cone (Figure 6b) should be replaced with one to fit the
impactor in question. Note that the internal surfaces of the induction port (Figure 6a) are designed to fit flush
with their counterparts in the entrance cone (Figure 6b). This design avoids aerosol capture at the junction of
the two pipes.
2 The cascade impactor is available as the Model 160 Marple-Miller Impactor from MSP C orporation,
Minneapolis, MN. The product should be connected to the impactor via the induction port, shown in Figure 6a.
3 The cascade impactor is available as the Andersen 1AC FM Non-Viable C ascade Impactor (Mark II) from
Thermo-Electron, 27 Forge Parkway, Franklin, MA 02038. The impactor is used with the pre-separator.
4 The five-stage impinger is available from C opley Instruments, plc, Nottingham, UK. The product should be
connected to the impactor via the induction port, shown in Figure 8 and Figure 6a.
5 The cascade impactor is available as the Next Generation Pharmaceutical Impactor from MSP C orporation,
Minneapolis, MN.

BRIEFING
911 Viscosity, USP 34 page 406. On basis of comments received, the Excipient Monographs
and General Chapters—Physical Analysis Expert Committees proposed to reorganize USP
viscosity chapters. Following new general chapter guideline, the Committees recommend
canceling previous two proposals 911 Newtonian Viscosity and 912 Non-Newtonian
Rheology in PF 34(6) [Nov.–Dec. 2008] and subsequently developing the following two
proposed test chapters and one general informational chapter.
1. 911

Viscosity—Capillary Viscometer Methods

2. 912

Rotational Rheometer Methods

3. 1911

Rheometry

The test procedures in the previous proposal

911

Newtonian Viscosity and in

Newtonian Rheology from PF 34(6) will be included in the newly proposed

911

912

Non-

Viscosity—

Capillary Viscometer Methods and 912 Rotational Rheometer Methods, respectively,
while the theories and applications from the PF 34(6) proposal will be incorporated into a
general information chapter

1911

Rheometry.

Interested parties are encouraged to submit comments to Hong Wang, Ph.D., Sr. Scientific
Liaison to the General Chapters–Physical Analysis and Excipient Monographs Expert
Committee Expert Committees (301-816-8351 or hw@usp.org).
(GCPA, EXC: H. Wang.)
Correspondence Number—C73181

Comment deadline: September 30, 2011
Change to read:
911

VISCOSITY
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Change to read:
Viscosity is a property of liquids that is closely related to the resistance to flow. It is defined in
terms of the force required to move one plane surface continuously past another under
specified steady-state conditions when the space between is filled by the liquid in question. It
is defined as the shear stress divided by the rate of shear strain. The basic unit is the poise;
however, viscosities commonly encountered represent fractions of the poise, so that the
centipoise (1 poise = 100 centipoises) proves to be the more convenient unit. The specifying of
temperature is important because viscosity changes with temperature; in general, viscosity
decreases as temperature is raised. While on the absolute scale viscosity is measured in poises
or centipoises, for convenience the kinematic scale, in which the units are stokes and
centistokes (1 stoke = 100 centistokes) commonly is used. To obtain the kinematic viscosity
from the absolute viscosity, the latter is divided by the density of the liquid at the same
temperature, i.e., kinematic viscosity = (absolute viscosity)/(density). The sizes of the units
are such that viscosities in the ordinary ranges are conveniently expressed in centistokes. The
approximate viscosity in centistokes at room temperature of ether is 0.2; of water, 1; of
kerosene, 2.5; of mineral oil, 20 to 70; and of honey, 10,000.
Absolute viscosity can be measured directly if accurate dimensions of the measuring
instruments are known, but it is more common practice to calibrate the instrument with a liquid
of known viscosity and to determine the viscosity of the unknown fluid by comparison with that
of the known.
Many substances, such as the gums employed in pharmacy, have variable viscosity, and most
of them are less resistant to flow at higher flow rates. In such cases, a given set of conditions
is selected for measurement, and the measurement obtained is considered to be an apparent
viscosity. Since a change in the conditions of measurement would yield a different value for the
apparent viscosity of such substances, the instrument dimensions and conditions for
measurement must be closely adhered to by the operator.
Measurement of Viscosity— The usual method for measurement of viscosity involves the
determination of the time required for a given volume of liquid to flow through a capillary.
Many capillary-tube viscosimeters have been devised, but Ostwald and Ubbelohde
viscosimeters are among the most frequently used. Several types are described, with
directions for their use, by the American Society for Testing and Materials (ASTM, D-445).
The viscosity of oils is expressed on arbitrary scales that vary from one country to another,
there being several corresponding instruments. The most widely used are the Redwood No. I
and No. II, the Engler, the Saybolt Universal, and the Saybolt Furol. Each of these
instruments uses arbitrary units that bear the name of the instrument. Standard temperatures
are adopted as a matter of convenience with these instruments. For the Saybolt instruments,
measurements usually are made at 100 F and 210 F; Redwood instruments may be used at
several temperatures up to 250 F; and values obtained on the Engler instrument usually are
reported at 20 C and 50 C. A particularly convenient and rapid type of instrument is a
rotational viscosimeter, which utilizes a bob or spindle immersed in the test specimen and
measures the resistance to movement of the rotating part. Different spindles are available for
given viscosity ranges, and several rotational speeds generally are available. Other rotational

PF 37(4): Jul.-Aug. 2011

93

instruments may have a stationary bob and a rotating cup. The Brookfield, Rotouisco, and
Stormer viscosimeters are examples of rotating-bob instruments, and the MacMichael is an
example of the rotating-cup instrument. Numerous other rotational instruments of advanced
design with special devices for reading or recording, and with wide ranges of rotational speed,
have been devised.
Where only a particular type of instrument is suitable, the individual monograph so indicates.
For measurement of viscosity or apparent viscosity, the temperature of the substance being
measured must be accurately controlled, since small temperature changes may lead to
marked changes in viscosity. For usual pharmaceutical purposes, the temperature should be
held to within ±0.1 .
Procedure for Cellulose Derivatives— Measurement of the viscosity of solutions of the highviscosity types of methylcellulose is a special case, since they are too viscous for the
commonly available viscosimeters. The Ubbelohde viscosimeter may be adapted (cf. ASTM, D1347) to the measurement of the ranges of viscosity encountered in methylcellulose
solutions.
Calibration of Capillary-Type Viscosimeters— Determine the viscosimeter constant, k, for
each viscosimeter by the use of an oil of known viscosity.*
Ostwald-Type Viscosimeter— Fill the tube with the exact amount of oil (adjusted to 20.0 ±
0.1 ) as specified by the manufacturer. Adjust the meniscus of the column of liquid in the
capillary tube to the level of the top graduation line with the aid of either pressure or
suction. Open both the filling and capillary tubes in order to permit the liquid to flow into the
reservoir against atmospheric pressure. [Note—Failure to open either of these tubes will
yield false values. ] Record the time, in seconds, for liquid to flow from the upper mark to
the lower mark in the capillary tube.
Ubbelohde-Type Viscosimeter— Place a quantity of the oil (adjusted to 20.0 ± 0.1 ) in the
filling tube, and transfer to the capillary tube by gentle suction, taking care to prevent
bubble formation in the liquid by keeping the air vent tube closed. Adjust the meniscus of
the column of liquid in the capillary tube to the level of the top graduation line. Open both
the vent and capillary tubes in order to permit the liquid to flow into the reservoir against
atmospheric pressure. [Note—Failure to open the vent tube before releasing the capillary
tube will yield false values. ] Record the time, in seconds, for the liquid to flow from the
upper mark to the lower mark in the capillary tube.
Calculations—
Calculate the viscosimeter constant, k, from the equation:
k = v/d t
in which v is the known viscosity of the liquid in centipoises, d is the specific gravity of the
liquid tested at 20 /20 , and t is the time in seconds for the liquid to pass from the upper
mark to the lower mark.
If a viscosimeter is repaired, it must be recalibrated, since even minor repairs frequently
cause significant changes in the value of its constant, k.
The following procedures are used to determine the viscosity of a Newtonian fluid, i.e. a fluid
having a viscosity that is independent of the shearing stress rate or rate of shear. Unless
otherwise directed in the individual monograph, use Method I.
• Method I. Ubbelohde-Type Capillary Viscometer
Apparatus: The determination may be carried out with an Ubbelohde-type capillary
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viscometer (Figure 1) that has the specifications described in Table 1.

1
1A
2
2A
3
3A
4
4A
5

Table 1
Nominal
Measurable
Internal
Constant
Kinematic
Diameter Volume
of
Viscosity
of Tube,
of Bulb,
Viscometer
Range
Size
R (mm)
C (mL)
Number
(mm2/s2)
(mm2/s)
(±2%)
(±5%)
0.01
3.5–10
0.64
5.6
0.03
6–30
0.84
5.6
0.1
20–100
1.15
5.6
0.3
60–300
1.51
5.6
1.0
200–1000
2.06
5.6
3.0
600–3000
2.74
5.6
10
2,000–10,000 3.70
5.6
30
6,000–30,000 4.07
5.6
100
20,000–100,000 6.76
5.6

Internal
Diameter
of Tube,
N (mm)
2.8–3.2
2.8–3.2
2.8–3.2
2.8–3.2
3.7–4.3
4.6–5.4
4.6–5.4
5.6–6.4
6.8–7.5

Figure 1. Ubbelohde-Type Capillary Viscometer
Procedure: Fill the viscometer through tube (L) with a sufficient quantity of the sample
liquid that is appropriate for the viscometer being used or by following the manufacturer’s
instructions. Carry out the experiment with the tube in a vertical position. Fill bulb (A)
with the liquid, and also ensure that the level of liquid in bulb (B) is below the exit to the
ventilation tube (M). Immerse the viscometer in a water or oil bath stabilized at the
temperature specified in the individual monograph, and control the temperature to ±0.1 ,
unless otherwise specified in the individual monograph. Maintain the viscometer in a
vertical position for a time period of NLT 30 min to allow the sample temperature to reach
equilibrium. Close tube (M), and raise the level of the liquid in tube (N) to a level about 8
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mm above mark (E h1 ). Keep the liquid at this level by closing tube (N) and opening
tube (M). Open tube (N), and measure the time required for the level of the liquid to drop
from mark (E h1 ) to (F h2 ), using an appropriate accurate timing device. [Note—The
minimum flow time should be 350 s for size no. 1, and 200 s for all other sizes. ]
Calibration: Calibrate each viscometer at the test temperature by using fluids of known
viscosities of appropriate viscosity standards to determine the viscometer constant, k.
The viscosity values of the calibration standards should bracket the expected viscosity
value of the sample liquid. Determine the viscometer constant at the same temperature
as the sample liquid under test.
Calculate the viscometer constant, k, in mm2/s2, from the equation:
k = /(

× t)

= known viscosity of the liquid (mPa·s)
= density of the liquid (g/mL)
t= flow time for the liquid to pass from the upper mark to the lower mark (s)
Calculation of kinematic and Newtonian viscosities of sample fluid: A capillary
viscometer is chosen so that the flow time, t, ranges between 200 and 1000 s, and the
kinematic energy correction is typically less than 1%. If the viscosity constant, k, is
known, use the following equation to calculate the kinematic viscosity, v, in mm2/s, from
the flow time, t, in s.
v =k × t
If the density of the fluid is known at the temperature of the viscosity measurement,
then the Newtonian viscosity,

, in mPa·s, is calculated by the following equation:
=v ×

= density of the fluid (g/mL)
The flow time of the fluid under examination is the mean of NLT three consecutive
determinations. The result is valid if the percentage of the relative standard deviation
(%RSD) for the three readings is NMT 2.0%.
• Method II. Ostwald-Type Capillary Viscometer
Apparatus: The determination may be carried out with an Ostwald-type capillary
viscometer (Figure 2).
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Figure 2. Ostwald-Type Capillary Viscometer
Procedure: Fill the tube with an amount of the sample that is appropriate for the
viscometer being used or by following the manufacturer’s instructions. The volume of fluid
used should be such that the lower bulb is not entirely emptied when the fluid is drawn
up through the capillary tube to the uppermost graduation mark. Carry out the
experiment with the tube in a vertical position. Using suction, draw the fluid up through
the capillary tube until the meniscus is at the level of the uppermost graduation. Immerse
the viscometer in a water or oil bath stabilized at the temperature specified in the
individual monograph, and control the temperature to ±0.1 , unless otherwise specified in
the individual monograph. Maintain the viscometer in a vertical position for a time period
of NLT 30 min to allow the sample temperature to reach equilibrium. With both the filling
and capillary tubes open to atmospheric pressure, record the time, in s, required for the
liquid to flow from the upper mark to the lower mark in the capillary tube. [Note—The
minimum flow time should be 200 s. ]
Calibration and Calculation of kinematic and Newtonian viscosities of sample fluid:
Proceed as directed in Method I. 2S (USP35)
* Oils of known viscosities may be obtained from the C annon Instrument C o., Box 16, State C ollege, PA
16801. For methylcellulose, choose an oil the viscosity of which is as close as possible to that of the type of
methylcellulose to be determined.

BRIEFING
912 Rotational Rheometer Methods, The previous proposal, which appeared on page 1541
of PF 34(6) [Nov.–Dec. 2008], is hereby cancelled. See also briefing for Viscosity
this PF.
(GCPA: EXC: H. Wang.)
Correspondence Number—C72648
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Comment deadline: September 30, 2011
Add the following:
912

ROTATIONAL RHEOMETER METHODS

The principle of the method is to measure the force (torque) acting on a rotor when it rotates
at a constant angular velocity (rotational speed) in a liquid. Rotational rheometers/viscometers
are used for measuring the viscosity of Newtonian fluids, i.e., a fluid having a viscosity that is
independent of the shearing stress or rate of shear, or the apparent viscosity of nonNewtonian fluids, which may exhibit different rheological behavior, depending on shear rate,
shear stress, and temperature. The following procedures are used to determine the viscosity of
Newtonian fluids or the apparent viscosity of non-Newtonian fluids. The calculated viscosity of
Newtonian fluids should be the same (within experimental error), regardless of the rate of shear
(or rotational speed). Given the dependence of viscosity on temperature, the temperature of
the substance being measured should be controlled to within ±0.1 , unless otherwise specified
in the individual monograph. Unless otherwise directed in the individual monograph, use Method
I.
• Method I. Spindle Rheometers (Relative Rheometers—Spindle Viscometers)
Apparatus: In the spindle rheometer, the apparent viscosity is determined by rotating a
cylinder- or disc-shaped spindle, as shown in Figures 1 and 2, respectively, immersed in a
large volume of liquid.

Figure 1. Cylinder-shaped spindles
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Figure 2. Disc-shaped spindles
Procedure: Under these test conditions the shear rate varies between the outer surface of
the spindle and the inner surface of the beaker or cup containing the test substance. As a
result, the following additional information must be described along with the measured
viscosity:
1.Size and geometry of spindle
2.Angular velocity of the spindle
3.Inner dimensions of the test substance container
4.Temperature of the test substance
5.Use of instrument accessories, such as a spindle guard
The preparation of the test specimen, including its temperature equilibration, is specified
in each individual monograph. Follow the instrument manufacturer’s recommendations
regarding sample loading, spindle selection, and rheometer operation.
Calibration: Select at least two calibration standards whose viscosities differ by an
appropriate value within the viscosity range of the test substance under measurement for
a particular rheometer configuration. Measure the apparent viscosities of each standard,
as described above, at multiple rotational speeds.
A rheometer is deemed to be calibrated if the measured apparent viscosities are within
±5% of the stated values.
Generally, calibration, operation, and cleaning of rheometers should be performed
according to the recommendations of the instrument manufacturer.
• Method II. Concentric Cylinder Rheometers
Apparatus: In the concentric cylinder rheometer, the apparent viscosity is determined by
placing the liquid in the gap between the inner cylinder and the outer cylinder. Both
controlled-stress and controlled-rate rotational rheometers are available commercially in
configurations with absolute geometries (e.g., very small annular gaps between concentric
cylinders) that can provide consistent meaningful rheological data for non-Newtonian
fluids. Controlled-stress rheometers provide controlled-stress input and measurement of
the resulting shear rate. Controlled-rate rheometers provide controlled-shear rate input
and determination of the resultant shear stress, measured as torque, on the rotor axis.
Concentric cylinder rotational rheometers are sometimes referred to as cup-and-bob
rheometers. These rheometers involve an additional design consideration depending on
whether the outer cylinder (the cup) or the inner cylinder (the bob) rotates. Rotating-cup
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rheometers are called Couette systems, while rotating-bob rheometers are called Searle
systems, as shown in Figures 3 and 4, respectively.

Figure 3. Couette concentric cylinder system for rotational rheometry
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Figure 4. Searle concentric cylinder system for rotational rheometry
Procedure: Place a sufficient quantity of a test solution or fluid in the rheometer, and
allow the sample to reach thermal equilibrium, as indicated in the individual monograph.
Operate the rheometer following the procedure recommended by the instrument
manufacturer. For non-Newtonian systems, the monograph indicates the type of
rheometer that should be used and the shear rate(s) at which the measurements should
be made. [Note—If there is evidence of time-dependent (e.g., thixotropic or rheopectic)
rheological behavior, this should be noted as well. ] As noted above, apparent viscosity
should be determined preferably over a range of shear rates appropriate to the material
under test. The procedure employed to measure the apparent viscosity of the liquid is
repeated, using a series of different rotational speeds or torques. From a series of such
viscosity measurements, the relationship between the shear rate and the shear stress of
a non-Newtonian liquid—that is, the flow characteristics of the non-Newtonian liquid—can
be obtained.
Calculation of shear rate, shear stress, and viscosity: For non-Newtonian liquids, it is
essential to specify the shear stress, , or the shear rate , at which the viscosity is
measured. Under narrow gap conditions (conditions satisfied in absolute rheometers), the
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shear rate in s 1, and the shear stress , in Pa (N·m 2 or kg·m 1·s 2), are
calculated using Equations (1) and (2) below:

RO= radius of the outer cylinder (m)
RI= radius of the inner cylinder (m)
= angular velocity (radians/s)
M= torque acting on the cylinder surface (N·m)
h= height of immersion of the inner cylinder in the liquid medium (m)
Generally, the angular velocity can be calculated using equation (3):

n= rotational speed, in revolutions/min (rpm)
For laminar flow, the viscosity
following equation:
[Note—1 Pa·s = 1000 mPa·s]

(or apparent viscosity

A pp),

in Pa·s , is given by the

k= the constant of the apparatus (radians/m3)
Calibration: Rotational rheometers require calibration with rheological standards
appropriate for the shear rate or shear stress ranges and the nature of the fluid or
material under evaluation. To determine or confirm the apparatus constant, perform the
necessary tests beforehand, using fluids of known viscosities of appropriate viscosity
standards at the required temperature.
• Method III. Cone-and-Plate Rheometers
Apparatus: In the cone-and-plate rheometer, the liquid is introduced into the gap between
a flat disc or plate and a cone forming a defined angle. Viscosity measurement can be
performed by rotating the cone or the plate, as shown in Figures 5 and 6, respectively.
[Note—Because the volume of sample is small, even a small absolute loss of solvents can
cause a large percentage change in viscosity. Such a loss is particularly relevant for
volatile solvents but could be significant even for nonvolatile solvents such as water. ]
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Figure 5. Cone-and-plate rotational rheometer with rotating cone

Figure 6. Cone-and-plate rotational rheometer with rotating plate
Procedure: Proceed as directed for Method II. Concentric Cylinder Rheometers.
Calculation of shear rate, shear stress, and viscosity: The shear rate
shear stress

, in Pa, are calculated by Equations (5) and (6),

= angle between the flat plate and the cone (radians)
R= radius of the cone (m)
= angular velocity (radians/s)
M= torque acting on the flat plate or cone surface (N·m)

in s-1, and the
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(or apparent viscosity

App),

in Pa·s, is given by the

k= constant of the apparatus (radians/m3)
Calibration: Proceed as directed for Calibration under Method II. Concentric Cylinder
Rheometers.
2S (USP35)

BRIEFING
1079 Good Storage and Shipping Practices, USP 34 page 595. The chapter revision
proposed in PF 36(1) [Jan.–Feb. 2010] was canceled; a new revised chapter is now being
proposed. This general information chapter provides guidance on the proper storage and
transportation of drug products from manufacturer to end user. From 1997 to 2000, five
shipping studies were undertaken that examined the effect of temperature and humidity
fluctuations on drug products shipped around the world. The results of these initial studies led
to the development of this chapter, first published in Pharmacopeial Forum in 2003. The
chapter recognizes that the pathway from manufacturer to end user is usually complex and
that numerous parties are involved in a series of handoffs. During this process, different modes
of transportation may be used between holding facilities, and every storage area may have
different controls and procedures. The proposed revision of the entire chapter is intended to
reflect the globalization of activities surrounding the storage and transportation of drug
products. As we have moved from a regional to a global supply chain, it has become more
important to adhere to labeled temperature requirements. In addition, the importance of cold
chain storage has increased with the increase in biotechnology-derived drugs requiring
refrigerated storage.
(PSD: D. Hunt.)
Correspondence Number— C90627

Comment deadline: September 30, 2011
Change to read:
1079

GOOD STORAGE AND SHIPPING PRACTICES GOOD STORAGE AND DISTRIBUTION
PRACTICES FOR DRUG PRODUCTS 2S (USP35)

This general information chapter is intended to provide general guidance concerning storing,
distributing, and shipping of Pharmacopeial preparations. It describes procedures to maintain
proper storage environments for individual articles and to ensure a preparation's integrity,
including its appearance, until it reaches the user. There is no change to any applicable
requirements under Current Good Manufacturing Practices, approved labeling, state laws
governing pharmacies, the USP General Notices and Requirements, or monographs. The section
Preservation, Packaging, Storage, and Labeling under General Notices and Requirements
provides definitions for storage conditions. All equipment used for recording, monitoring, and
maintaining temperatures and humidity conditions should be calibrated on a regular basis. This
calibration should be based on NIST or international standards (see Monitoring Devices—Time,
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Temperature, and Humidity 1118 ). A Pharmacopeial preparation may follow several
potential routes from the original manufacturer to the patient. Figure 1 documents present-day
routes and the associated risks. These risks include exposure to temperature excursions,
humidity, light, and oxygen. For a discussion of climates, stability, and mean kinetic
temperature, see Pharmaceutical Stability 1150 . Temperature- or humidity-sensitive articles
are to be handled in accordance with General Notices.
PACKAGING AND STORAGE STATEMENT IN MONOGRAPHS
Most articles have storage conditions identified by their labeling. Otherwise, it is expected that
the conditions for storing the article are specified in the monograph according to definitions
provided by the General Notices and Requirements in the section Storage Temperature, and
Humidity under Preservation, Packaging, Storage, and Labeling. In cases where additional
information on packaging and storage is desired, a specific statement can be provided in the
Packaging and storage or the Labeling section of the individual monograph.
STORAGE IN WAREHOUSES, PHARMACIES, TRUCKS, SHIPPING DOCKS, AND OTHER
LOCATIONS
Pharmacopeial articles are to be stored in locations that adhere to conditions established by
the manufacturer. Where the desired conditions are not established, use storage conditions
described in the General Notices and Requirements or in the applicable monograph.
Warehouses
Observation of the temperature variations in a warehouse should be made over a period of time
to establish a meaningful temperature profile, including the temperature variations and
conditions in the different parts of the warehouse. Such observations provide data and
information as to where various products should and should not be stored.
ESTABLISHING TEMPERATURE PROFILES
Temperature profiles can be compiled by using a suitable number of thermometers or other
temperature recording instruments. They should be placed throughout the warehouse in divided
sections and should record the maximum and minimum temperatures during a 24-hour period for
a total of three consecutive 24-hour periods. The following factors, some of which may give
rise to extreme temperatures, should be considered during the process of temperature profiling:
the size of the space, location of space heaters, sun-facing walls, low ceilings or roofs, and
geographic location of the warehouse. Temperature profiling for warehouses already in use
should be done at known times of external temperature extremes, e.g., for a period of not less
than 3 hours when air temperatures are higher than 25 or less than 15 . Profiling should be
conducted in both summer and winter. A mean kinetic temperature (MKT) should be obtained
for any separate areas within the warehouse (see Pharmaceutical Calculations in Prescription
Compounding 1160 for samples of MKT calculations). The temperature profile report should
provide recommendations for the use of each area and identification of any areas that are
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found unsuitable for storage of Pharmacopeial articles.
CONTROLLED ROOM TEMPERATURE
The General Notices provide a definition for Controlled Room Temperature. A temperature
profiling study should demonstrate suitability for storing Pharmacopeial articles in areas
determined to be at room or controlled room temperature. A suitable number of temperature
and humidity recording instruments should be installed to record temperatures and to provide
temperature and humidity profiles. Temperature recording should be conducted to meet the
recommendations for establishing mean kinetic temperature and to comply with the warehouse's
written procedures. These written procedures should have a reporting mechanism in place
whereby a management tree is informed in the event that predefined high or low temperatures
or humidity limits have been exceeded. Records can be reviewed as determined by the
management system in accordance with established guidelines. Suitable training should be
provided to persons who record temperatures, and proper quality accountability and tracking
systems should be maintained.
STORAGE AT “COOL,” “COLD,” “REFRIGERATOR,” AND “FREEZING” CONDITIONS
The General Notices provide definitions for cool, cold, refrigerator, and freezer temperatures. A
temperature profiling study can be used to establish suitable areas for storing Pharmacopeial
articles designated to be stored under these conditions. Equipment used for storing
Pharmacopeial articles at these low temperatures should be qualified according to written
procedures provided by the management system. Recording devices can be installed within the
equipment and used to enable both air and product temperatures to be recorded at regular
intervals. The number and location of monitoring devices should be determined based on the
result of the temperature profile. Temperature records should be examined at least once every
24 hours or as provided in the equipment protocol. Cool or cold conditions are moisturecondensing conditions. Humidity-monitoring devices should be used in cases where the
repackaged Pharmacopeial article is humidity-sensitive or labeled to avoid moisture.
Additionally, there can be installed temperature-monitoring, and where necessary, humiditymonitoring alarm devices that have the capability of alerting personnel in the event that control
is compromised. There should be protocols in place to address procedures for responding to
failed temperature and humidity ranges both for normal working hours and outside normal
working hours. Temperature and humidity should be reviewed at the times designated by the
established protocol. The calibration and functioning of all temperature and humidity monitoring
devices, including alarms and other associated equipment, should be checked on an annual or
semiannual basis. Regular maintenance protocols should be in place for refrigeration equipment.
There should be written agreements in place for all maintenance and evaluation procedures,
and this may include an emergency situation protocol.
PERSONNEL TRAINING
Suitable training should be provided for personnel who handle Pharmacopeial articles with
special storage temperature requirements. Personnel should know how to monitor temperatures
and how to react to situations where adverse temperatures are identified. There should be
written procedures in place such that the adverse temperatures are recorded and a report
provided to the parties designated in the protocol.
QUALIFICATION OF “COLD” EQUIPMENT OR STORES
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Only climate control equipment for which a contractor has provided documentation to assure its
suitability for temperature and humidity requirements should be considered for use in cold
storage. Qualification procedures on a regular basis should be independently conducted on
equipment in cold stores to guarantee suitability and proper functioning. The procedure should
demonstrate the temperature profile for both air and product temperatures when empty as well
as when loaded. The procedure should also demonstrate the time taken for temperatures to
exceed the maximum temperature in the event of a power failure. Qualification should consider
thermal fluctuations that occur during stock replenishment and order removal. The results of
the qualification should demonstrate the ability of the equipment to maintain the required
temperature range in all areas, defining any zones which should not be used for storage such
as those areas in close proximity to cooling coils, cold air streams from equipment ventilation,
or doors. The variability of the system can be characterized by using the relative standard
deviation. Thermal monitoring should establish that the system is rugged in that its temperature
profile is consistent and reliable.
DISTRIBUTION AND SHIPMENT OF PHARMACOPEIAL ARTICLES
As indicated in Figure 1, a drug can take a variety of paths from the manufacturer to the
patient. In the simplest form of the distribution system, the manufacturer ships directly to the
customer, such as a doctor's office, clinic, or hospital. However, more often, the article leaves
the manufacturer's chain of control and enters a complex system of handoffs that involve the
distribution chain to the patient.

Figure 1. Drug product distribution.
Shippers and distributors are to follow the proper storage and shipping requirements as
indicated by the manufacturer. For particular cases, such as shipment of vaccines or other
special care products, manufacturers may require special shipping and storage conditions
generally referred to as “cold-chain management”. For example, manufacturers may attach
temperature-monitoring devices and/or ship under specified controlled conditions to ensure that
the desired temperature is maintained during distribution (see Monitoring Devices—Time,
Temperature, and Humidity 1118 ). Validated, available temperature- and/or humiditymonitoring technologies can be used to monitor the overall environmental effect on compendial
articles during shipment and distribution. In these cases, the shipping conditions of the package
are recorded. In general, extreme temperature conditions (i.e., excessive heat, freezing) should
be avoided. Distribution systems chosen to deliver pharmaceutical products from the
manufacturer to the consumer should take into account basic operational parameters, including
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timeliness and accountability. The manufacturer's FDA-approved storage conditions, printed in
the labeling of the product, should be observed carefully at each destination of the distribution
chain (see Figure 1), unless specifically instructed otherwise in the immediate label of a
shipping container. This may be the case for certain pallet-sized shipping containers where the
amount of refrigerant contained (e.g., dry ice, gel packs) is based on an anticipated exterior
condition approximating controlled room temperature. In such cases, placing the shipping
container in a refrigerator could lead to the product inside freezing, potentially affecting its
quality. Items requiring special handling conditions will have those conditions clearly indicated in
the labeling for the product. The Prescription Drug Marketing Act of 1987 and the ensuing
regulations in 21 CFR Part 203, Prescription Drug Marketing, and Part 205, Guidelines for State
Licensing of Wholesale Prescription Drug Distributors, provide the necessary regulations and
guidance for several legs of the distribution chain for the prescription drug. The manufacturers
and distributors should work together to establish proper distribution and product-handling
requirements for the purpose of ensuring appropriate product maintenance in transit.
Pharmacists and physicians should educate patients regarding proper storage of products to
ensure product integrity at the patient level. Information that may be considered in determining
the ability of pharmaceutical articles to maintain their Pharmacopeial requirements of identity,
strength, quality, and purity through the distribution channel may include, but is not limited to
the following: ICH stability studies, temperature cycling studies, stability shipping studies,
ongoing regulatory stability commitment studies, market experience portfolio (i.e., product
complaint files, historical product performance data, product development data), and product
labeling commitments.
Qualification Protocol
Operational and performance testing should be parts of a formal qualification protocol that may
use controlled environments or actual field testing based on the projected transportation
channel. These should reflect actual load configurations, conditions, and expected
environmental extremes. Temperature and humidity monitors should be placed into the product
or a representative thereof. Testing consists of consecutive replicate field transportation tests
using typical loads, according to an established protocol.
Physical Challenges
Most products are sufficiently robust to withstand distribution with minimal protection from
routine, well-understood physical and environmental hazards. Several standard test methods
are available for evaluating package performance factors under well-documented shock,
vibration, and other transit elements. The American Society for Testing and Materials
document, “Standard Practice for Performance Testing of Shipping Containers and Systems”
(ASTM D4169-98), and the International Safe Transit Association's (ISTA) specifications have
similar methods for evaluation of shipping performance for various types of transit modes such
as less-than-truckload (LTL), small package, rail car, air freight, etc. From the manufacturer's
perspective, these tests are very useful in evaluating the product and package durability and
fragility. The tests are usually performed on shipping carton quantities of a specific stock
keeping unit (SKU) as an unbroken whole. Fragility problems can be corrected with package
modifications, which could include placing cotton or rayon coilers in bottles or placing top and
bottom pads in the shipping case to reduce package breakage. Not all protective packaging
elements follow the SKU through the system.
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Basic packaging principles are observed when separating the contents of the manufacturer's
shipping container or pallet load into smaller quantities or when shipping mixed product loads.
For example, glass containers are wrapped in a bubble wrap or other shock-absorbent material,
and the void spaces are filled with dunnage (e.g., foam “peanuts,” shredded or tightly crumpled
paper, bubble wrap) to protect the contents from shifting and drop impact. Large-volume liquid
containers may be bagged in plastic and kept isolated to prevent leakage to, or damage of,
adjacent packages. “Skin packaging,” a term describing a heat-shrink film that anchors the load
to fiberboard and prevents load shift, can be an excellent method of protecting some products,
but it may be inappropriate for heat-sensitive products. The shipping carton should have
correct Edge Crush Test (ECT) characteristics for freight being shipped according to Item 222
of the National Motor Freight Classification and Rule 41 of the Uniform Freight Classification.
Temperature Challenges
Shipping of temperature-sensitive articles requiring thermally controlled packaging presents a
special challenge. Unlike shock, vibration, and other physical hazards, thermal hazards tend to
be unique to a given system. Except for temperature-controlled trucks, the distribution
environment is widely variable and depends upon a range of factors, including points of origin
and destination, article and container sensitivities to cold, accidental freezing or heat, transit
mode (e.g., air, truck, combination), time, weather or season, and carrier type (e.g., small
package carrier or integrator, freight forwarder, U.S. Postal Service). The shippers should know
and understand the systems they use and should design the protective package accordingly.
Storage temperature ranges may not be indicative of the allowable tolerances during shipping.
Articles labeled for special storage conditions (between 2 and 8 ) vary widely in their
tolerance of short-term exposure to heat and cold. Some, such as soft gelatin capsules and
suppositories, carry specific upper limits on both shipping containers and SKUs. A temperature
cycling study intended to identify those articles affected by multiple, short-term excursions
beyond the storage temperature limits should be performed. These data provide wholesalers
and distributors with clearer identification of those drug products that may require special
handling during particular climate conditions.
Materials
Two commonly used types of refrigerant are dry ice (frozen carbon dioxide gas) and wet ice
(frozen water), which appears as crushed ice or in various refrigerant packs containing water
mixtures with specific freezing points. Phase-change materials are also available for specialized
needs. Refrigerant packs should have the correct freezing point and be cooled to the proper
surface temperature prior to use. Articles harmed by accidental freezing may require a barrier
between the refrigerant and the product or some other special packaging. Insulating materials
commonly available include foil laminates, bubble pack, corrugated, fabricated, and molded
expanded polystyrene (EPS) cartons, and fabricated or molded urethane foam cartons, with or
without additional interior components. Recognized standard test methods for evaluating
insulated containers are currently limited to ASTM D3103-92, Standard Test Method for
Thermal Insulation Quality of Packages and a method under development by ISTA. Neither one
fully addresses all of the issues involved, but both include useful information on testing
procedures. The tests should be modified based on the specific system adopted by the shipper.
The manufacturer may be able to supply helpful data on specific articles and their
requirements.
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SPECIAL HANDLING
Certain classes of Pharmacopeial articles may require special handling. Such articles include
products classified as dangerous goods under the Department of Transportation (DOT), state,
local, or carrier rules; or products classified as controlled substances by the Drug Enforcement
Administration (DEA) or by individual states.
Receipt of Pharmacopeial Articles
Upon arrival of Pharmacopeial articles to warehouse loading docks, premises, and other arrival
areas, the Pharmacopeial articles are to be transferred to their manufacturer-designated
storage environment within 2 hours of receipt. Limitation of the time spent in the uncontrolled
environments of the loading dock is important to ensure that the integrity of the preparation is
maintained. This is particularly important for temperature-sensitive items. The delivery
document should be reviewed at receiving sites to ensure that the Pharmacopeial articles have
not been subjected to any delays during shipment that could result in exposure of the article to
extremes of temperature, or to any other extreme or undesirable conditions. In addition, to the
extent possible, the receiving personnel should ensure that the ruggedness requirements in
shipment have been met. For Pharmacopeial articles requiring extreme caution, special handling,
or refrigerator temperature storage conditions, those who supply the articles (e.g., wholesalers
and manufacturers) and delivery contractors should provide documented evidence to show that
the required temperature range has been maintained during transportation. In the event that a
deviation from the required temperature range has been observed during shipment of an article
requiring such a shipping condition, the supplier or delivery contractors should document the
temperature and the length of time the compendial article was not within the designated
storage temperature. The pharmaceutical manufacturer may be contacted to determine the
significance of unusual variances.
Distribution or Shipping Vehicles
Vehicles used for shipping or distribution of Pharmacopeial articles designated for storage at
controlled room temperature should be suitably equipped to ensure that the temperature
excursions encountered are within those allowed under the definition of controlled room
temperature. Steps should be taken so that extremes of temperature, whether above or below
the specified temperatures, should not be encountered during delivery procedures.
Vehicle Qualification
Where practical, suitable monitoring devices, as determined by the manufacturer and vehicle
supplier, should be placed in different areas of the truck to establish a temperature profile of
the truck over a 24-hour period during a hot summer day, average high, and a cold winter day,
average low, and during a normal or typical day. The derived temperature of the different parts
of the truck may be used to determine the location on the truck where Pharmacopeial articles
can be stored appropriately during shipping (see Monitoring Devices—Time, Temperature, and
Humidity

1118 ).
Pharmaceutical Delivery Staff
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As part of the contractual agreement between the delivery contractors and the manufacturers,
the delivery staff should receive appropriate training to ensure that they are aware of the
correct procedures to follow in maintaining products at the correct temperature. There may be
written procedures that should be documented. In addition, the transportation personnel should
have proper knowledge of the temperature profile of the vehicle to ensure proper placement of
the Pharmacopeial articles in the vehicle. Pharmacopeial articles requiring special handling (e.g.,
refrigeration) or environmentally sensitive preparations should be transported in a suitably
equipped vehicle to ensure that the articles are maintained at the correct temperature during
distribution, shipping, and delivery and up to the point of receipt. Special arrangements should
be made to inform receiving personnel, pharmacists, or other appropriate customers that the
package includes articles with special storage and handling specifications and are to be
transferred immediately to the appropriate storage location. The manufacturer, shipper, or
delivery agency should provide appropriate evidence to show that the required temperature has
been maintained throughout shipment and distribution.
SHIPMENT FROM MANUFACTURER TO WHOLESALER
Wholesaler
The wholesaler receiving the pharmaceutical articles should ensure that on arrival, the
pharmaceutical articles are transferred to the correct environment without delay, as directed
by the manufacturer, ideally within 2 hours of receipt. The wholesaler should examine the
delivery documentation to ensure that the products have not been subjected to any delays
during shipping and distribution that could result in products being exposed to extreme
temperatures (see also the previous section, Pharmaceutical Delivery Staff, for staff
expectations). The vehicles used for shipping of Pharmacopeial articles to the wholesaler,
especially products requiring storage at low temperatures, should be suitably equipped to
ensure that products are maintained at the correct temperature during shipping and distribution
and up to the point of receipt. The receiving wholesaler staff should be informed that the
articles are transferred to appropriate storage locations without delays. The vehicles used for
shipping of Pharmacopeial articles requiring storage at room or controlled room temperatures
should be suitably equipped to ensure that extremes of temperature, either above or below the
specified temperature, do not occur during delivery procedures. Warehouse staff may receive
appropriate training to ensure that the correct procedures are followed to maintain required
temperature conditions (see Pharmaceutical Delivery Staff). Where necessary, a monitoring
device for temperature and/or humidity should be used during shipping and distribution.
Compromised Temperature Conditions
A procedure should be in place in the warehouse to define the action that should be taken in
the event of deviation from required storage conditions. Suitable records should be maintained
to explain the reason for deviation and the resulting action that is taken. The product in
question should then be placed in a quarantine status. Advice on the suitability of the product
for use should be sought from the manufacturer or supplier of the product. The manufacturer's
response should be documented prior to issuing the product to the customer, if that product is
to be issued to the customer.
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SHIPMENT FROM MANUFACTURER OR WHOLESALER TO PHARMACY
Pharmacy
The pharmacy receiving the pharmaceutical articles should ensure that on arrival, the
pharmaceutical articles are transferred to the correct environment without delay, as directed
by the manufacturer, ideally within 2 hours of receipt. The pharmacy personnel should examine
the delivery documentation to ensure that the products have not been subjected to any delays
during shipping and distribution, which could result in the products being exposed to extreme
temperatures (see also the section, Pharmaceutical Delivery Staff, for staff expectations). The
vehicles used for shipping of Pharmacopeial articles to the pharmacy, especially products
requiring storage at low temperatures, should be suitably equipped to ensure that products are
maintained at the correct temperature during shipping and distribution and up to the point of
receipt. Receiving pharmacy staff should be informed that the articles are to be transferred to
appropriate storage without delays. The vehicles used for shipping of Pharmacopeial articles
requiring storage at room or controlled room temperatures should be suitably equipped to
ensure that extremes of temperature, either above or below the specified temperature, do not
occur during delivery procedures. Pharmacy staff may receive appropriate training to ensure
that the correct procedures are followed to maintain required temperature conditions (see
Pharmaceutical Delivery Staff). Where necessary, a monitoring device for temperature and/or
humidity may be used during shipping and distribution.
Compromised Temperature Conditions
The pharmacy should maintain appropriate procedures to define action that should be taken in
the event of deviation from the required storage conditions. Suitable records should be
maintained to explain the reason for deviation and the resulting action taken (including whether
the product is issued to the patient or customer). Advice on the suitability of the product for
use as an acceptable drug article should be sought from the manufacturer or supplier of the
product.
SHIPMENT FROM PHARMACY TO PATIENT OR CUSTOMER
The pharmacy should provide an appropriate label on the package sent through air or surface
routes so that the deliverer does not place the package in a mailbox exposed to extremes in
temperature. In the event that no one is available to receive the package, the deliverer should
return the package to the post office or service office, and store it in a cool or air-conditioned
area until the patient can receive the medication. In the event that the package has not been
delivered for more than 2 days, the package may be returned to the pharmacy. For
temperature-sensitive articles, it is important that proper arrangements be made to protect the
drug from exposure to high temperatures, or in some cases, from freezing conditions. Such
arrangements may include the following: insulating the packaging, or packaging with coolant
included; overnight shipping; and pre-arranged pick-up. In such cases, the pharmacy should
provide on the external package a statement of an acceptable period of delay for delivery. The
patient or customer should examine the delivery documentation to ensure that the package has
not been subjected to any unacceptable delays during shipping and distribution. The patient or
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customer receiving the pharmaceutical articles, either by mail, delivery vehicle from the
pharmacy, or directly from the physician or pharmacy, should be advised that upon receipt the
articles are to be transferred to appropriate storage conditions without delay, as directed by
the pharmacy, ideally within 2 hours of receipt. The vehicle used for air or surface shipping and
distribution of pharmaceutical packages to the patient or customer, especially those requiring
low temperatures, should contain the article suitably packaged in containers that maintain the
desired storage conditions until the article reaches the patient or customer. The vehicles used
for shipping and distribution of pharmaceutical articles to patient or customer, especially those
requiring storage at room or controlled room temperatures, should be suitably equipped during
extreme temperature conditions such that the packages are not exposed to extremes of
temperature either in winter or summer months. In the event that the vehicle is not adequately
equipped with air conditioning or heating to protect the product, the time that the article is
exposed to ambient conditions should be strictly limited, ideally not more than 2 hours. Where
appropriate, a monitoring device may be used to ensure that required temperatures are
maintained until the package reaches the patient or customer. If stability studies for the
Pharmacopeial preparation indicate that it is particularly sensitive to environmental insults or if
appropriate shipping safeguards described in this section are not feasible, then the preparation
should be shipped by a different method whereby environmental control can be maintained.
Compromised Temperature Conditions
There should be appropriate procedures in the pharmacy that ships the article to the patient or
customer defining the action that should be taken in the event that a patient reports that
there has been a deviation from required storage conditions for an article, including any
environmentally sensitive preparations, prior to the point of receipt. Advice on the suitability of
the product for use should be provided to the patient or customer after the manufacturer or
supplier's advice has been sought by the pharmacy. If the patient is advised to use the article,
such advice should be documented and noted appropriately by the pharmacy. Otherwise,
appropriate arrangements should be made to promptly replace the suspect article. For mail
order items, replacement from local pharmacies may be an option to ensure an uninterrupted
supply of medication.
RETURNS OF PHARMACEUTICAL ARTICLES FROM PATIENTS OR CUSTOMERS
The wholesaler, manufacturer, and pharmacy personnel should evaluate the validity of the
request for return, and maintain an auditable account of the return receipt. For products in
unopened manufacturer's containers that have been at variance during shipment, arrangement
may be made to return the products to the manufacturer, wholesaler, or pharmacy preferably
within 3 working days of receipt. The supplier may request records or written confirmation by
the patient to show that the product was stored properly while in possession of the customer.
STORAGE OF PHYSICIAN SAMPLES HANDLED BY SALES REPRESENTATIVES IN
AUTOMOBILES
Storage of physician samples by sales representatives is regulated under 21CFR 203.34(b)(4);
each manufacturer or distributor is to have appropriate policies in place to ensure that proper
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storage is maintained. The following suggestions may be considered in response to this need
and are of interest to practitioners who may observe actual practices. Automobile trunks or
passenger cabins used for the storage and distribution of physician samples should be
monitored to determine the temperature profile of the trunk or passenger cabin. Suitable
monitoring devices as determined by the sales representative may be placed in different areas
of the trunk or passenger cabin on a hot summer and a cold winter day. Measurements should
also be made during typical 24-hour periods, and the derived temperature should be used for
calculation of the mean kinetic temperature at which the sample is stored (see Pharmaceutical
Calculations in Prescription Compounding 1160 for examples of MKT calculations). If the
Pharmacopeial article designated for storage requires storage at controlled room temperature,
then suitable measures should be taken to maintain the sample within the allowable limits of the
storage parameters. Environmentally-sensitive preparations should not be stored in automobile
trunks or passenger cabins. Medications stored in automobile trunks or passenger cabins should
be removed at the end of 3 days. Sales representatives should consider parking automobiles in
shaded areas to avoid extreme heat during the summer and in garages to avoid freezing
temperatures during the winter. The use of vouchers from the manufacturer that patients could
use to obtain medication samples from participating pharmacies is an alternative way of
providing drug samples.
STABILITY, STORAGE, AND LABELING
The design of stability studies of Pharmacopeial articles is based on knowledge of the behavior,
properties, and stability of the drug substance and experience gained from clinical formulation
studies.1 The length of the studies and the storage conditions for a Pharmacopeial article
should be sufficient to cover storage, shipment, distribution, and subsequent use of a
Pharmacopeial article. The data gathered from ICH accelerated testing or from testing at an
ICH intermediate condition may be used to evaluate the effect of short-term excursions outside
the label storage conditions such as those that might occur during shipping. See
Pharmaceutical Stability

1150 .

STATEMENTS/LABELING OF THE IMMEDIATE CONTAINERS OR PACKAGE INSERT
Storage statements should be based on the stability evaluations of the Pharmacopeial drug
substances and in accordance with national and international requirements.
Room Temperature Storage Statements—For products with a storage statement reading,
“Store at controlled room temperature,” the labeling should read as follows on the package
insert: “Store at 20 C to 25 C (68 F to 77 F), excursions permitted between 15 C and 30 C
(between 59 F and 86 F). Brief exposure to temperatures up to 40 C (104 F) may be tolerated
provided the mean kinetic temperature does not exceed 25 C (77 F); however, such exposure
should be minimized.”
On the immediate container label, the following may read for controlled room temperature
(CRT): “Store at 20 C to 25 C (68 F to 77 F), excursions permitted between 15 C and 30 C
(between 59 F and 86 F).”
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Cool Storage Statement—The storage statement for labeling may be as follows: “Store in a
cool place, 8 C to 15 C (46 F to 59 F).”
Refrigerator Storage Statement—The storage statement for labeling may be as follows:
“Store in a refrigerator, 2 C to 8 C (36 F to 46 F).”
Freezer Storage Statement—The storage statement for labeling may be as follows: “Store in
a freezer, –25 C to –10 C (–13 F to 14 F).”
See the General Notices for all other applicable storage conditions, such as Storage Under
Nonspecific Conditions and store in a Dry Place. Additional cautionary statements to protect
the Pharmacopeial drug product from extreme temperature and humidity conditions may be
included on the container label and package insert, as the manufacturer desires.

INTRODUCTION
This general information chapter describes good storage and distribution practices to ensure
that drug products (medicines) reach the end user (practitioners and patient/consumers) with
quality intact.
In the context of this chapter, the following definitions are used.
Definitions
Continuous improvement: recurring activity to increase the ability to fulfill requirements
(see Quality Management Systems—Fundamentals and Vocabulary. ISO Standard 9000:2005).
Distribution: refers to shipping and distribution activities involved in the movement of drug
products in various forms of vehicles.
Distribution Management System: a program that covers the movement, including storage
and transportation, of drug products.
Documentation: recorded information.
Drug products: medicines, including marketed human and veterinary prescription finished
dosage medications, in-process materials, drug product samples, clinical trial materials
(investigational medicines/IND), over-the-counter products (OTC).
End user: the patient as well as the practitioner administering the drug product to the
patient.
Environmental Management System: a program that covers temperature, humidity, light
and/or other environmental controls that require consideration in the storage and distribution
of product throughout the lifecycle.
Hazardous materials and/or dangerous goods: any item or chemical which, when being
transported or moved, is a risk to public safety or the environment, and is regulated as such
under any of the following: Hazardous Materials Regulations (49 CFR 100–180); International
Maritime Dangerous Goods Code; Dangerous Goods Regulations of the International Air
Transport Association; Technical Instructions of the International Civil Aviation Organization;
or the U.S. Air Force Joint Manual, Preparing Hazardous Materials for Military Air Shipments.
International Conference on Harmonization (ICH) Guidance for Industry, Q10
Pharmaceutical Quality System: an internationally harmonized document intended to assist
the pharmaceutical industry by describing a model for an effective quality management
system, referred to as the pharmaceutical quality system, the ICH Q10 model.
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Knowledge management: a systematic approach to acquiring, storing, and disseminating
information related, in the context of this chapter, to the storage and distribution processes
and components.
Mean Kinetic Temperature (MKT): the single calculated temperature at which the total
amount of degradation over a particular period is equal to the sum of the individual
degradations that would occur at various temperatures.
Preventive measures: the actions to eliminate the cause of a potential nonconformity or
other undesirable potential situation.
Quality: the physical, chemical, microbiological, biological, bioavailability, and stability
attributes that a drug product should maintain in order to be deemed suitable for therapeutic
or diagnostic use. In this chapter, the term is also understood to convey the properties of
safety, identity, strength, quality, and purity.
Quality Management System (QMS): in the context of this chapter, minimally a set of
policies, processes, and procedures that enable the identification, measurement, control, and
improvement of the distribution and storage of drug product. It is the management system
used to direct and control a company with regard to quality (see ICH Q10 model and
Pharmaceutical Quality System—Fundamentals and Vocabulary, ISO Standard 9000:2005).
Risk Management System: a systematic process used to assess, control, communicate, and
review risks to the quality of a drug product across the product lifecycle. Integral to an
effective pharmaceutical quality system, it is a systematic and proactive approach to
identifying, scientifically evaluating, and controlling potential risks to quality as described in
ICH Q10. It facilitates continual improvement of process performance and product quality
throughout the product lifecycle. ICH Q9 Quality Risk Management provides principles and
examples of tools that can be applied to different aspects of pharmaceutical quality.
Service Level Agreement or Contract (commonly referred to as a Quality Agreement):
a negotiated, documented agreement between the customer and service provider that defines
the common understanding about materials or service, quality specifications, responsibilities,
guarantees, and communication mechanisms. It can be either legally binding or an information
agreement. A Service Level Agreement may also specify the target and minimum level of
performance, operation, or other service attributes.
Storage Management System: a program that covers the control of the storage of drug
products.
Supply chain: the continuum of entities spanning the storage and distribution lifecycle of a
product to the end user.
Transport vehicles: vehicles for the supply chain such as semitrailer trucks, vans,
emergency medical service vehicles, industry representatives’ automobiles, trains, airplanes,
sea vessels, and mail delivery vehicles.
SCOPE
Good storage and distribution practices apply to all organizations and individuals involved in any
aspect of the storage and distribution of drug products, including but not limited to the
following:
Manufacturers of drug products for human and veterinary use where manufacturing may
involve operations at the application holder’s facilities (i.e., facilities that belong to the
holder of an approved New Drug Application or Abbreviated New Drug Application) or at
those of a contractor for the applicant holder
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Manufacturers of combination products
Packaging operations by the manufacturer or a designated contractor for the applicant
holder
Repackaging operations in which the drug product may be owned by an organization
other than the primary manufacturer
Laboratory operations at the manufacturer’s or at the contractor’s site
Clinical trial drug products
Physician offices
Pharmacies including retail, mail order, hospital, and nursing home pharmacies
Brokers, importers, and exporters
Wholesale distributors; distribution companies involved in automobile, rail, sea, and air
services
Third-party logistics providers, freight forwarders, and consolidators
Mail distributors including the U.S. Postal Service (USPS) and other shipping services
including expedited shipping services
Health care professional dispensing or administering the drug product to the end user
The information is intended to apply to all drug products regardless of environmental storage or
distribution requirements.
It is recognized that conceivably there are special cases and many alternative means of
fulfilling the intent of this chapter and that these means should be scientifically justified.
Although this chapter is not intended to address the storage and distribution of active
pharmaceutical ingredients (APIs), excipients, radioactive products, reagents, solvents, medical
devices, medical gases, or clinical trial materials for which storage requirements may not yet be
defined (e.g., Phase I clinical trial drug products), the general principles outlined here may be
useful if applied selectively or comprehensively.
This general information chapter does not supersede or supplant any applicable national (e.g.,
European Medicines Agency’s Good Distribution Practices), federal (e.g., FDA’s cGMP, approved
drug product labeling), state (e.g., Boards of Pharmacy) storage and distribution requirements,
or USP monographs. The Preservation, Packaging, Storage, and Labeling section of General
Notices and Requirements provides definitions and requirements for storage conditions. This
chapter is not intended to cover counterfeiting, falsified medicines, drug pedigrees or other
supply chain security, or chain of custody issues.
BACKGROUND INFORMATION
Storage and distribution processes involve a complex movement of product around the world,
differences in documentation and handling requirements, and communication amongst various
entities in the supply chain. The translation of best practices into good storage and distribution
meets these challenges and sets forth a state of control.
The good storage and distribution practices described in this chapter should facilitate the
movement of drug products throughout a supply chain that is controlled, measured, and
analyzed for continuous improvements and should maintain the integrity of the drug product in
its packaging during storage and distribution.
RESPONSIBILITIES
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The holder of the drug product application, the drug product manufacturer (in the case of many
OTC’s where there is no application) and the repackager bear primary responsibility and
accountability including but not limited to the following:
The decision for regulatory submissions, where applicable, relative to the contents of
this chapter for the storage and distribution of drug products. If breaches occur in any
of the QMS systems and cannot be justified or documented with scientific evidence, the
appropriate entity should consider action with the product to ensure the public safety.
Determining proper storage and handling practices.
Communicating storage and distribution practices through the supply chain.
Stability profile or the associated stability information from the holder, inclusive of
distribution conditions and excursions that may be allowable should they occur. These
stability profiles include the approved storage conditions for the shelf life of the drug
product and, where appropriate, supporting data for the distribution conditions, if these
differ from the storage conditions.
Appropriate firms, such as an applicant holder, are to convey relevant environmental
requirements (e.g., when appropriate, product-specific life-cycle stability data), when
needed to support deviations or temperature excursions. If stability data cannot be
reviewed or is not shared, an assessment may be needed to consider regulatory review
or other appropriate actions (e.g., destruction of product or additional stability testing).
Recalling the drug product if it is found to be adulterated in any part of the supply
chain.
However, all organizations along the supply chain bear responsibility for ensuring that they
handle drug products within adequate storage and distribution parameters that will not affect
the drug product identity, strength, quality, purity, or safety.
LABELING CONSIDERATIONS FOR DRUG PRODUCTS
The environmental requirements for drug product storage conditions should be indicated on the
drug product primary container–closure system. If space on the immediate container is too
small (e.g., an ampule) or is impractical for the container–closure system (e.g., blister
package), this information can be placed on the most immediate container of appropriate size
(e.g., carton). Environmental storage conditions and/or environmental warning statements
should be evident, securely fixed, and indelible on the outermost container (generally the
shipping container).
Products classified as hazardous materials and/or dangerous goods by the U.S. Department of
Transportation or other relevant authorities or bodies should be labeled, stored, and handled in
accordance with applicable federal/state/local regulations. Drug products classified as
controlled substances by the U.S. Drug Enforcement Administration or by individual state
requirements should be labeled and handled in accordance with applicable regulations.
Good practices and controls for labeling should direct the receiver about how to handle the
drug product upon receipt (e.g., avoid dropping, maintain specified environmental conditions).
When a drug product’s storage conditions are not readily available, use the storage conditions
described in General Notices and Requirements or the applicable monograph.
Product labels with expanded information beyond the single long-term storage temperature
ensure ease of transport and use for shippers, distributors, healthcare professionals, and
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patients. Product labels should clearly define the storage temperature range, and broader
distribution or in-use temperature ranges where allowable. Products labeled “Keep in a cold
place” or “Do not freeze” are subject to interpretation and are discouraged if used without
accompanying temperature ranges. USP storage definitions and temperature ranges are defined
in General Notices and Requirements.
During international transport, the proper language(s) should be used to ensure that handlers
understand the requirements set forth on drug product labeling. The use of symbols that are
recognized by international organizations is advisable.
Drug products can be transported at temperatures outside of their labeled storage
temperatures if stability data and relevant scientific justification demonstrate that product
quality is maintained. The length of the stability studies and the storage conditions for a drug
product should be sufficient to cover the shipment, distribution, and subsequent use of the
drug product. The data gathered from ICH accelerated testing or from testing at an ICH
intermediate condition may be used to evaluate the effect of short-term excursions outside of
the label storage conditions that might occur during storage and/or distribution.
QUALITY MANAGEMENT SYSTEM
Good storage and distribution practices require that entities involved in the storage and/or
distribution of drug products maintain a Quality Management System (QMS) that is based on
standard quality concepts, includes good manufacturing practice (GMP) in compliance with the
appropriate regulatory agency(s), and is complementary to the ICH quality guidances, including
ICH Q10 Pharmaceutical Quality System and ICH Q9 Quality Risk Management. In the context of
this chapter, the QMS includes the following management system programs: (1) Storage
Management System, (2) Distribution Management System, (3) Environmental Management
System, and (4) Risk Management System.
The storage and distribution QMS should, at minimum, cover the following elements: corrective
and preventive actions (CAPA), change management, and the management review process.
Written agreements (e.g., Quality Agreement, Technical Agreement, Service Level Agreements)
should be in place between applicable organizations involved in the drug product supply chain.
The use of Written Agreements ensures clarity and transparency, and delineates the
responsibilities of each organization in the supply chain.
Good Documentation Practices
Good documentation practices should be practiced in the QMS. This documentation includes
standard operating procedures and corporate policies and standards, as well as protocols and
other written documents that delineate the elements of the QMS. The QMS programs should
describe events and actions that must be documented as well as the proper verbiage to be
used, the copies required, and any other items that will ensure adequate processing of the drug
product and prevent delays. The documentation process should use a standard process such
as a Quality Manual or other practice to ensure continual improvement.
Written procedures should ensure that drug products are held in accordance with their labeling
instructions and associated regulatory requirements. Procedures should provide the written
steps needed to complete a process and ensure consistency and standard outcomes. The
following elements should be included: (1) how products are handled when equipment
malfunctions or when there are delays in distribution due to customs hold or temperature
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deviations, (2) how and when a product should be moved from one transport container/vehicle
into another, and (3) how to communicate with the necessary parties.
The QMS should require monitoring of processes to demonstrate that a state of control has
been maintained, where the set of controls consistently provides assurance of continued
process performance and product quality (ICH Q10).
If deviations occur, a nonconformance should be documented, and an investigation should be
performed as appropriate. The investigative process should determine the root cause(s) of the
deviation. For example, the following should be determined: whether the drug product
experienced stress, damage, delays, or environmental lapses, or whether there were errors in
documentation. The associated supply quality management staff should have final responsibility
for approving or rejecting the investigation. The investigation process should be linked to the
risk management program to ensure that proper mitigation occurs and preventive measures are
put in place.
For example, a written investigation should be performed if the receiving and/or transferring
processes result in a drug product being subjected to unacceptable temperature conditions or
contamination (e.g., pests, microorganisms, or moisture). Any environmental breach should be
documented, and the length of time the drug product was not within the designated storage
requirements should be determined. This information should be forwarded to the appropriate
organization responsible for the drug product. The drug product should be quarantined, and
final disposition should be based on good science with appropriate evidence to justify the
decision(s).
Manufacturers should develop written procedures for security records that confirm container–
closure integrity (e.g., security seals, narcotic controls) and for returned and salvaged goods.
These standard operating procedures (SOPs) should address distribution records including, but
not limited to, how the drug product was handled environmentally. In addition, training should
be part of the QMS and include distribution requirements, documentation, and how to handle
breaches.
Records should be retained for purchases and sales of drug products and should show the date
of purchase or supply; the name of the drug product and the amount; the name and address of
the supplier or consignee; and the associated lot numbers. These records should ensure the
traceability from the manufacturer to the end user so that the pedigree of the drug product
can be followed throughout its life cycle.
All records and documents should be maintained in accordance with a traceable recordsretention program and should be made available upon request to regulatory agencies. These
documents should be approved, signed, and dated by the department responsible for the QMS.
Storage Management System
STORAGE LOCATIONS AND PROCESSES
It is important that each entity define their appropriate storage locations to ensure that
adequate controls are in place. These locations include buildings and facilities for drug product
storage (e.g., warehouse, storage or hold area, the original manufacturer’s warehouses,
contractor warehouses, wholesale distribution warehouses, mail order or retail pharmacy
storage area, hospital or nursing home pharmacy storage areas; and border Customs storage
areas).
In these locations, two basic processes can occur. First, receiving for storage is the act of
bringing a drug product into a facility, while transferring refers to the moving of a drug product
internally within a facility or into or out of a vehicle. Second, storing and holding refers to the

PF 37(4): Jul.-Aug. 2011

120

act of maintaining temporary possession of a drug product in the supply chain process, during
which no movement of the product will occur.
STORAGE IN BUILDINGS AND FACILITIES
Drug product storage areas are required to maintain the product temperature between the
limits as defined on the product label. Buildings and facilities used for the warehousing, storage,
and/or holding of drug products should be of adequate size for their intended use. These
facilities should be adequate to prevent overcrowding, which can lead to contamination. The
building and facility should be designed to control environmental conditions where necessary
and should be made of readily or easily cleanable materials. Sanitation and pest control
procedures should be written, indicating frequency of cleaning, materials, and methods used.
The pest-control program should ensure the prevention of contamination as well as the safe
use of pesticides. Records of all cleaning and pest-control activities should be maintained.
Storage should be orderly and should provide for the segregation of approved, quarantined,
rejected, returned, or recalled drug product. If computerized systems are used for the control
of storage conditions, the software should be appropriately qualified for its intended purposes.
Facilities should have controls that mitigate risks such as fire, water, or explosion. Certain drug
products may cause these risks and should be stored accordingly. Storage areas, when not
computerized, should be appropriately visually labeled.
RECEIVING AND TRANSFERRING DRUG PRODUCTS
Storage of a drug product includes not only the period during which the drug product is held in
the manufacturer’s storage areas but also time spent on shipping dock platforms, in transport
vehicles, and in distribution centers or storage areas. When drug products arrive at warehouse
loading docks and other arrival areas, they should be transferred as quickly as possible to a
designated storage environment to ensure minimal time outside specified storage conditions.
Relative to the incoming receipt of drug product, it is recognized that the process of product
reaction to ambient conditions begins immediately and may occur quickly (e.g., reach
temperature equilibrium within minutes to a few hours depending on details such as the product
mass, volume and packaging density taking into account secondary and tertiary packaging)1.
Receiving docks should protect drug product deliveries from inclement weather during
unloading. Any storage area, including loading and unloading docks for receipt and distribution
of drug products, should be clean, cleanable, and free from pests. The incoming receiving area
should limit access to authorized persons. Smoking, eating, and drinking should not be
permitted in any storage/hold areas. Where appropriate, the delivery vehicle should be
examined before unloading to ensure that adequate protection from contamination was
maintained during transit. The results of this examination should be documented.
Areas should be designated to provide an adequate space in which containers of drug products
can be cleaned and opened for sampling. If sampling is performed in the receiving area, it
should be done in a manner that prevents contamination and cross-contamination and ensures
that environmental requirements for the drug product are not breached.
Adequate precautions should be taken to prevent theft and diversion of drug products. Drug
products that have been identified as counterfeit should be quarantined to prevent further
distribution. The appropriate regulatory agencies should be contacted according to established
procedures.
Appropriate delivery records (e.g., as applicable, transport vehicle movement papers,
receiving/delivery records, data logging records, temperature recorders and similar devices, bill
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of lading, house air waybill, master air waybill, etc.) should be reviewed by each receiving
entity in the supply chain to determine if the product has been subjected to any transportation
delays or other events that could have exposed the product to undesirable conditions. Each
entity should ensure that their respective Service Level Agreement documents and supporting
documents such as SOPs cover delivery and receiving responsibilities of the transactional
parties.
REFRIGERATORS AND FREEZERS
Refrigerators and freezers used to store drug products are required to maintain the product
temperature between the limits as defined on the product label. Typically, a refrigeration unit
specification would be set to 5 with an accuracy of ±3 to store products labeled 2 –8 .
Freezer temperatures typically range from 25 to 10 . Some frozen drug products, however,
require lower temperatures, e.g., dry ice or liquid nitrogen temperatures.
Regular operating procedures and maintenance protocols should be in place along with written
contractual agreements for all maintenance and evaluation procedures including the following:
1. Units should store items in a manner allowing sufficient space to permit proper air flow.
2. Units should be positioned in the facility so that they are not subjected to
environmental extremes that could affect their performance (i.e., <10 or >32 ). If this
cannot be prevented, the mapping protocol should include a provision for testing during
the anticipated environmental extremes.
3. Large commercial units such as walk-in cold rooms are qualified via a temperature
mapping study or other type of qualification process to determine the unit’s suitability
for storing drug products. A suitable number of temperature-recording devices should be
utilized to record temperatures and to provide temperature area maps. Thereafter, the
units should be monitored in one or more locations, as determined by the results of the
mapping study. Refer to the Temperature Monitoring section under Environmental
Management System.
4. Units should utilize recording systems to log and track temperatures. Alarm systems
should be an integral part of the monitoring system for both refrigerators and freezers.
While automated systems monitor units continuously, manual checks should be
performed as appropriate to the validation program. When automated systems are not
available, manual systems may be used.
Distribution Management System
Distribution of drug products occurs within a facility or location such as a manufacturer,
wholesaler, pharmacy dispensing area, retail site, clinic/hospital/nursing home pharmacy, and
the physician’s practice. Distribution of drug products occurs as point-to-point movement
within the supply chain between distribution facilities via semitrailer trucks, vans, emergency
medical service vehicles, industry representatives’ automobiles, trains, aircraft, sea vessels,
and mail delivery vehicles.
Communication within the supply chain should be coordinated to determine proper timing for
drug products to be transported and received, taking into account holiday schedules,
weekends, or other forms of interruption. When international distribution is required, alerts
should be made in advance and proper language should be used to ensure understanding of the
requirements set forth on drug product labeling.
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PACKAGING FOR THE DISTRIBUTION AND TRANSPORTATION PROCESSES
Pharmaceutical manufacturers should consider primary, secondary, and tertiary packaging that
best protects the drug product during storage and distribution. Package performance testing
should be documented as part of a manufacturer’s robust QMS. Several standard test
procedures are available for evaluating package performance for factors such as shock,
vibration, pressure, compression, and other transit events. Those tests include the following:
the American Society for Testing and Materials (ASTM) Standard Practice for Performance
Testing of Shipping Containers and Systems, and the International Safe Transit Association
(ISTA) specifications for various types of transit modes such as less-than-truckload, small
package, rail car, and air freight.
It is important to be aware that removal or modification of the original packaging may subject
the product to unacceptable conditions.
The shipping container used for the distribution of product should be selected to ensure that
product quality is maintained and to protect the contents from the rigors of distribution
including environmental or physical damage.
All drug products have storage requirements that may contain specific controls. The transport
container for drug products should be qualified on the basis of the labeled conditions of the
product as well as anticipated environmental conditions (consider seasonal temperature
differences, transportation between hemispheres, and the modes of transport). The type, size,
location, and amount of refrigerant required to protect the product should be based on
documented studies of specific distribution environments including domestic and international
lanes, mode(s) of transport, duration, temperature, and other potential environmental
exposures or sensitivities that may impact product quality. Transportation container materials
such as warm/cold packs and materials used to control temperature conditions should be
properly conditioned before use. Barrier protection may be important in helping to determine the
position of materials such as gel packs in order to avoid direct contact with the drug product.
It should be determined if studies are required to ensure that the dry ice and its vapors do not
adversely affect the drug product, including the drug product labeling.
VALIDATION AND THERMAL PERFORMANCE QUALIFICATION
If drug products are not continuously monitored by validated monitoring systems (continuous
verification), shipping systems should be qualified. "Operational and performance shipping
studies should on a generic level be part of a formal qualification protocol that may use
controlled environments or actual field testing, depending on the projected transport channel."
These studies should reflect actual load configurations, conditions, and expected environmental
extremes. Testing should be performed on both active and passive thermal packaging systems.
A transport container/vehicle, or transport packaging system as well as the transport process
may be qualified in accordance with current good distribution practices, thereby providing the
assurance for environmental control without other temperature monitors. The proper load
configuration will help ensure that the drug product remains stable through the distribution
supply chain. The validation or qualification program for a vehicle or storage area should
represent a statistically high proportion of the environmental conditions to which a drug
product maybe exposed.
Storage facilities themselves, unless thermostatically controlled, cannot be validated because
of their unpredictability and the influence of external temperature; however, they can be
qualified via a mapping process. The generator back-up power supply should be validated. Tools
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that may be used for validation assessments are provided in the Parenteral Drug Association
Technical Report #39 Revised 2007; Guidance for Temperature-Controlled Medicinal Products:
Maintaining the Quality of Temperature-Sensitive Medicinal Products through the
Transportation Environment.
Environmental Management System
TEMPERATURE MONITORING
Environmental conditions are important parameters to consider in the storage and distribution of
drug products and may require monitoring depending on the requirements. When specific
storage conditions are required, or in the absence of active or passive containers,
environmental recorders or devices should be used to confirm that an acceptable range has
been properly maintained during each stage in the supply chain.
Temperature is one of the most important conditions to control, and requirements for each drug
product should be based on stability data. Temperatures should be controlled and tracked using
a monitoring system, and the monitoring devices used should be included in a preventive
maintenance program. Environmental monitoring devices should be calibrated for their range of
operation. The monitoring devices used should provide an alert mechanism if the preset ranges
are breached. The following practices and controls are examples of appropriate measures that
should be put in place to ensure environmental control:
Temperature-monitoring equipment, a monitoring device, a temperature data logger, or
other such device that is suitable for its intended purpose should be used (see
Monitoring Devices—Time, Temperature, and Humidity 1118 ).
An appropriate number of temperature monitors or some other form of recordation or
proof of temperature control. Temperature monitor(s) should be used with every
distribution process unless some other process has been put in place to ensure
adequate handling (validated containers).
Electronic temperature monitors should be calibrated to NIST (or other suitable
standard) with an accuracy of ±0.5 (or better).
Predetermined temperature ranges should be set for all applicable areas, as well as a
plan of action in the event of an unacceptable excursion.
Air flow and load patterns should be determined to ensure that all areas are suitable for
product storage.
TEMPERATURE MAPPING
The basis of any temperature mapping in a temperature controlled space (e.g., facility, vehicle,
shipping containers, refrigerator, freezer) is the identification and documentation of a sound
rationale used for a given mapping procedure. The temperature variability associated with
mapped locations and the level of thermal risk to the product should be defined, unless another
process has been put in place to ensure environmental control.
A temperature mapping study should be designed to assess temperature uniformity and stability
over time and across a three-dimensional space. Completing a three-dimensional temperature
profile should be achieved by measuring points at not less than three dimensional planes in
each direction/axis—top-to-bottom, left-to-right, front-to-back, where product will be present.
Further, points selected in the mapping should represent expected extremes of each of the
three axes. Figures 1 and 2 provide an example of how the three-dimensional interior of a
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trailer/container could be mapped. A similar concept may be applied for mapping a facility or
related cold storage equipment.

Figure 1. Pallet Placement in Maximum Load Trailer/Container.

Figure 2. Data Logger Placement–Maximum Load Pallet Placement in Minimum Load
Trailer/Container.
Facility Temperature Mapping—The following factors, which may contribute to temperature
variability, should be considered during the process of temperature mapping storage locations:
(1) size of the space; (2) location of HVAC equipment, space heaters, and air conditioners; (3)
sun-facing walls; (4) low ceilings or roofs; (5) geographic location of the area being mapped;
(6) airflow inside the storage location; (7) temperature variability outside the storage location;
(8) workflow variation and movement of equipment (weekday vs. weekend); (9) loading or
storage patterns of product; (10) equipment capabilities (e.g. defrost mode, cycle mode); and
(11) SOPs.
The recording of temperatures during the thermal mapping of a warehouse or cold room should
be sufficient in time frame to capture workflow variation that may impact air flow and the
resulting temperature fluctuation (i.e., a period of two weeks is recommended for data
collection enabling the capture of two week/weekend workflow cycles).
A new facility would require a validation incorporating an Installation Qualification (IQ),
Operational Qualification (OQ), and a Performance Qualification (PQ) as defined in FDA’s CPG
Sec 490.100 Process Validation Requirement for Drug Products and Active Pharmaceutical
Ingredients Subject to Pre-Market Approval, 2004.
Equipment (Container/Trailer) Temperature Mapping—To minimize risk of product exposure
to damaging temperatures during transport, every vehicle cargo space should be mapped. If it
is determined that product safety does not require every individual vehicle to be mapped,
temperature mapping for transportation containers/vehicles new or already in use should
include expected temperature conditions and should be representative of the actual transport
environment, (i.e., the time frame and seasonal variation associated with the data collection
process should cover the entire transport period). Such a mapping should take into account
specific conditions such as (1) SOPs, including loading and unloading procedures; (2) routespecific operation of the temperature control equipment; (3) seasonal effects encountered on
expected routes; (4) loading patterns; and (5) transport durations.
When nondedicated transport containers/vehicles and equipment are used, they should be
designed to minimize the risk of contamination of the product being handled, e.g., transport
containers/vehicles and equipment can be designed to minimize the risk of contamination. If
environmental mapping of such vehicles is not performed, some other means of control should
be in place to ensure that the drug product is adequately protected. Mapping by the shipper
may not be necessary if the shipper uses a transport container that is properly insulated and
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has been previously qualified for the duration of the distribution process by the transport
container manufacturer via a mapping study or if drug products are continuously monitored by
validated monitoring systems (continuous verification). When temperature mapping is
necessary, it should begin with an inspection of equipment and/or vehicle and should be reevaluated as appropriate. Environmental mapping also should be performed after any significant
modification to the distribution system that could affect drug product temperature.
The vehicle in which drug products are transported should be mapped to determine the
appropriate placement of temperature-recording devices and to confirm that the load
configuration is not restricting air flow. The following are recommended practices and controls
for vehicles that receive and transfer drug products:
1. Transport containers/vehicles and equipment used to store and transport drug products
should be suitable for their intended function.
2. Procedures should be established that describe how to operate, clean, and maintain
transport containers/vehicles and equipment used in the storage and distribution of drug
products.
3. Transport containers/vehicles should be designed to prevent damage to the drug
product, and pharmaceutical manufacturers should collaborate with their transporter to
determine contingency response plans for how drug products are handled when
equipment malfunction.
4. When drug product must be moved from one transport container/vehicle into another
the proper load configuration should be followed.
5. It should be understood how communication is made to the necessary entities when
such transfer occurs.
6. Subcontracted vehicles should be considered in contractual agreements and audits, and
documentation should be maintained for their use.
When completed as part of an Operational Qualification (OQ), a temperature mapping should
account for maximum and minimum loads to capture temperature variability resulting from
variations in temperature mass of the payload. An OQ should also include performance of
equipment under extreme scenarios including door open, door closed, and simulated equipment
failure.
Thermal mapping of vehicles should be representative of the fleet with the intention of
capturing variability across the range of vehicles (type of vehicle including non refrigerated
equipment, use, heating and/or cooling system). A periodic requalification program should be
documented.
Mapping for both facilities and transportation containers/vehicles should be done in a way that
confirms their fitness for operation during periods of expected extreme weather (e.g., summer
and winter). Facilities should be mapped under varying operating conditions—ideally during
periods of greater variability, accounting for and capturing the result of any seasonal
fluctuations of inventory movement, equipment movement, or workflow variation.
The temperature-mapping protocol and associated number of temperature data loggers used to
map a three dimensional space should meet the intent of demonstrating three-dimensional
uniformity and compliance with product requirements. For both facility and trailer/container
temperature mapping, the ambient conditions should be recorded and correlations between
ambient conditions and potential thermal risks inside the controlled space should be identified.
Drug products should not be stored in areas where a thermal risk has been identified as a result

PF 37(4): Jul.-Aug. 2011

126

of the temperature mapping. Areas identified as being unsuitable for storage should be clearly
labeled as such to ensure that they are not used.
Temperature data loggers should be used for temperature mapping and Performance
Qualification (PQ) testing of facilities, equipment, and transportation containers used for
storage or transportation of temperature-sensitive medicinal products. Temperature data
loggers and any associated software applications should be appropriately validated. Further,
temperature data loggers should be calibrated to an accuracy specification of ±0.5 .
Certificates of calibration to a NIST or other international traceable standard should be
available for individual monitoring devices.
EXCURSIONS
The mapping process will help determine when excursions could occur and are useful when
pharmaceutical manufacturers develop a plan for dealing with them. Alarms should be used to
reveal environmental excursions during operations. Temperature excursions for brief periods
outside of respective storage label conditions may be acceptable provided stability data and
scientific/technical justification exists demonstrating that product quality is not affected (see
Health Canada’s GUI 0069 entitled, Guidelines for Temperature Control of Drug Products During
Storage and Transportation, 2011).
MEAN KINETIC TEMPERATURE (MKT) CALCULATION
The MKT is the single calculated temperature at which the total amount of degradation over a
particular period is equal to the sum of the individual degradations that would occur at various
temperatures. MKT may be considered as an isothermal storage temperature that simulates the
nonisothermal effects of storage temperature variation. It is not a simple arithmetic mean.
The temperatures used for calculating MKT can be conveniently collected using electronic
devices that measure temperatures at frequent intervals (e.g., every 15 minutes). MKT can be
calculated directly or the data can be downloaded to a computer for processing. Software to
compute the MKT is available commercially.
For dispensing sites, such as pharmacies and hospitals, where the use of such instruments may
not be feasible, devices such as high-low thermometers capable of indicating weekly high and
low temperatures may be employed. The arithmetic mean of the weekly high and low
temperatures is then used in the calculation of MKT. MKT is calculated by the following
equation (derived from the Arrhenius equation):

where T k is the mean kinetic temperature; DH is the heat of activation, 83.144 kJ·mole–1
(unless more accurate information is available from experimental studies); R is the universal gas
constant, 8.3144 × 10–3 kJ·mole–1·degree–1; T 1 is the value for the temperature recorded
during the first time period, e.g., the first week; T 2 is the value for the temperature recorded
during the second time period, e.g., second week; and T n is the value for the temperature
recorded during the nth time period, e.g., nth week, n being the total number of storage
temperatures recorded during the observation period. [Note—All temperatures, T, are absolute
temperatures in degrees Kelvin (K). ]
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MKT DURING STORAGE AND DISTRIBUTION
The holding of a drug may occur as part of storage and distribution practices. Drug products in
the distribution supply chain may be held at temperatures outside their labeled storage
requirements as determined by an appropriate stability study. Drug products stored either in
warehouse conditions or in transportation modes may experience excursions from their
acceptable temperature ranges. Each product excursion must be evaluated to determine the
final product effect. The means of evaluation must be scientifically sound with documented
technical justification that the integrity of the drug product has not been affected. One
method of analysis for drug product stored outside its respective label storage conditions is the
use of a Mean Kinetic Temperature (MKT) calculation.
Because MKT expresses the cumulative thermal stress a drug product experiences, it is
considered an acceptable practice for storage, and it follows that it should be considered for
transit excursions in the process of distribution. The calculation must be justified for use with
distribution excursions. The ICH stability-testing guidelines define MKT as a “single” derived
temperature, which, if maintained over a defined period, would afford the same thermal
challenge to a pharmaceutical product as would have been experienced over a range of both
higher and lower temperatures for an equivalent defined period.
The MKT analysis must be based on good science and should take into account the integrity of
the product. The calculated mean kinetic temperature is not sensitive to the impact of
excursions that may occur if the baseline is a long period of time such as a storage segment or
the entire lifetime of the drug product. For shorter baseline periods of time, such as transport
segments, an excursion can have a significant impact on the resulting MKT for that segment;
however, this would not necessarily have a significant impact on product quality.
Knowing the MKT for an excursion is useful for evaluating the potential impact on product
quality. However, it is also essential to know the upper and lower temperature limits of any
excursion. If these extreme temperatures are outside available stability data, it may not be
possible to predict the quality impact of the excursion with any confidence regardless of the
MKT.2 Although higher temperatures are given greater weight in the calculation, the calculation
of MKT for nonfrozen product that becomes frozen for any amount of time may not result in an
acceptable temperature although the product may not be adulterated. At higher temperatures
the kinetics of degradation may change or new degradation reactions may occur; at lower
temperatures (near freezing) a phase change may occur which is known to have a negative
impact on the quality of some drug products (e.g., some proteins and vaccines). For an
example of a calculation, see Pharmaceutical Calculations in Prescription Compounding
.

1160

Emergency Medical Service Vehicles, Automobiles, and Van Transportation—Road
vehicles used to transport drug products (e.g., ambulances and other emergency response
vehicles, vans, or automobiles, including those used by sales representatives to transport
physicians’ samples) should be suitable for their purpose. Monitoring devices should be placed in
different areas of the trunk or cabin where the drug product will be positioned during seasonal
extremes (e.g., summer and winter). The monitor should be secured so that it is immobile, and
there should be no ambiguity about its exact position within the payload so that the monitor is
always placed in the same position. Monitoring devices used on or in packages or on containers
may also be used. Suitable measures should be taken to maintain the drug product within the
allowable limits of the labeled storage requirements. Storage of physician drug product samples
by sales representatives is regulated under 21 CFR Part 203.34(b)(4).
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Mail Delivery Distribution—Delivery staff should be trained on how drug products should be
delivered to end-user locations. In the event that the package cannot be delivered as
scheduled, the package should be returned to the mailing pharmacy. If the drug product was
stored outside of the labeled storage requirements, the delivery staff should notify the recipient
of the drug package.
Risk Management System
Risk Management System strategies should ensure that each organization’s best interests are
served by adhering to proper practices, controls, and procedures, including but not limited to
the following: the nature of the drug products; distribution requirements on the readable
container labeling; exposure to adverse environmental conditions; number of stages/receipts in
the supply chain; manufacturer’s written instructions; contractors; and drugs at risk from
freezing (vaccines, insulin, and biological products) or elevated temperatures (fatty-based
suppositories, vaccines, insulin, and biological products). Examples of risks that should be
assessed include (1) vibration that can cause aggregation of some drug products such as
proteins and peptide-based drugs; (2) temperature excursions that may lead to phase changes
(melting or freezing); (3) loss of container–closure integrity in transit that could cause glass
fractures in sterile drug product containers or cracks in the release-controlling polymer layer of
modified-release solid oral dosage forms; and (4) ingress of water or oxygen that could lead to
an increase in degradation products. Appropriate firms such as applicant holders are
recommended to convey relevant environmental requirements when needed to support
deviations or excursions. There may be alternate ways of determining acceptable environmental
conditions and these should be documented and justified.
Pharmaceutical manufacturers should ensure that suppliers of drug product transportation are
monitored. Auditing transportation firms should be carried out routinely to ensure adequate
product handling. The manufacturer’s change control system should capture and evaluate
changes in logistic factors such as warehouse or receiving areas and vehicle changes.
CONCLUSION
The practices and processes set forth in this general information chapter apply to storage and
distribution as part of the life-cycle management of drug products. All involved should ensure
the product to its point of use, creating a contiguous supply network that is collaborative and
emphasizes preventive measures to protect drug product quality. The increase in global
processes coupled with products requiring special environmental controls highlights the need for
a strong QM program. QM should provide the foundation for maintaining the storage and
distribution practices in a continual improvement program and part of an overall management
system review by each entity, as appropriate, in the supply chain.
It is equally important to stay current and be ready to change as new solutions evolve (e.g.,
proactive approaches to implement strategies such as track and trace technologies, industry
standards, and on-demand visible technologies). Pharmaceutical scientists will create new
technologies to meet world needs. These new technologies should be considered in developing
strategies for good distribution practices, controls, and procedures. 2S (USP35)
1 See International C onference on Harmonization EWG Q1 A&B; see also FDA Guidance for Industry: Stability
Testing of Drug Substances and Drug Products (www.fda.gov).
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1 JP Edmond, Study for Temperature Sensitive Product: Preliminary Testing, October 2009, University of
Florida.
2 RH, Seevers, J. Hofer, R. Bishara, P. Haber, and DA Ulrich, The Use of Mean Kinetic Temperature in the
Handling, Storage and Distribution of Temperature-Sensitive Pharmaceuticals, Pharmaceutical Outsourcing,
May–June, 2009.
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IMMUNOLOGICAL TEST METHODS—GENERAL CONSIDERATIONS
INTRODUCTION

This general information chapter provides a high-level description of principles for immunological
test methods (ITMs) that can be used in specified monograph tests, along with information and
approaches to analytical development and validation for ITMs. The scope of this chapter is to
provide general information that is applicable to all ITMs. The chapter provides a foundation for
specific chapters about different types of ITMs, e.g., Enzyme-linked Immunosorbent Assay
(ELISA)

1103

(proposed), Immunoblot Analysis (Western Blot Analysis)

1104

(planned),

and Surface Plasmon Resonance 1105 (proposed). This suite of general information chapters
is related to the bioassay general information chapters. Use of ITMs for process monitoring,
diagnosis, and evaluation of clinical response, assessment of
pharmacokinetics/pharmacodynamics/absorption, distribution, metabolism, and excretion
(PK/PD/ADME), and other product characterization (nonrelease testing) is outside the scope of
this chapter.
The basis of all ITMs used to measure a quality attribute of a biologic drug substance or drug
product is the highly specific noncovalent binding interaction between an antibody and antigen.
The antigen typically is an analyte of interest (e.g., protein, carbohydrate, virus, or cell), and
the binder is usually an antibody (e.g., monoclonal antibody or polyclonal antiserum). ITMs are
applicable to molecules that are either directly antigenic (immunogens) or can be rendered
indirectly antigenic (haptens). The measurand in ITM is directly related to a quality attribute of
the product under test.
ITMs are valuable because they exhibit high sensitivity and specificity for an analyte in complex
matrices. They typically are used for qualitative and quantitative assessment of both an
antibody and antigen, but their application also extends to the measurement of hapten,
complement, antigen–antibody complexes, and other protein–protein interactions. These
properties of ITMs allow their use for assessing identity, potency (strength), purity, impurities,
stability, and other quality attributes of biological drug substances and drug products.
ITMs are useful for many applications because they can measure molecules over a wide range
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of sizes and binding types. In general, antibodies are stable during various chemical
modifications that do not have a significant adverse influence on interactions with an antigen.
Antibody molecules tend to withstand moderate acidic and alkaline pH changes better than
other proteins do. Because of this characteristic, a variety of ITMs with high degrees of
sensitivity and specificity are possible. The ability to accelerate contact between an antigen
and antibody enables ITM formats that provide rapid or real-time results.
Generally, ITMs have higher precision and shorter turn-around time than do traditional
biologically-based (i.e., cell-based and animal) assays. Although in some cases these
advantages can support the replacement of a biological assay with an immunoassay, such
changes should be approached systematically and with caution. Often it is challenging to prove
the equivalence, or comparability, of results from bioassays and immunoassays because the
interaction between antigen and antibody may not reflect the functional attributes observed in
bioassays.
One major limitation of ITMs compared to physicochemical methods (such as liquid or gas
chromatography) is that the latter generally are more precise and can simultaneously identify a
set of impurities or unexpected substance(s). Another major limitation is that generally ITMs
operate at high molar dilutions at which they are sensitive to disturbances caused by
environmental factors in the sample matrix (i.e., matrix effects). Matrix effects can depend on
ITM format and are not fully understood. Their specificity, a hallmark of ITMs, is sometimes
compromised by structural or sequence similarities between the analyte and a closely related
molecular impurity (cross-reactivity).
Most ITMs reflect physical interaction (binding) between an antigen and antibody and not the
analyte’s functional properties. Therefore, analysts must pay attention in the selection and
execution of ITM format. Cell-based ITMs that can provide functional information about the
analyte are beyond the scope of this chapter.
GENERAL CHARACTERISTICS OF ITMs
ITMs are based on the principle of specific, noncovalent, and reversible interactions between
an antigen and antibody. In general, the primary antigen–antibody reaction is brought about by
complementarity, which creates macromolecular specificity. This noncovalent interaction
determines the degree of intrinsic affinity. Intrinsic affinity contributes to functional and/or
relative affinity that depends on factors like reaction phase and valency, which in turn
determines the degree of reversibility of an interaction. A better understanding of factors that
affect antigen–antibody interactions provides the rationale for the development of a suitable
ITM format (e.g., solid or liquid phase, competitive or noncompetitive binding, etc.).
A defining characteristic of ITMs is that they employ an antigen (or hapten) and antibody. In
addition, ITMs may contain companion molecules such as complement components. The
components of ITMs are defined as follows:
Antigens—Comprise a wide range of molecules that are capable of binding to the
antibody in a specific interaction. Generally, part(s) of an antigen (the immunogenic
epitope[s]) is/are capable of eliciting antibody response.
Haptens—Small molecules that, by themselves, are not capable of eliciting an antibody
response but are capable of eliciting an immune response when attached to a large
carrier such as a protein. Antibodies produced to a hapten–carrier adduct also may bind
to the small-molecule hapten in a specific interaction.
Complements—Companion molecules that, under certain conditions, aid in the
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functionality of antigen–antibody complexes but are not required for antigen–antibody
or hapten–antibody interaction.
Antibodies—Proteins with regions that impart a high degree of specific binding to
antigens (and haptens). The structural elements of an immunoglobulin G (IgG) antibody
are shown in Figure 1.
In addition to these components, ITMs require some means to detect or monitor the binding
reaction between the antigen and antibody.

Figure 1. The structure of IgG. The IgG molecule is characterized by a distinctive domain
structure of heavy (H) and light (L) chains, both of which are divided into variable and
constant regions (V and C, respectively). Light chains consist of VL and CL domains, and heavy
chains consist of a variable domain (VH ) and three constant domains (CH 1, CH 2, and CH 3). All
domains are stabilized by disulphide bonds, and CH 2 domains contain carbohydrates. The
flexible hinge region between the CH 1 and CH 2 domains allows the independent behavior of two
antigen-binding sites formed by variable domains.
TYPES OF ITMs
Measurement of antigen–antibody binding can be performed in a variety of assay types and
formats: solid or liquid phase, manual or automated, labeled or nonlabeled, competitive or
noncompetitive, qualitative or quantitative, homogeneous or heterogeneous, or combinations of
some of these. The distinguishing characteristic of all these assays is the binding of an
antibody or antigen to the analyte (which can be an antigen or antibody as well), followed by
detection of the antigen–antibody complex. Although many different formats can be used for
the binding reaction, along with different methods for detection, quantification of the analyte in
the test article is always performed by comparison of the measurement to a reference
standard. Thus a number of ITM technologies support investigations of product quality.
Commonly used assay designs include enzyme-linked immunosorbent assay (ELISA), Western
blotting, flow cytometry, competitive enzyme-linked immunosorbent assay, surface plasmon
resonance (SPR), rate nephelometry, radioimmunoassay (RIA), radial immunodiffusion,
precipitation, and agglutination. These methods are described below.
Enzyme-Linked Immunosorbent Assay
An ELISA is a quantitative, solid-phase immunological method for the measurement of an
analyte following binding to an immunosorbent and its subsequent detection using enzymatic
hydrolysis of a reporter substrate either directly (analyte has enzymatic properties) or indirectly
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(e.g., horseradish peroxidase– or alkaline phosphatase–linked antibody subsequently bound to
the immunosorbed analyte). The analyte usually is quantitated by interpolation against a
standard curve of a reference material. General information chapter Immunological Test
Methods—Enzyme-Linked Immunosorbent Assay (ELISA) 1103
detail, including ELISA development for quantitative analysis.

discusses ELISA in greater

Western Blotting
A Western blot is a semiquantitative or qualitative method for measurement of a protein analyte
that has been resolved by polyacrylamide gel electrophoresis and subsequently transferred to a
solid membrane (e.g., nitrocellulose, nylon, or polyvinylidene difluoride). Detection can be
achieved directly by reacting with a labeled primary antibody (antibody specific to the analyte
of interest) or indirectly by reacting labeled secondary antibody (antibody against the primary
antibody) to the primary antibody bound to the membrane-immobilized antigen. The label can
be a radioisotope or an enzyme that uses the substrate to produce color, fluorescence, or
luminescence. This method is semiquantitative, especially when proteins are present in low
concentration and in very complex mixtures. It is commonly used in early process development
(e.g., antibody screening, protein expression, protein purification, etc.). Western blotting is a
powerful method for analyzing and identifying proteins in complex mixtures, particularly after
separation using 2-dimensional gel electrophoresis, which separates proteins based on size and
charge (pI).
Flow Cytometry
Flow cytometry is a laser-based semiquantitative technology that permits measurement of
fluorophore-conjugated probes as they interact with their respective ligands on cells or
particles. More details for flow cytometry can be found in Flow Cytometry

1027 .

Surface Plasmon Resonance
SPR is a quantitative method for measurement of an analyte in a sample where the antibody–
antigen complex formation can be measured in real time at the interface of a liquid and solid
(e.g., gold surfaces or particles). The measurement taken is the real-time change in refraction
of a polarized light and occurs during the formation of the antibody–antigen complex, resulting
in changes to the plasmon resonance minima (i.e., the sensorgram). The quantity of analyte is
determined by comparison to the measurement of a reference standard curve determined in the
same assay. More details for SPR can be found in general information chapter Immunological
Test Methods—Surface Plasmon Resonance

1105 .

Rate Nephelometry
Rate nephelometry is a quantitative method for measurement of an analyte in a sample in
solution by measuring the light scatter introduced by small aggregates formed by the antigen–
antibody complex. The quantity of analyte is determined by comparison to the measurement of
a reference standard curve determined in the same assay.
Radioimmunoassay
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RIA, a sensitive ITM first developed in the 1950s, is a quantitative method for measurement of
an analyte in a sample. RIA usually uses a competitive antibody–antigen binding reaction, but it
also can be used in sandwich immunoassay format, including immunoprecipitation. In
competitive RIAs the analyte competes for binding with a radiolabeled (e.g., using 125I or 3H)
reference antigen that is identical to the analyte; therefore, the analyte and the antigen both
compete for binding to a fixed and limiting dilution of a specific (often polyclonal) antibody. The
radiolabeled antigen is present in excess. The same unlabeled antigen in the test sample
competes in binding to the same site on the antibody, which is present in a fixed quantity.
Binding of the unlabeled antigen to the antibody leads to the displacement of the labeled
antigen, resulting in a decrease in the radioactivity of the antigen–antibody complex fraction.
To separate the antigen–antibody complex from the excess unbound antigen, the complex
generally is either precipitated with a secondary antibody (or protein G) immobilized on a solid
matrix (e.g., glass or resin beads) or with an already immobilized primary antibody. The quantity
of analyte usually is determined by interpolation against a standard curve of a reference
material, where a fixed amount of antibody and radiolabeled antigen is mixed with an increasing
amount of unlabeled antigen. Hence, even a small quantity of unlabeled antigen will result in a
relative quantitative decrease in total bound radioactivity.
Single Radial Immunodiffusion
Single radial immunodiffusion (SRID or SRD) is a quantitative method for measurement of an
analyte in a sample by measuring the diameter of the ring of precipitin formed by the antigen–
antibody complex. Antigen is applied to a well in a gel infused with a constant level of antibody.
Solutions with higher concentrations of antigen diffuse farther before being saturated with
antibody and then precipitated. The quantity of analyte is determined by comparison to a
reference standard curve measured by the same assay.
Precipitation
The underlying principle for this method is that the interaction of a multivalent antibody and
antigen leads to the formation of a complex. In some cases a visible precipitate is formed.
Other immunoprecipitation techniques involve the use of Protein A or Protein G beads to
capture the antigen–antibody complex and facilitate the separation of the antigen–antibody
complexes from the other antigens in the solution. Precipitation is not commonly used for
quantitative analytical purposes because of the time required (days to complete), lack of
sensitivity, and requirement for large quantities of antigen and antibodies.
Agglutination
Agglutination and inhibition of agglutination, respectively, provide qualitative and quantitative
measures of certain antigens and antibodies. Inhibition of agglutination is a modification of the
agglutination reaction that provides higher sensitivity to detect small quantities of proteins,
chemicals, viruses, and other analytes. The principle of agglutination is similar to that for
precipitation except that the interaction takes place between an antibody and a particulate
antigen and leads to a visible clump or agglutination. The most common example of this
application is for blood typing (i.e., A, B, or O antigen).
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CHOICE OF ITM
When choosing an ITM, analysts should consider sensitivity and specificity as well as the
complexity of the sample. Table 1 provides an assay developer with a comparative view of the
advantages and disadvantages of a variety of ITM formats. The intended application of the ITM
should govern the choice of the most suitable format.

Method

Table 1. ITMs Used in Biopharmaceutical Laboratories
Typical Industry
Advantages
Disadvantages
Uses
High sensitivity
Often wide dynamic
range
High throughput
Low cost

Multistage
process highly
dependent on
proper execution
of each stage
Wash steps add
time and often
biohazardous
waste
Reagent labeling
required

Potency
assessment
Specific protein
concentration
analysis in
complex
samples
Protein
identification
Purity
assessment
Immunogenicity
assessment

Gives information about
antigen size and/or
charge
Allows separation of
various antigens (or
degradation/aggregation
products) bearing same
epitope
Can tolerate complex
mixtures

Typically works
only with linear
epitopes
Labor intensive
Low throughput,
output
Subject to
interpretation
Immobilization
can alter binding
Limited to
proteins

Protein purity
assessment
Protein stability
assessment
Protein identity
test

High throughput
Highly automated

Works only with
cells and
particles
Sensitive to
aggregates and
sample matrix

Potency
assessment
Cell identity in
cell-therapy
products

ELISA

Western
blot

Flow
cytometry
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Advantages

Disadvantages

Typical Industry
Uses

Direct detection of
binding
Can measure affinity
precisely, including on
and off rates

Immobilization
can alter binding
Regeneration
can alter binding
Low throughput,
output

Immunogenicity
assessment
Potency
assessment
Specific protein
concentration
analysis in
complex
samples

Easily automated
Rapid

Small detection
range
High background
for turbid
samples

Assay for
individual
vaccine
components for
check of
stability and
purity

Binding occurs in native
conformation
Low-concentration
samples can be
analyzed
High sensitivity antibody
used at limiting dilution
that conserves reagent
Can be plate-based for
higher throughput (e.g.,
scintillation proximity
assays)

Requires
radioactive
labeling for
detection
Shorter half-life
of some
radioisotopes
requires periodic
preparation of
the tracer
Hazardous waste

Protein
identification
(e.g.,
hormones)
Specific protein
concentration
analysis in
complex
samples

Precise
Simple setup

Semiquantitative
Low precision
Low sensitivity

Vaccine
release test

Low equipment cost

Subject to
interpretation
Slow
Poor sensitivity
(µg range)

Vaccine
identification

Rapid
Low equipment cost

Subject to
interpretation
Slow
Low specificity
because of
interfering
substances

Vaccine
identification

RIA

SRD

Precipitation

Agglutination

KEY CONSIDERATIONS IN ITM DEVELOPMENT
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The goal during method development is to produce an accurate assay that is practically
feasible and possesses an acceptable degree of intra- and inter-assay precision. To minimize
the overall imprecision, the sources of variability should be identified and minimized.
Reagent Selection
Immunoassays are subject to several sources of interference such as cross-reactivity,
endogenous interfering substances, buffer matrices, sample components, exposed versus
masked epitopes, conformation changes in the antigen of interest, and other factors. Hence,
during method development, analysts must identify possible sources of interference both to
develop a robust method and to aid future troubleshooting.
Cross-reactivity is a major obstacle during immunoassay development. This arises when the
specificity of an antigen–antibody reaction is compromised by the cross-reactivity binding of
structurally similar molecules with the reaction binder. Some common examples are protein
isoforms, degraded analyte entities, molecules of the same class, precursor proteins,
metabolites, etc. Cross-reactivity can be minimized by rigorous reagent characterization and
selection.
Reagents used in ITM applications generally fall into one of two categories: critical reagents
and noncritical reagents. Critical reagents are specific and unique to the particular ITM or
reagents that are intolerant of very small changes in composition or stability. Examples of
critical reagents generally include assay-specific antibodies and reference or method calibration
standards. Equivalence in the assay format must be established before replacement with a new
lot. Noncritical reagents are those that can vary to some degree in composition without
adversely affecting ITM performance. Reagents are often assumed to be noncritical (e.g.,
buffers, water quality, blocking buffer, or substrate) but later may be identified as critical
components if assay ruggedness fails and troubleshooting of ITM reagents begins. ITM-specific
reagents, including vendor and catalog number, should be defined in test procedure documents.
Antibody selection is critical for development of a successful immunoassay because it defines
the assay’s specificity and sensitivity. Furthermore, during antibody generation, analysts should
ensure that the immunization protocols support the end use of the antibodies. For some
applications a more specific antibody can be generated by the selection of a small and specific
immunogen and affinity purification of the antibody, resulting in highly defined epitope
coverage. In other applications it may be critical to ensure broad coverage of the different
available epitopes on the molecules of interest, and a polyclonal antibody (pAb) pool may be
the best choice. Currently, monoclonal antibodies (mAb) are preferred for some applications for
the detection of single analytes because of their high specificity, lot-to-lot consistency, and
indefinite supply. Compared to polyclonal antibodies, mAb have a higher initial cost to produce,
but for these applications, the advantages generally outweigh the initial cost. Other
applications may require more comprehensive epitope selection to ensure that subtle changes
in the molecule(s) do not prevent recognition of the entire antigen, and thus a pool of
monoclonal antibodies, or a pAb pool, would be the preferred choice. The latter are widely used
for detection in a complex mixture of analytes (e.g., host-cell proteins). Similarly,
immunoassays may use two distinct epitopes on an antigen—one for capture and the other for
detection—which greatly reduces cross-reactivity. Another approach to minimize crossreactivity is to purify the antigen before immunoanalysis. Variations in incubation temperature
and time can affect the reaction kinetics of antibody interactions with similar yet different
antigens. Thus this property should be optimized to increase the specificity of antigen–antibody
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interactions.
Development of Immunoassays
Development is an important stage in the establishment of a suitable ITM. During development
of an ITM, analysts explore various settings of assay parameters and interactions between
parameters to identify conditions under which the assay will consistently produce reliable
results using minimal reagents, effort, and time. In Quality by Design terminology, the “possible
operating space” is the collection of settings of assay parameters explored, and the “design
space” refers to the conditions under which the assay performs well. The necessary
performance properties of the ITM (precision, accuracy, specificity, etc.) required depend on
the intended use(s). During ITM development, analysts should consider the following:
Antigen–antibody ratio;
In sandwich immunoassays, the ratio of capture antibody to detector antibody;
Antigen–antibody reaction kinetics in the sample matrix (antigen–antibody binding
generally is not linear);
Selection of the standard (full-length antigen for the standard or just a small portion of
the antigen containing the antibody-binding epitope, among other considerations); and
Matrix effects.
The use of design of experiments (DOE) is strongly recommended, and different DOE methods
may be appropriate in each stage of development. Early in development, screening designs are
particularly useful (generally two-level geometric fractional factorial designs). After screening
(with a modest number of factors to study), full factorials or response surface designs are
often appropriate. As development activities shift to qualification (ideally, if not typically, as
the focus shifts to robustness), robust response surface designs often are a good choice.
During qualification or validation, analysts may find it practical to simultaneously study
robustness to assay operating conditions (using a small geometric fractional factorial) and
validation parameters such as precision (via nested or crossed designs for random factors
associated with repeatability, intermediate precision, and reproducibility).
Experiments that assess dilutional linearity and components of specificity, including matrix
effects, usually involve construction of spiked samples. Although spiking often is performed in a
dilution matrix, spiking a collection of actual samples or mixing actual samples is an important
component of demonstrating robustness of dilutional linearity and components of specificity to
the sample and matrix components.
Reagent Considerations
A procedure for qualifying reagent sources and vendors (including audits), ordering, receiving,
and disposing of commercial reagents and consumables should be outlined in a standard
operating procedure (SOP). The preparation of internal reagents must be documented in a
manner that allows reconstruction. Commercial and internally prepared reagents must be
labeled with identity, concentration, lot number, expiration, and storage conditions. The
stability and assignment of expiration dates for internally prepared reagents often are based on
available literature and scientific experience, but analysts may need to confirm these
empirically. An SOP for extending expiration dating of critical reagents is recommended. In
addition, analysts should implement a mechanism for reagent tracking and linking lot numbers to
analytical run numbers. Unacceptable reagent performance is detected by tracking QC samples.
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Shifts in QC samples should prompt a review of analytical runs and changes in reagent lot
numbers or review of possible deterioration of critical reagents. To avoid such shifts, analysts
can cross-validate critical reagent lot changes.
The impact of collection and storage containers on analytical performance often is overlooked.
When defining the stability and expiration of in-house reagents, analysts should record
information about the storage container vendor, catalog, and lot number. The importance of a
suitable reference standard and its characterization cannot be overemphasized for ITMs for
biological products. Because of their inherent complexity, reference and calibration standards of
macromolecular biologics often are less well characterized than are conventional small-molecule
drug reference standards. If the calibration standard represents a mixture of different antigens
(e.g., host-cell proteins), it should be shown to be representative of the antigen profile in the
samples being tested. Consistency in ITM results depends on the availability of a suitable
representative reference standard material.
VALIDATION
Analytical validation involves the systematic execution of a defined protocol and prespecified
analysis that includes prespecified acceptance criteria. A validation demonstrates that an
analytical method is suitable for one or more intended uses [see Validation of Compendial
Procedures 1225 , Validation of Biological Assays 1033 , and ICH Q2(R1)]. Qualification
may involve similar or identical experiments and procedures as validation, but qualification does
not require prespecified protocols, analyses, or acceptance criteria. In certain situations (e.g.,
use of a commercial kit), assay development may not be required before qualification. General
information chapter 1225 discusses which assay performance characteristics must be
examined during validation for four primary categories of intended uses. For example, analytical
procedures that quantitate major bulk drug substances or active ingredients may not require
validation of the detection and quantitation limits but do require validation of accuracy,
precision, specificity, linearity, and range.
System Suitability or Assay Acceptance Criteria
The purpose of system suitability or assay acceptance criteria is to ensure that the complete
system—including the instrumentation, software, reagents, and analyst—is qualified to perform
the intended action for the intended purpose. All processes should be controlled by well-defined
SOPs that ensure consistency, reduce errors, and promote reproducibility of laboratory
processes. Training files for all personnel should be contemporaneous and should include some
demonstration that analysts are qualified to perform the method and the specific ITM.
Instrument and software qualification begins with a definition of the design qualifications,
including a risk assessment and gap analysis that identify potential threats to the collection,
integrity, and permanent capture of ITM data. Qualification also includes installation
qualifications (IQ) and operational qualifications (OQ). Purchased commercial instrument
validation packages may require modification to meet the intended use at each facility.
Instrumentation and software should be continuously monitored for acceptable functionality by
performance qualification (PQ) and software validation test script reviews. Routine instrument
maintenance is performed according to the manufacturer’s recommendations, and additional
maintenance may be required based on specific needs in the working environment. A complete
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history of routine and nonroutine instrument maintenance should be archived for each
instrument. Software updates should be handled with change control and typically require
additional validation. Adherence to 21 CFR 11 should be maintained.
To ensure robustness, establish a defined process for implementing new ITMs in the laboratory.
Control documents should be in place, including method validation plans containing a priori
method acceptance criteria and validation reports for the establishment of a new ITM. Wellwritten analytical test method documents are needed to ensure reconstruction of analytical
results and to minimize laboratory errors.
Analytical test methods should include acceptance criteria for critical aspects of the assay,
including the performance of the calibration curve, quality controls, agreement between sample
replicates, procedures for repeat sample analysis, and identification and treatment of outliers,
when applicable. Furthermore, an SOP should be implemented for unexpected event
investigation and resolution.
DATA REPORTING
Units of Measurement
Quantitative ITMs generate test sample data with an estimated concentration based on a
calibration curve fit to reference (or standard) samples using an appropriate mathematical
model. When determining the amount of analyte in a manufacturing process, analysts often
express the unit of measure in terms of mass of analyte per volume of solution (concentration)
or mass of analyte per mass of product (e.g., parts per million). Depending on the nature of the
measured analyte, the degree of measurement standardization, the geographic region, and the
history of the method, analysts may express concentration in terms of weight per volume, mole
per volume, or weight of analyte per weight of product. In some circumstances, concentration
may be converted to an activity unit of measure in which the analyte mass is assumed to be
100% active. In certain circumstances, qualitative analysis using a predetermined cut-off value
may be an acceptable alternative to quantitative methods.
Immunoassay Data Analysis
ITMs employ calibration curves prepared with reference standards of known (nominal)
concentrations and are included in every bioanalytical method. This helps control variation
associated with repeatability, intermediate precision, and reproducibility and permits the
estimation of results for unknown test samples. Common simple statistical analyses assume that
the (possibly transformed) data are normally distributed, have constant variance, are
independent, and that an appropriate model has been used. For many assays, one or more of
these assumptions may be inappropriate. Analysts should assess these assumptions using a
substantial body of data (typically tens of assays). When these assumptions are not
reasonable, the analysis becomes more complex.
Calibration curves generally are characterized by a nonlinear relationship between the mean
response and the analyte concentration and typically are plotted in a log-linear manner with
the (possibly transformed and/or weighted) response variable (ordinate) plotted against the
nominal calibrator concentration (abscissa) in log scale. The resulting curve that encompasses
the assay’s validated range is inherently nonlinear and often has a sigmoid shape with
horizontal asymptotes at very low and high concentrations of analyte. Competitive ITMs have a
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negative slope, and noncompetitive ITMs are characterized by a positive slope. The analyte
concentration in a test sample is estimated by inverse regression against the calibration curve.
The final result often is obtained after multiplication of the estimated concentration in the
assay by a dilution factor that is required to yield a response within the ITM’s quantification
range.
Under the guidance of a qualified biostatistician, analysts can implement outlier tests in
controlled documents that permit the exclusion of spurious sample results. A well-defined
procedure should be in place regarding how to identify, repeat, and report outliers. Outlier tests
and interpretation of results are described in Analytical Data—Interpretation and Treatment
1010 . Test results that fall outside of their predefined specifications or acceptance criteria
should be evaluated by an out-of-specification investigation to identify a root cause.
Trending
A quality system includes monitoring of ITM performance by collection and review of ITM
performance characteristics. Trending may detect shifts in assay performance that may be
related to events such as assay reagent lot changes, addition of new analysts, shifts in
environmental conditions, and others. SOPs, study protocols, analytical test methods, and
decision flow charts are recommended to strictly define the handling, use, editing, rejection,
acceptability, and interpretation of calibration data and test sample results for ITMs. It is not
uncommon to have several raw data reviews, including peer, QC, and quality assurance review.
Analysts must be able to distinguish such analytical issues from true changes in the measured
analyte caused by changes or errors in the manufacturing process that have affected the
product. Two of the most important outcomes of proper trend monitoring are detecting
potential problems before they occur and identifying areas for corrective and/or preventive
action. General information chapters Analytical Data—Interpretation and Treatment

1010

and Validation of Biological Assays 1033 , as well as the statistical literature, contain
guidance for various trending methods. Several ITM performance characteristics could be
considered for monitoring. The most common trending value is evaluation of QC samples.
Ideally, one or more QC sample is available for long-term trending in sufficient quantity and with
demonstrated stability so that quality aspects can be assayed in every run and across multiple
manufacturing lots. As the long-term QC sample is depleted or expires, crossover comparison
and establishment of a new long-term QC sample should be completed. Systematic review of
QC data across assays assists in troubleshooting failed ITM runs, providing confidence in the
evaluation of spurious results, and controlling the introduction of replenished assay components
that may not perform exactly like previous reagents.
Other ITM performance characteristics that may be monitored include calibration curve
response variables, curve fit parameters, assay background, and comparison of in-study QC
data with validation data.
Tracking
Regulatory agencies have strict requirements about maintaining the identity and integrity of
both samples and data. A quality process driven by SOPs must be implemented to ensure the
correct identity and integrity of test and reserve samples. Ideally, a bar code system should be
used to track the collection, identity, location, chain of custody, number of sample freeze/thaw
cycles, storage temperature, and length of time that a sample is stored. This information should
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be captured and should be auditable from the time of collection to disposal (or sample
depletion). The ability to track the sample history permits reconstruction of the events leading
to generation of a data result. This information is used by regulatory agencies to ensure that
the proper procedures were followed and by internal auditors to ensure that pre-analytical
sample handling did not compromise study data. In addition, sample tracking allows a
mechanism for ensuring that the analyte measurement occurred within the demonstrated
window of stability for that analyte.
The final result generated from a bioanalytical laboratory is a number that represents an
analyte measurement in a test sample. The steps necessary to generate that data and
preserve it in a report are numerous and are susceptible to error. Therefore, quality systems
must be in place to minimize data errors. Errors may be introduced by test sample misplacement
or identification, incorrect data reduction, miscalculations, transcription errors, omissions, and
other factors. Ideally, validated software and laboratory information management systems are
used when possible to generate, transfer, and archive data. Typically, redundancy checks are
built into automated processes by visual data review of at least 10% of the data-transfer
processes. In the absence of validated electronic transfer, all data should be reviewed by at
least one reviewer. As with sample tracking, data generation, manipulation, and storage should
be reconstructible. In addition, all data should be backed up using a format that is stable. Plans
should be in place to update archived data so that, as technology changes, archived data can
still be retrieved. Regulatory agencies require that raw data be available for various lengths of
time after the completion of a study or regulatory filing. Finally, data must be secure from
corruption, alteration, or access by unauthorized personnel.
2S (USP35)

BRIEFING
1150 Pharmaceutical Stability, USP 34 page 693. Information on pharmaceutical
stability is specifically covered in Pharmaceutical Stability

1150 . The revision proposal to

general informational chapter Good Storage and Shipping Practices 1079 , appearing
elsewhere in this issue of PF, will include the definition of Mean Kinetic Temperature. The
definition for Controlled Room Temperature currently resides in the General Notices and the
climatic zone table will be included in

1079

once international consensus has been reached.

Therefore, it is being proposed to omit Pharmaceutical Stability

1150

from the USP–NF.

(PSD: D. Hunt.)
Correspondence Number—C103472

Comment deadline: September 30, 2011
Delete the following:
1150

PHARMACEUTICAL STABILITY

The term “stability,” with respect to a drug dosage form, refers to the chemical and physical
integrity of the dosage unit and, when appropriate, the ability of the dosage unit to maintain
protection against microbiological contamination. The shelf life of the dosage form is the time
lapse from initial preparation to the specified expiration date. The monograph specifications of
identity, strength, quality, and purity apply throughout the shelf life of the product.
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The stability parameters of a drug dosage form can be influenced by environmental conditions
of storage (temperature, light, air, and humidity), as well as the package components.
Pharmacopeial articles should include required storage conditions on their labeling. These are
the conditions under which the expiration date shall apply. The storage requirements specified
in the labeling for the article must be observed throughout the distribution of the article (i.e.,
beyond the time it leaves the manufacturer up to and including its handling by the dispenser or
seller of the article to the consumer). Although labeling for the consumer should indicate proper
storage conditions, it is recognized that control beyond the dispenser or seller is difficult. The
beyond-use date shall be placed on the container label.
Stability Protocols
Stability of manufactured dosage forms must be demonstrated by the manufacturer, using
methods adequate for the purpose. Monograph assays may be used for stability testing if they
are stability-indicating (i.e., if they accurately differentiate between the intact drug molecules
and their degradation products). Stability considerations should include not only the specific
compendial requirements, but also changes in physical appearance of the product that would
warn users that the product's continued integrity is questionable.
Stability studies on active substances and packaged dosage forms are conducted by means of
“real-time,” long-term tests at specific temperatures and relative humidities representing
storage conditions experienced in the distribution chain of the climatic zone(s) of the country
or region of the world concerned. Labeling of the packaged active substance or dosage form
should reflect the effects of temperature, relative humidity, air, and light on its stability. Label
temperature storage warnings will both reflect the results of the real-time storage tests and
allow for expected seasonal excursions of temperature.
Controlled Room Temperature
Controlled room temperature (see Storage Temperature and Humidity in Preservation,
Packaging, Storage, and Labeling under General Notices and Requirements) delineates the
allowable tolerance in storage circumstances at any location in the chain of distribution (e.g.,
pharmacies, hospitals, and warehouses). This terminology also allows patients or consumers to
be counseled as to appropriate storage for the product. Products may be labeled either to
store at “Controlled room temperature” or to store at temperatures “up to 25 ” where labeling
is supported by long-term stability studies at the designated storage condition of 25 .
Controlled room temperature limits the permissible excursions to those consistent with the
maintenance of a mean kinetic temperature calculated to be not more than 25 . See Mean
Kinetic Temperature. The common international guideline for long-term stability studies
specifies 25 ± 2 at 60 ± 5% relative humidity. Accelerated studies are specified at 40 ± 2 and
at 75 ± 5% relative humidity. Accelerated studies also allow the interpretation of data and
information on short-term spikes in storage conditions in addition to the excursions allowed by
controlled room temperature.
The term “room temperature” is used in different ways in different countries, and for products
to be shipped outside the continental U.S. it is usually preferable for product labeling to refer to
a maximum storage temperature or temperature range in degrees Celsius.
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Mean Kinetic Temperature
Mean Kinetic Temperature (MKT) is defined as the single calculated temperature at which the
total amount of degradation over a particular period is equal to the sum of the individual
degradations that would occur at various temperatures. Thus, MKT may be considered as an
isothermal storage temperature that simulates the nonisothermal effects of storage
temperature variation. It is not a simple arithmetic mean. MKT is calculated from temperatures
in a storage facility. The temperatures for calculating MKT can be conveniently collected using
electronic devices that measure temperatures at frequent intervals (e.g., every 15 minutes).
MKT can be calculated directly or the data can be downloaded to a computer for processing.
For dispensing sites, such as pharmacies and hospitals, where the use of such instruments may
not be feasible, devices such as high-low thermometers capable of indicating weekly high and
low temperatures over a 52-week period may be employed. The arithmetic mean of the weekly
high and low temperatures is then used in the calculation of MKT. MKT is calculated by the
following equation (derived from the Arrhenius equation):

in which T k is the mean kinetic temperature; DH is the heat of activation, 83.144 kJ·mole 1
(unless more accurate information is available from experimental studies); R is the universal gas
constant, 8.3144 × 10 3 kJ·mole 1·degree 1; T 1 is the value for the temperature recorded
during the first time period, e.g., the first week; T 2 is the value for the temperature recorded
during the second time period, e.g., second week; and T n is the value for the temperature
recorded during the nth time period, e.g., nth week, n being the total number of storage
temperatures recorded (minimum of 52 weekly entries) during the annual observation period.
[Note—All temperatures, T, are absolute temperatures in degrees Kelvin (K). ]
The following is an example of a typical storage and distribution temperature range in Kelvin
degrees and the conversion factors used to convert this range into degrees Fahrenheit and
Celsius.
Kelvin (K)
288.1–303.1

Fahrenheit ( F)
59–86

Celsius ( C)
15–30

Conversion Factors:
Fahrenheit to Kelvin = {[( F

32) × 5/9] + 273.1}

Celsius to Kelvin = 273.1 + C
Fahrenheit to Celsius = [( F

32) × 5/9]

Climatic Zones
For convenience in planning for packaging and storage, and for stability studies, international
practice identifies four climatic zones, which are described in Table 1. The United States,
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Europe, and Japan are characterized by zones I and II. The values in Table 1 are based on
observed temperatures and relative humidities, both outside and in rooms, from which mean
kinetic temperatures and average humidity values are calculated.1 Derived values are based on
inspection of data from individual cities and on allowances for a margin of safety in assignment
of these specified conditions.
Table 1. International Climatic Zones
Calculated Data
Climatic Zone
I. Temperate
Japan
United Kingdom
Northern Europe
Canada
Russia
United States
II. Mediterranean, Subtropical
United States
Japan
Southern Europe
(Portugal-Greece)
III. Hot, Dry
Iran
Iraq
Sudan
IV. Hot, Humid
Brazil
Ghana
Indonesia
Nicaragua
Philippines

Derived Data

C*
20.0

C MKT**
20.0

%
RH
42

mbar***
9.9

C
21

%
RH
45

mbar
11.2

21.6

22.0

52

13.5

25

60

19.0

26.4

27.9

35

11.9

30

35

15.0

26.7

27.4

76

26.6

30

70

30.0

* Data recorded as <19 calculated as 19 .
** Calculated mean kinetic temperature.
*** Partial pressure of water vapor.
A discussion of aspects of drug product stability that are of primary concern to the pharmacist
in the dispensing of medications may be found under Stability Considerations in Dispensing
Practice 1191 .
Inasmuch as this chapter is for purposes of general information only, no statement herein is
intended to modify or supplant any of the specific requirements pertinent to pharmaceutical
preparations, which are given elsewhere in this Pharmacopeia.
2S (USP35)

1 The source of the data and information in Table 1 is the International C onference on Harmonization
sponsored by the International Federation of Pharmaceutical Manufacturers Associations.

BRIEFING
1238 Vaccines for Human Use—Bacterial Vaccines. Because there is no information in
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USP regarding bacterial vaccines for human use, this new general information chapter provides
background information about vaccine manufacturing and quality control. The chapter provides
information relative to U.S. requirements and alludes to non-U.S. requirements at various
points.
(GC BIO: T. Morris.)
Correspondence Number—C89906

Comment deadline: September 30, 2011
Add the following:
1238

VACCINES FOR HUMAN USE—BACTERIAL VACCINES
INTRODUCTION

An overview of vaccines for human use is presented in Vaccines for Human Use—General
Considerations 1235 . Bacterial vaccines can be derived from whole cells, either killed or
attenuated in their ability to cause disease, or from some component(s) of the intact cell that
are important for virulence or damage to the host. Another subset of bacterial vaccines is
toxoids, which are composed of toxins. Bacterial vaccine products can be mixtures of
components from different species, from different strains or different serotypes of the same
species, or from different components from cells of the same species.
The simplest bacterial vaccines consist of the purified cell-surface capsular polysaccharides
(CPS) from organisms such as Salmonella enterica serovar Typhi, various meningococcal
serogroups, or pneumococcal serotypes that cause meningitis, otitis media, acute respiratory
infections, and pneumonia. Although the typhoid vaccine consists of a single polysaccharide,
the meningococcal vaccines contain as many as four serogroup-specific CPS, and the
pneumococcal vaccine contains 23 serotypes.
The immunological response to meningococcal and pneumococcal polysaccharides, and to the
capsular polysaccharide from Haemophilus influenzae type b (Hib), is improved by covalent
attachment of the CPS or an oligosaccharide derived from it to a suitable carrier protein. The
immunological response to these glycoconjugate vaccines is elicited via immunologic pathways
different from those induced by purified polysaccharides, creates a T-cell–dependent response,
and establishes immunological memory. The carrier proteins are typically bacterial toxoids or
bacterial outer membrane protein vesicles. For these products, anti-CPS antibodies appear to
be sufficient to protect against disease, although the glycoconjugate vaccines also may reduce
carriage of the organisms in the nasopharynx. Due to the complexity of their manufacturing
processes, glycoconjugate vaccine products tend to contain fewer serotype or serogroup
components than do the related purified polysaccharide vaccines.
Many bacterial pathogens, including those that cause diphtheria and tetanus, produce toxins
that kill tissue. Immunological neutralization of these toxins is sufficient to prevent disease.
These subunit vaccines consist of chemically detoxified toxins (toxoids) purified from culture
supernatant and are capable of eliciting neutralizing antibodies against the native toxin.
Although earlier pertussis vaccines consisted of myriad chemically inactivated whole-cell and
toxin components, current acellular products contain various combinations of specific purified
proteins, sometimes toxoided (e.g., fimbriae and other cell-surface protein components).
Compared to older products, these vaccines apparently produce protection by a different mode
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of action but have a lower incidence of adverse events. A combination of diphtheria and
tetanus toxoids and an acellular pertussis vaccine form the core components of many
polyvalent pediatric and adult combination vaccines. To these may also be added an Hib
glycoconjugate, hepatitis B, and/or inactivated poliovirus immunogens.
Live attenuated bacterial vaccines are currently limited to Bacillus Calmette-Guérin (BCG),
which protects against tuberculosis when administered through the skin, and the S. typhi
Ty21a construct, which is an oral vaccine against typhoid fever.
The immune response against these bacterial polysaccharide and protein antigens can be
increased by inclusion of adjuvants. The primary adjuvant licensed in the United States is
based on aluminum salts such as aluminum hydroxide and aluminum phosphate, although
development and characterization of new adjuvants is an active area of research. To be
effective, protein or glycoprotein conjugate immunogens are noncovalently adsorbed onto the
surface of the adjuvant particles.
RAW MATERIALS
Raw materials can directly affect the identity, strength, purity, and quality of bacterial
vaccines. A consistent manufacturing process critically depends on use of consistent raw
materials (e.g., during seed banking, fermentation, harvest, purification, and formulation; see
Vaccines for Human Use—General Considerations 1235 ). Raw materials for bacterial growth
media typically consist of both well-defined chemical entities (e.g., amino acids, carbohydrates,
vitamins, minerals) and more complex components (e.g., protein hydrolysates, yeast extracts,
peptones). Manufacturers should consider the source of each of these raw materials to ensure
that they come from reliable vendors who adhere to cGMP quality standards and can assure a
long-term supply. Manufacturers should communicate with raw material vendors in order to
avoid any changes in the sourcing or manufacture of components and to avoid supply
shortages. Without such communications, the consistency of the fermentation process and the
supply of the vaccine can be adversely affected. Consistent raw materials are particularly
critical for more complex fermentation components such as yeast extract or peptones for which
changes may be difficult to detect but are likely to have a direct effect on fermentation.
Accurate records of the composition and source of the culture medium used in seed banking
and routine fermentation should be maintained and also document release criteria for raw
materials or components. Manufacturers should determine if any of their raw materials are
derived from animal origin. If additives from animal sources are added to the culture medium,
they should be certified to be free from contaminants and adventitious agents such as those
that cause bovine spongiform encephalopathy or transmissible spongiform encephalopathy.
Vendors/manufacturers should provide information about the identity and source of additives
and should test for adventitious agents. Unless antibiotics are intentionally used in
manufacturing (e.g., as selective markers), their application should be minimal or should be
avoided to ensure that no unwanted antibiotics are included in the drug product.
As manufacturers scale up fermentation to pilot production (i.e., within tenfold of final
manufacturing scale), they also should ensure, to the extent possible, the availability of
multiple sources for all raw materials. This will ensure that supply or business instabilities at one
vendor do not become the limiting factor in vaccine manufacture.
CELL BANKS
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Source and History
The source of cells used in cell banks should be documented. The original isolate should include,
when possible, the age, sex, and species of the donor; the donor’s medical history; and, if
available, culture history including methods used for the isolation of the substrate bacteria.
The source of cells from which the strain was derived is to be stated, and relevant references
from the scientific literature should be cited. The source should generate a sufficient amount of
antigen(s) to meet the medical need. Information obtained directly from the source laboratory
is preferred. When this is not available, literature references can be used to provide bacterial
classification (i.e., genus, species, and strain designation) and specific phenotypic and/or
genotypic trait. For microbial-expression systems such as E. coli or S. pneumoniae, the
manufacturer should describe the method used to prepare the DNA coding for the protein,
including the cell and origin of the source nucleic acid. All propagations carried out with the
original isolate should be documented and should include, as applicable, the method used for
subculture, any use of animal-derived material, record of subcultivations, and storage
conditions. Constituents of the culture medium must be described, in particular, materials of
human or animal origin such as serum, enzymes, hydrolysates, or other living cells.
For microbial-expression systems, the steps in the assembly of the expression construct must
be described in detail. This description should include the source and function of the
component parts of the expression construct (e.g., origins of replication, antibiotic resistance
genes, promoters, enhancers, and whether or not the protein is synthesized as a fusion
protein). Manufacturers should provide restriction endonuclease digestion maps that illustrate
the sites used in preparing the expression construct and sites used in identification of DNA
fragments.
A complete nucleotide sequence analysis of the expression construct’s coding region for the
protein of interest should be performed. The sequence analysis should be provided and should
include a complete annotation designating all of the important sequence features. The copy
number and physical state of the expression construct should be determined.
Cell Bank Lineage and Genealogy
A flow chart can be used to demonstrate the preparation of the cell bank lineage from the
original source, through preliminary cell banks (or process development cell banks, as
applicable), to the Master Cell Bank (MCB) and production Working Cell Banks (WCB).
Manufacturers should describe their strategy for providing a continued supply of cells from their
cell bank(s), including the lot size and anticipated use rate of the cell bank(s) for production,
the expected intervals between generation of new cell bank(s), and the criteria for qualification
of cell bank(s). If multiple WCBs were used for clinical trials, process validation, or commercial
supplies, flow charts can help illustrate the common source (i.e., MCB) from which the WCB
were derived.
Once an MCB is produced, a cell bank system should be generated to prevent unwanted drift
that might ensue from repeated subcultures or multiple generations. The system should ensure
that an adequate supply of equivalent cells exists over the entire life span of the product.
Ordinarily, the cell bank system consists of two tiers: an MCB and a series of WCB derived from
the MCB. When additional tiers of WCBs are prepared, manufacturers should clearly identify the
generation that will be used for WCB.
Cell Bank Manufacture
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Generally, the MCB is made from a preliminary cell bank derived from the original source or
directly from an initial clone. Manufacturers generally prepare cells for banking by expanding
cultures in a progressively greater number of vessels or in larger vessels until a pool of cells is
obtained. If manufacturers use more than one vessel, they can ensure the uniform composition
of the contents by combining the cells from all of the culture vessels.
For microbial-expression systems, a single host cell that contains the expression construct is
propagated to generate the MCB. Manufacturers should document the cell cloning history and
method of transferring the expression construct into the host cell. They also should completely
describe methods and criteria used to amplify the expression construct and to select the cell
clone for production.
The process for WCB used in clinical trials and for commercial supply should be similar to the
MCB process. A WCB is derived from one or more containers of the MCB and is typically used to
directly provide cells for the manufacturing process. Additional WCB are generated from the
MCB as needed.
Preferably the MCB and WCB should be prepared in a similar manner, but the MCB and WCB may
differ in certain respects (e.g., culture components and culture conditions). Similarly, the
culture conditions used to prepare the MCB and WCB may differ from those used for the
production process or between clinical trial materials or commercial supply. The preparation
procedures for all cell culture processes must be described, and details of process changes
must be documented. Comparability of product quality must be demonstrated when process
changes occur between WCBs.
Cell banks should be made under cGMP because they are expected to last for the lifetime of the
product. The facility should be operated to minimize the chance of microbial contamination and
have in place procedures to prevent cross-contamination with other materials. Critical
equipment used in the preparation of cell banks should be qualified. Manufacturers should
establish the cell bank in a suitably controlled environment to protect both the cell bank and
personnel handling it. During the establishment of the cell bank, no other living infectious
material (e.g., viruses, cell lines, or cell strains) can be handled simultaneously in the same
area.
Cell Bank Validation
The cell banking process should be considered a unit operation and should be validated. The
process begins with the MCB vial and the cell bank process validated for preparing WCB. The
suitability of WCB for intended use should be further demonstrated by the consistency and
quality of successive product batches. Validated banks should be used for process validation of
fermentation, drug substance, etc. If this is not possible, then manufacturers should perform a
small-scale demonstration of the appropriateness of the cell bank. The basic principles of
process validation apply, including use of validated analytical methods and stability evaluation.
Manufacturers should describe the methods used to preserve cell banks, including the
cryoprotectant and media used. Storage containers (e.g., vials, ampules, and other appropriate
vessels) and closure systems should be described. Container–closure systems should
incorporate materials and designs that withstand storage and retrieval without breakage or
leakage and are physically and chemically compatible with the stored material.
Cell Bank Testing
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A newly prepared cell bank (MCB or WCB) should be evaluated by a series of appropriate
release and characterization tests on an aliquot of the cell bank or on cultures derived from it,
as appropriate. The amount of testing required for an MCB may influence that required for
subsequent WCBs, and the extent of testing both may influence the testing needed for
production cell cultures. Manufacturers should evaluate all cell banks, including bacterial
cultures or recombinant bacterial expression systems, for identity, culture purity, and viability.
Additionally, manufacturers should evaluate the genetic stability and consistent productivity of
all cell lines.
To confirm identity, manufacturers should perform appropriate tests to determine that the
banked cells are what they are represented to be. Either phenotypic or genotypic
characteristics can be used in identity testing to classify bacterial strains to species level, and
when applicable, supplementary serological tests can be performed. For most microbial cells and
transfected cells, analysis of growth on selective media is usually adequate to confirm host cell
identity. Where a variety of strains can be used, biological characterization methods such as
phage typing should be considered as supplementary tests. Expression of the desired product is
also considered adequate to confirm the identity of the microbial expression system.
It must also be demonstrated that cell banks are biologically pure (i.e., free from adventitious
microbial agents and adventitious cellular contaminants). Testing for adventitious agents should
include tests for bacteria, fungi, mycoplasmas and viruses, as applicable.
Additionally, all cell banks should be tested to confirm the viability of the cells. Viable cell
counts or growth tests should be performed to demonstrate that the cell culture has sufficient
viability and is suitable for its subsequent intended use.
Evaluation of genetic stability and persistence of productivity is a reflection of how many
doublings the cells can tolerate without compromising their genetic integrity (e.g., plasmid
retention) and productivity (e.g., mass of product per cell). Such testing is critical to ensure
that the cell line performs reliably in the full course of the production process from the initial
MCB stage through the longest production intended. As part of this evaluation, manufacturers
should document the number of passages from the original source, the number of
subcultivations from the original source to the MCB, from the MCB to the WCB, and from the
WCB to the final bulk. The earliest and latest culture states (e.g., MCB and end production)
should be evaluated to ensure that the desired characteristics persist. Such a demonstration of
cell line stability is commonly performed once for each product marketing application.
Characterization tests may be useful for demonstrating that the cell bank is composed of cells
with the intended phenotypic/genotypic characteristics. Such tests can include cellular and
colony morphology (i.e., use of selective and/or differential media), biochemical profiles
(enzymatic activity or substrate utilization), immunological identity, characteristic growth, and
antibiotic susceptibility.
Additionally, for recombinant bacterial expression cell lines (e.g., E. coli) molecular
characterization testing can include DNA sequencing of the target gene sequence along with
the flanking regions, expression construct retention, and plasmid copy number. Analysis of the
expression construct at the nucleic acid level should be performed with consideration that this
verifies only the coding sequence of a recombinant gene. Restriction endonuclease mapping or
other suitable techniques should be used to analyze the expression construct for insertions or
deletions and for the number of integration sites. For extrachromosomal expression systems,
the percent of host cells that retain the expression construct should be determined under
selected and nonselected growth conditions. For cells with chromosomal copies of the
expression construct, the nucleotide sequence encoding the product could be verified by
recloning and sequencing of chromosomal copies.
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Much of this testing should be conducted on the MCB if possible, which will preclude the need
to repeat much of the testing on each WCB or production lot, although sometimes redundant
testing (on both MCB and WCB) may be desirable.
Limited identity testing is generally performed on each WCB if extensive identity testing was
performed on the MCB. For recombinant products, the identity of the WCB should be assessed
by restriction endonuclease mapping of the expression construct for copy number and for
insertions or deletions. In addition, where appropriate, the WCB should be identified by
phenotypic characterization (e.g., auxotrophy, antibiotic resistance).
For each lot of WCB derived from the MCB, manufacturers should routinely test for
contaminants that may have been introduced from the culture medium during preparation.
Purity tests like those performed on the MCB to test for adventitious agents may be performed
on the WCB.
Characteristics of the recombinant protein product can also be applied (see below) as another
means of defining the ultimate output of the cell line.
In the event that a new MCB is needed, the testing performed on a new MCB should be the
same as that performed on the original MCB unless justified. If a new MCB is to be generated by
expression construct transfer into host cells followed by clonal selection, then acceptance
criteria for both the new clone and the protein produced by the clone should be described and
justified.
Cell Bank Storage
In both MCB and WCB of the same product, similar containers (such as cryovials) are generally
used and are treated identically during storage.
The location, identity, and detailed inventory of individual ampules of cells should be thoroughly
documented with procedures that allow the cell bank containers to be traced. Labeling should
clearly indicate the biological name of the components, unique container number, lot or batch
number if applicable, and the type of bank (such as MCB or WCB). The label must withstand
storage and retrieval without loss of integrity or information.
Cell banks should be established, stored, and used in a way that minimizes the risk of
contamination or cross-contamination by other cell types that may be present in storage. Once
issued, banked materials cannot be returned to the controlled storage area. Access to banked
material must be controlled by a strict inventory-control system with limited access by
authorized individuals only.
Cell banks should be stored in either the liquid or vapor phase of liquid nitrogen. Other storage
conditions (generally
60 ) may be acceptable when supported by data that demonstrate
that a minimum level of cell viability is maintained and is adequate for production use. Storage
temperature and other critical storage conditions should be maintained within validated limits.
Temperatures must be continuously monitored and recorded, preferably on an alarm system.
Shipping containers used to transport cryopreserved cell banks to offsite storage facilities or
manufacturing facilities must be validated, and shipping qualification must be performed before
use.
Because of more frequent usage of WCBs and to protect the MCB, the WCB should be stored
separately from the MCB. Cell banks may also be stored in two or more widely separate areas
within the production facility, as well as at a distant site in order to avoid loss of the cell bank
(e.g., caused by equipment malfunctions or disaster at the site). When stored in different
locations, the cell banks must be stored under the same conditions.
As part of a disaster recovery plan, the manufacturer should document the steps and timeline
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needed to restart production of new cell banks and/or contingency plans for continued
manufacturing production.
Storage Stability
MCB and WCB should be placed in a stability program. Evidence for banked cell stability under
defined storage conditions usually is generated during production of clinical trial material or
commercial material from the banked cells. Data from the determination of cell viability when
the preserved cells are reconstituted for production of clinical trial supplies can verify that the
revived cells have survived the preservation process. Data from the preparation of clinical
materials are used to demonstrate that the revived cells can be used to prepare the desired
product.
Enough MCB material for the lifetime of the product should be put on stability (enough WCB
should be put on stability to support the lifetime of the WCB). This can be a large volume
because the product lifetime can be quite long (e.g., 50 years). During the preparation of the
MCB, the lot size should be large enough to allow adequate inventory to support the lifetime of
the stability study as well as production for the life of the product. Time points for such a longterm study might include 0, 6, and 12 months, and then perhaps every 1 to 3 years thereafter.
Typically, no expiration dating is used for cell banks because stability studies are used to
confirm the suitability of the material. Greater reliance is placed on the successful (and typical)
culture of the cells themselves. The proposed monitoring should be documented in preapproved protocols. The time points can be reduced (e.g., increase the time between time
points) if data indicate stability. In addition, time points can be added if sufficient material is
available and the data suggest that more monitoring is needed. The stability plan depends on
the use rate in manufacturing.
FERMENTATION
Production of the drug substance for a bacterial vaccine requires a fermentation process that is
consistent and highly productive. The approach to achieving this has become fairly
standardized and provides a relatively high probability of success for early batch production to
support a development program. It is still a significant challenge to achieve sufficient
productivity to support commercial manufacture of a licensed product. Directly following any
fermentation process is the harvest process, which serves as a transition step between
biomass expansion and downstream process steps. For purposes of this chapter, harvest will be
considered as an extension of the fermentation process.
Fermentation Starting Materials: Cell Inoculum
The cell inoculum for the fermentation process is the single most important component for
establishing a reproducible fermentation process. In early development before finalizing
fermentation conditions, manufacturers typically must generate an interim source of this
inoculum, a Process Development Cell Bank (PDCB). The origin of the PDCB should be a clonal
isolate of the original transfected or isolated cell line that demonstrates suitable growth
properties and produces the antigen of interest in sufficient quantity and quality for the
intended purpose. The use of a clonal isolate ensures that the genetic starting point for each
batch is the same and that subtle variations in process conditions will not inadvertently allow
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one population versus another to dominate the culture. That is, the PDCB is used for
fermentation development to ensure that variations in the fermentation conditions can be
interpreted without the overlay of competition between populations of transfectants.
Initial development of the fermentation process, preferably with the PDCB, typically precedes
production of the MCB and WCB. Best practice is to derive these cell banks from the same
clonal isolate as the PDCB in order to reduce the need for a second cycle of fermentation
development when the WCB is deployed. Substitution of a WCB for the PDCB at the final stages
of fermentation development is common practice, but care must be taken to constrain such
experiments to optimization of the fermentation process. More detail is found in the cell banks
section above.
Fermentation Hardware
The biomass production process typically begins with a small-volume inoculum in an initial
fermentation volume that is 20- to 100-fold larger than the initial inoculum volume. This initial
passage is often followed by one or more intermediate fermentations that expand the
production volume by 20- to 100-fold at each step until the production fermentation volume
(typically 500–3000 L) is reached. Routine manufacture at these scales requires well-controlled
fermentation conditions and physical facilities that meet the economic and cGMP needs for a
successful product.
Bacterial fermentations have traditionally been carried out in glass, glass-lined, or passivated
stainless steel fermenters that comply with cGMP requirements, particularly when using large
fermenters (e.g., those with > 1000 L working volume) because of containment issues with
such large volumes of liquid. Traditional fermentation systems require hard-piped control
systems that meet the need for clean-in-place and steam-in-place capability. The bioburden
and complexity of the facility are increased if the fermentation operations must accommodate
multiple product lines as well.
Smaller fermentation batches are increasingly performed in disposable bioreactors such as
single-use bags with completely disposable product contact surfaces, including sensors and
probes. These systems are becoming readily available, are less expensive, and are more flexible
than fixed equipment and meet the needs of the competitive business and evolving cGMP
expectations and requirements. A note of caution is warranted, though, because this
disposable technology can lead to changes in the material of product contact surfaces. Such
changes then require re-evaluation and sometimes revalidation of the manufacturing process
for late-stage development and commercial products. Thus the reduced cleaning burden may
bring an increase in the need for extractability and leachability studies.
Harvest Hardware
Harvest of the fermentation product can focus on recovery of either the wet cell mass from
which the product will be extracted or the fermentation broth from which the product will be
directly purified. In the former case, centrifugal separation is typically employed. Productionscale centrifuges can be either closed operations with a fixed volume of input and manual
recovery of the pellet or continuous-flow operations that automatically eject and recover the
clarified supernatant and/or the accumulated pellet. Although centrifuges are efficient in
harvesting a fermentation product, shear forces can have significant effects on the product
stream (e.g., lysed cells, sheared molecules in solution). Alternatively, and particularly when
the product is secreted into the solution rather than retained in the cells, membrane filtration
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systems may be used to clarify the product stream for subsequent purification. Tangential-flow
and depth filtration systems can be effective means of recovering soluble product with less
concern about shear forces.
In all cases, monitoring the processing of the fermentation output and solids removal from the
liquid matrix can be simple but effective means to monitor process consistency and
comparability. Off-line tools such as high performance liquid chromatography (HPLC), sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), or Western blot analyses can
track product integrity issues such as aggregation or proteolysis.
Process Development
A productive, robust fermentation process is the result of careful consideration of a broad
collection of variables, considered alone as well as in conjunction with product design and
downstream processing. Fermentation process variables include chemical inputs (e.g., carbon
sources, minerals, vitamins, trace elements, and gases), physical inputs (e.g., temperature,
mixing), and biological processes (e.g., nutrient utilization rates, metabolite levels).
Product Requirements
A critical consideration in process development is anticipating how much of the product will be
needed. Too little product caused by operating at too small a scale imposes supply constraints
and often postlicensure urgency to scale up the process. In contrast, too much product results
in excess inventory, expiring lots, infrequent manufacturing (itself a problem), and generally
poor economics. A clear market evaluation is needed before one designs the manufacturing
process or commits to a process for scale-up or -down.
Process Design
If one has a reasonably defined production need and an initial estimate of product yield, one
can extrapolate the scale of the fermentation from the volume (yield), production frequency,
and the expected productivity. Commercial fermentation of bacterial cultures is routinely carried
out in volumes as large as 3000 L, but larger volumes are also in use. A few large lots per year
can be advantageous for a very robust process but may be limited by downstream process
capabilities and/or the stability of the fermentation product as a production intermediate. An
additional consideration may be the difficulty in generating enough lots to ensure that the
fermentation process is indeed robust. Failure of a large lot carries important financial and
inventory risks.
A large number of lots can impose logistical problems if turn-around time is too tight or
coordination of downstream events becomes too complex. Logistics includes quality control
testing, which depends on the number rather than the size of lots. Production that involves a
large number of smaller lots can also require blending of multiple intermediate lots in order to
produce a final drug product lot. This can cause challenges if product-related problems occur
and may entail root-cause investigations. In general, appropriate fermentation sizing results in
a process that has a turn-around time of less than a week, that can be accommodated with
one or a few purification runs, and that results in one to several fills of final product after each
purification cycle.
Early Development Considerations
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During early development of a biological product, the most important fermentation
considerations are an appropriate, well-defined MCB and a fermentation process that is
reasonably productive, reproducible, and scalable. The latter is often underestimated when one
considers the physical, chemical, and biological control of the process as process volumes
change by orders of magnitude.
The mechanics of the fermentation process are an important consideration. Fermentations are
typically studied in shake flask experiments or even microscale reactors that can readily
accommodate many experiments conducted in parallel. Although this is attractive for initial
identification of process conditions, the ultimate culture vessel should be a controlled fermenter
where growth conditions can be controlled and monitored in a more rigorous and complete
manner. Manufacturers should begin work in small-scale fermenters as early as possible to
ensure that robust, controlled experiments can be run to refine the initial fermentation
conditions.
Fermentation harvest processes also should be scalable. Although it is possible to scale
centrifugation conditions, it is a challenge to maintain equivalent centrifugal conditions,
particularly in a flow-through mode. Filtration processes can usually be scaled more predictably
provided the membrane manufacturer is anticipating the needs of the process development
scientist.
When manufacturers define a process, they should evaluate its robustness by purposeful
deviations such as changes in sources of raw materials and time and temperature limits of unit
operations. Such evaluations better define the rationale for setting process limits and for
knowing which are most critical to the success of the manufacturing process.
Process Monitoring
On the basis of early development process characterization data, manufacturers should be able
to identify key analytical measures that, if applied to all lots, can either verify the correct
progression of the process or serve as a sentinel to determine whether a specific batch is
showing signs of deviating from the typical profile. In the absence of such data, an aberrant
process may go unnoticed or may not be detected until testing of a process intermediate
shows either an out-of-trend or out-of-specification result.
For a fermentation process, many critical variables (e.g., optical density, pH, and specific
nutrient levels) can be measured online and in real time to potentially allow intervention to bring
a given process back into normal range or at least to identify the point in the process at which
the deviation occurred. Such data can be valuable in identifying potential process
improvements. Conversely, in the absence of such data troubleshooting can be a challenging
and protracted process.
Scale-up
Just as early development requires a focus on small-scale operations, scale-up becomes
essential at some point to ensure that sufficiently large lots can be made to meet program
needs. As these needs become increasingly complex, larger lots are essential to ensure that
multiple experiments and observations can be tied to the same lot of product, which in turn is
critical to understanding critical process and product variables. If proper process engineering
considerations were taken into account at the smaller production scale, scale-up can usually
be done in increments of ten-fold in volume with reasonable expectation that significant
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process performance or product changes will not be seen. This approach may require
adjustments at an intermediate scale if the initial fermentation was based on too small a volume
or if the final production scale is very large. Again, process monitoring data can be very helpful
in evaluating the success of the scaled-up process.
If clinical development studies are performed at less than full manufacturing scale, as they
usually are, manufacturers will be obliged to relate the comparability of the process
performance and the product characteristics at the different scales. Analytical data can be
compelling, but in their absence or in the presence of differences, manufacturers must
demonstrate that scale-related differences are not clinically significant. In order to avoid fixing
something that is not broken, analysts must take care to isolate differences caused by
fermentation scale-up from changes caused by harvest or purification scale-up. One way to
accomplish this is to compare process intermediates obtained, as possible, during the
fermentation and harvest processes. As an example, online monitoring of fermentation
conditions such as pH or glucose level can be used to demonstrate similarity during the time
course of the fermentation. Similarly, measurements at the end of the fermentation process
(e.g., final cell density, cell viability) and intermediate measurements during harvest (e.g.,
turbidity of clarified broth, wet cell mass in the pellet) provide useful information for evaluating
the similarity or differences during scale-up.
PURIFICATION
A general overview of purification for bacterial derived vaccines is presented in USP Vaccines
for Human Use—General Considerations 1235 . In addition to a description of critical
processing equipment, reagents, and processing steps, manufacturers should provide the
rationale for the purification process chosen for component antigens recovered from the crude
harvest. As with the other processes, analysts should consider the source of all raw materials
and ensure that they come from reliable vendors who adhere to cGMP and can ensure a longterm supply. The removal of nonproduct-related impurities (e.g., processing reagents,
endotoxin, contaminating cell proteins or nucleic acids, and other residual contaminants) should
be verified.
The drug substance can be one of several types of compounds: e.g., polysaccharides (wild
type or modified), proteins (wild type, mutant, toxoids, or recombinant), or products of
conjugation of polysaccharides and proteins.
To define and control purification processes for drug substance and drug products, the
manufacturer should establish targets for process parameters and tolerances for all critical
process steps including yields, activity, and purity. Requirements for pooling, if applicable,
should be established. The requirements and conditions for storage of intermediates, bulks, and
final containers must be established by an official stability program. The use, reuse,
regeneration, and cleaning of all drug product/drug substance contact equipment (e.g., filters,
chromatographic columns and resins, tanks, and process lines) should be validated. In addition,
extractable/leachable studies should be performed for all product contact equipment (e.g.,
disposable bag systems, chromatographic column resins, and process lines).
Polysaccharide Purification
The purification steps for polysaccharides depend on the phenotype (e.g., gram negative or
positive), polysaccharide presentation (e.g., membrane bound or excreted within the
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supernatant), and the chemical nature of the polysaccharide itself [e.g., idealized backbone
linkages (glycosidic bond, phosphodiester bond), overall charge, types of charge groups, and
types of side group modifications (O-acetyl, uronic acid, sialic acid, N-acetyl, pyruvate, or Omethyl)]. Polysaccharide harvest methods determine clarification and downstream purification
requirements. Clarification methods depend on whether it is necessary to perform cell lysis or
only to separate cell-free broth from cellular debris. Harvest techniques include centrifugation,
depth filtration, tangential-flow filtration, microfiltration, sizing filtration, or a combination of
techniques. The culture may be inactivated or residual contaminants removed by selective
precipitation (e.g., protein denaturation) using heat or chemical treatments (e.g., salts,
detergents, enzymes, or phenol). This may require cold-storage settling before clarification.
Methods for postclarification polysaccharide precipitation are used both for isolation and
purification. Fractional precipitation methods are based on overall charge or cationic binding
affinities of the polysaccharide (e.g., alcoholic precipitation, ion-exchange chromatography).
Agents such as cationic detergents, salts, and solvents can be used to differentially precipitate
charged species from uncharged molecules. Precipitation can be performed in stepwise fashion
to remove residual impurities from polysaccharide or by a series of precipitations to achieve the
desired purity. Polysaccharide may be contained in either the precipitate or supernatant
depending on the charge and nature of the polysaccharide. Precipitation is followed by isolation
steps such as centrifugation and/or filtration during which either the precipitate is discarded or
resuspended in a secondary precipitating agent until the polysaccharide is recovered.
Extraction with solvents such as phenol is sometimes used to remove impurities.
An alternative and additional approach to selective precipitation methods is the use of
chromatographic methods. Ion-exchange chromatography (e.g., DEAE Sepharose),
hydrophobic-interaction chromatography (HIC), and gel-permeation chromatography separately
and in combination have been used successfully to purify polysaccharides. At neutral pH the
charge on acidic polysaccharides can be used on anion exchangers to separate acidic
polysaccharides from impurities. Ion exchangers can also be used to purify neutral
polysaccharides in flow-through mode, binding impurities while neutral polysaccharides flow
through the column. HIC can also be used to bind impurities while the polysaccharide passes in
the flow-through fraction. If there are no base-labile groups, the charge on neutral and acidic
polysaccharides can be modified by addition of base to ionize hydroxyls before chromatography.
The basic conditions used control the level of N-acetylation, and the polysaccharides can be
re-acetylated as needed. Borate salts can be used to enhance separation during ion-exchange
chromatography. A combination of precipitation, filtration, and chromatographic procedures can
also be used.
Diafiltrations, ultrafiltrations, and intermediate drying steps can be used as needed to
concentrate polysaccharides while removing low molecular weight impurities or replacing
processing salts and solvents. The precipitates or column fractions can be further purified using
suitable methods (e.g., enzyme treatments, solvent extractions, or column chromatography) to
remove impurities such as nucleic acids, proteins, and lipopolysaccharides. A preliminary side
group modification can also be included in the purification process (e.g., de-O-acetylation,
partial depyruvylation).
The final purification step can consist of buffer exchange and filtration followed by storage of
purified liquid polysaccharide (frozen) or additional final precipitation and washing of the
precipitate with solvent before drying followed by storage. Drying can be performed via several
types of processes (e.g., drying under vacuum or in desiccators or by lyophilization). Drying of
polysaccharides can be performed in desiccators (at various temperatures) and can include
several steps of grinding or fluffing and return to the desiccators for further drying.
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Lyophilization of polysaccharides is possible with appropriate controls if the process requires
retention of bound water. Some polysaccharides may require a residual amount of moisture to
maintain stability over time. The polysaccharide is then stored under suitable conditions to
avoid moisture uptake.
In-process Controls
Manufacturers identify critical process steps and perform appropriate tests to monitor the
purification process. Among the latter are filter integrity tests, Microbiological Examination of
Nonsterile Products: Microbial Enumeration Tests 61 , Bacterial Endotoxins Test 85 , and
other suitable tests for residues of reagents (e.g., residual reagents, solvents, enzymes, or
cations) used in purification. Polysaccharide size can be influenced by the mechanical action of
centrifuges, stirrers, impellers, or filtration devices. If molecular size is a critical quality
attribute, analysts can perform an in-process test for size (e.g., high performance, sizeexclusion chromatography, multi-angle laser light scattering (HPSEC-MALLS)) at the appropriate
process steps to monitor and control polysaccharide size. In order to demonstrate process
performance and reliability, manufacturers should characterize inherent residual contaminants
(e.g., protein, DNA, and lipids). When validation studies have demonstrated removal of residual
reagents, testing of purified polysaccharides can be omitted. If material must be sterile,
analysts can perform Sterility Tests

71 .
Protein Purification

The classes of bacterial protein vaccines include toxoids, nontoxoids (e.g., pertussis antigens),
naturally occurring mutants (e.g., CRM197) as carrier proteins, and engineered recombinant
products.
Toxoids. At the end of fermentation, toxin-containing culture medium should be separated
aseptically from the bacterial mass as soon as possible or placed in a cold room until separation
can be effected. The toxin content (Lf/mL) is checked by flocculation assay using the
appropriate USP antitoxin Standard to monitor production consistency (culture should contain
NLT 40 Lf/mL). The toxin is first purified to remove components that are likely to cause adverse
reactions in humans. A typical process includes depth filtration followed by 0.2-µm filtration to
assist in removal of cellular debris. Following preliminary purification, the toxin is then detoxified
with formaldehyde or glutaraldehyde by a method that avoids both destruction of the
immunogenic potency of the toxoid and reversion of the toxoid to toxin, particularly on
exposure to heat. Some toxoids require a single addition of formaldehyde, but others can
require multiple additions. Alternatively the toxin could be detoxified and then purified or
partially purified by depth filtration, detoxified by addition of an appropriate aldehyde, filtered
using 0.2-µm filtration, and then pooled. The pooled toxoid solution is further purified by
clarification with activated carbon, followed by multiple ammonium sulfate precipitation steps
that further fractionate and concentrate the toxoid. Typical additional purification steps include
concentration, diafiltration, and/or chromatography. Purification before detoxification results in
a purer product and can be advantageous if the toxoid is to be used as the protein component
of a protein–carbohydrate conjugate (because copurifying high molecular weight glycans will be
removed before detoxification).
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During detoxification and purification, endotoxin testing according to Bacterial Endotoxins Test
85 , and formaldehyde, protein, and irreversibility testing are performed to control and
ensure consistency of the purification process. If material must be sterile, Sterility Tests
can be performed.

71

Proteins/Recombinant Proteins. Proteins used to make vaccines can be recombinant (in
their native state or engineered to modify certain amino acids), or they can be naturally
occurring mutants that have no wild-type activity yet are capable of inducing the appropriate
immune response. Proteins are harvested from the fermenter and are purified by suitable
methods, typically consisting of filtration–concentration steps (e.g., ultrafiltration, tangentialflow filtration, diafiltration, centrifugation, and even direct capture using expanded-bed
chromatography or big-bead technologies). The enriched protein solution can be further purified
using appropriate filtration and chromatographic steps. For all equipment that contacts drug
substances (e.g., chromatographic resins, disposable bag systems, or process lines),
manufacturers should assess extractables/leachables. Analysts should determine column resin
life for all chromatographic systems used in the purification (including number of uses,
reconditioning requirements, and storage conditions).
The type of chromatography used to purify proteins depends on the physical/chemical
properties of the desired protein as well as those of other molecular entities in the harvest
culture. As an example, CRM197 can be purified using a multistep chromatographic process:
Production material is first diafiltered and then is separated by ion-exchange chromatography
(DEAE-Sepharose) in order to purify the target protein based on differences between the
surface charge of the target protein and other molecular entities present in the purification
stream. The peak of interest is collected, and ammonium sulfate is added, followed by 0.22-µm
filtration to condition the material before loading on the hydrophobic-interaction
chromatography column (Phenyl Sepharose) for purification of the target protein based on its
surface hydrophobicity. The peak fraction is then diluted with Water for Injection and is
separated onto a ceramic hydroxyapatite column to further purify the target protein based on
its surface charge. The eluted peak is then buffer exchanged into the storage buffer by
ultrafiltration/diafiltration using cross-flow membrane filtration followed by 0.22-µm filtration to
yield the sterile purified concentrate.
In-process control of protein purification includes monitoring specific protein content and
critical process steps as well as monitoring removal of unwanted fermentation and purification
components. The pH is critical for ion-exchange chromatography, and therefore pH should be
monitored. For steps designed to remove endotoxin, procedures in Bacterial Endotoxins Test
85

are used to monitor column eluants. Bioburden is monitored according to Microbiological
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after filtration and

chromatography steps. If material must be sterile, the sterility test in Sterility Tests
should be performed.

71

Polysaccharide–Protein Conjugates. Polysaccharide preparation and activation
polysaccharides used in conjugation reactions vary in size from native high molecular weight
polysaccharide to oligosaccharides produced by controlled depolymerization. Some
polysaccharides can also be modified (e.g., de-O-acetylated, partially depyruvylated).
Sizing/depolymerization of polysaccharides is performed in a variety of ways (e.g., enzymatic
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reduction, acid/base catalysis, heat catalysis, chemical oxidation/reduction, or sonication).
Activation of polysaccharides can be performed by several different methods depending on the
lability of particular epitopes under differing depolymerization conditions or the type of
conjugate desired (e.g., neoglycoconjugate or lattice-type conjugate, use of a linker molecule
or direct conjugation, or reductive amination). Appropriately sized and activated
polysaccharides are purified by suitable methods that typically consist of various combinations
of concentration and filtration (ultrafiltration/diafiltration) and chromatographic methods (sizeexclusion chromatography, HIC).
The in-process testing performed to monitor the depolymerization and activation process
depends on the process used. Typical control tests are pH monitoring and temperature
monitoring of the sizing and activation reactions. The size of the polysaccharide during
depolymerization can be followed by an appropriate chromatographic procedure (e.g., SECMALLS). Testing of depolymerized polysaccharide for select functional groups (e.g., O-acetyl,
N-acetyl, or pyruvyl groups) may be required and can be determined by nuclear magnetic
resonance (see Nuclear Magnetic Resonance 761 ). In-process testing of the activated
polysaccharide depends on the activation process used. For example, if reductive amination is
used to attach a linker to the depolymerized polysaccharide, the control testing would include
measurement of reducing activity (e.g., available reducing sugars), polysaccharide content
(e.g., for determining the loading ratio in conjugation), and total and free linker content (e.g.,
for determining the number of active sites for conjugation). The concentration/filtration steps
of the purification process are monitored for conductivity to ensure removal of salts.
Conjugation. The conjugation chemistry used determines the type of conjugate made (i.e.,
neoglycoconjugate or lattice). The conjugate is obtained by the covalent binding of activated
polysaccharides to the carrier protein. Conjugates are purified by suitable methods designed to
remove residual reagents used for conjugation as well as to remove unreacted polysaccharide
and protein. The removal of residual reagents is confirmed by suitable tests or by validation of
the purification process. Suitable tests are carried out to determine residues of reagents used
during inactivation and purification. When validation studies have demonstrated removal of
residual reagents, the test on conjugate polysaccharides can be omitted.
Appropriate chromatographic procedures (HIC, SEC) are used to remove the unreacted
polysaccharides and protein. Filtration (ultrafiltration/diafiltration, tangential-flow filtration) is
used to remove residual chemicals and salts that are used in conjugation or that are byproducts of conjugation. Bioburden testing (see Microbiological Examination of Nonsterile
Products: Microbial Enumeration Tests

61 ) is performed before sterile filtration.
INTERMEDIATES

An intermediate or process intermediate in vaccine manufacture is the reaction product of each
step in the process except the last one, which forms the final product. Examples of
intermediates are bulk-purified polysaccharides, proteins, and activated polysaccharides that
conjugate to protein.
Most of the production processes of vaccines are produced stepwise and take more than one
elementary step to complete. An intermediate is produced from raw materials by one or more
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subsequent process steps (e.g., bacterial growth, extraction and purification, and chemical
modification), eventually resulting in the drug substance. The identification of the key
intermediates, their production, and sampling for analytical tests must be defined in controlled
documents (e.g., batch records, analytical protocols).
Intermediates can be stored for considerable periods of time before further processing and can
be included in a formal stability program (see Storage Stability, above). When applicable,
stability studies in normal or accelerated conditions and release tests should be performed
before manufacturing proceeds to the next steps.
From raw material to finished drug substance, testing throughout the process ensures a quality
product. Testing of intermediates is a key quality control step to ensure their identity and
purity. The quality attributes of the intermediate are commonly tested in conjunction with
further processing, and their release testing should be considered. Standard operating
procedures (SOPs) must be properly defined for the analytical control tests. Because of their
critical role in the production process, some key intermediates could be included in formal
release testing, in addition to the intermediates identified for in-process testing.
Examples of tests for structural characterization of carbohydrate-based intermediates include
the following:
identity and O-acetylation level (nuclear magnetic resonance)
molecular size and polydispersity (SEC–UV, SEC-Refractive Index, SEC-MALLS, SECFluorescence)
saccharide content [colorimetric assays, high-pH anion-exchange chromatography with
pulsed amperometric detection (HPAEC-PAD), -Fluorescence]
specific rotation, see Optical Rotation 781
saccharide content, O-acetyl content (colorimetric assays)
counterion content, e.g., Na+ and Ca2+ (inductively coupled plasma–mass
spectroscopy, atomic absorption).
Examples of tests for the purity of carbohydrate-based intermediates based on estimates of
the product- and process-related impurities include the following:
endotoxin content (Bacterial Endotoxins Test 85 )
proteins, nucleic acids, proteins, cetavlon (colorimetric assays)
water content (Karl Fischer titration; see Water Determination 921 )
volatile substances (thermogravimetry)
organic solvents, e.g. ethanol, phenol, acetone, DMSO, or ethyl acetate (gas
chromatography–flame ionization detection; see Residual Solvents 467 )
bioburden (total viable aerobic count of microbial contamination; see Microbiological
Examination of Nonsterile Products: Microbial Enumeration Tests

61 )

Examples of tests for structural characterization and purity estimation of protein-based
intermediates include the following:
identity and molecular size (SDS-PAGE, Western Blot, SEC-UV, SEC-Fluorescence, SECMALLS, reverse phase chromatography)
endotoxin content (see Bacterial Endotoxins Test 85 )
residual nucleic acids [colorimetric assay; see Nucleic Acid-Based Techniques—
Approaches for Detecting Trace Nucleic Acids (Residual DNA Testing)

1130 ]
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bioburden (total viable aerobic count of microbial contamination; see Microbiological
Examination of Nonsterile Products: Microbial Enumeration Tests 61 )
host-cell proteins (Western Blot)
other proteins as impurities (SDS-Page, SEC-UV, SEC-Fluorescence, reversed-phase
chromatography)
The tests previously reported for protein-based intermediates are also applicable when the
protein-based product is defined as the drug substance. In addition to the examples reported
above, many other methodologies can be applied for the identity and purity evaluation.
Stability tests for intermediates can include physicochemical methods (see section on
Intermediates, above), formally included within an analytical panel for the stability study. In
addition, biological and immunochemical tests [e.g., enzyme-linked immunosorbent assay
(ELISA)] can be included. If intermediates must be stored and/or subsequently shipped to a
different location for further processing, the stability of these materials must be demonstrated.
DRUG SUBSTANCE
The drug substance is the final bulk that contains the antigen at the desired concentration and
is ready for the addition of other ingredients (e.g., diluents, bulking agent, stabilizing
excipients, adjuvants, or preservatives) to produce the finished dosage formulation.
The drug substance is the final product of the antigen manufacture process, before the
formulation of the final vaccine dosage. The final bulk may be prepared aseptically or may
include a sterilization step. Sampling for analytical tests for release and stability studies (see
Storage Stability, above) must be defined in controlled documents (e.g., batch records,
analytical protocols).
Drug substances can be stored for a considerable period of time before further processing, but
if it is stored the drug substance must be included in a formal stability program (see Storage
Stability, above). Stability studies in normal or accelerated conditions, along with release tests,
must be performed before manufacturers proceed to the final filling and formulation of vaccine.
Testing of the drug substance must be performed to ensure its identity and purity. All the
testing must be done according to established SOPs, and all tests must have specifications (or
provisional specifications, where applicable).
Examples of tests for structural characterization of carbohydrate-based products include the
following:
identity and O-acetylation level [nuclear magnetic resonance (NMR)]
total and free saccharide content [HPAEC-PAD, capillary electrophoresis (CE), or
colorimetric assays]
total and free protein content (colorimetric assay, SEC with UV, RI, or fluorescence
detection, CE)
O-acetyl content (colorimetric assays)
molecular size (SEC-UV, -RI, -Fluorescence, or -MALLS)
Examples of tests for the purity of carbohydrate-based drug substances based on estimating
the product- and process-related impurities include the following:
endotoxin content (Bacterial Endotoxins Test 85 )
process-related residuals (e.g., cyanide, iodide, bromide, ammonium sulfate, or organic
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solvents)
Bioburden (total viable aerobic count of microbial contamination; see Microbiological
Examination of Nonsterile Products: Microbial Enumeration Tests

61 )

In addition to the examples reported above, many other methodologies can be applied for
identity and purity evaluation. For instance, specific impurities that must be measured are
determined by negotiations between manufacturers and the national drug regulatory agency
during the licensure process.
A stability program is required for formal stability studies, and the studies must be executed
according to a protocol that contains detailed information about types of tests, specifications,
testing intervals, and time points. All the results must be reported in a controlled document.
Stability tests can include both physicochemical methods (see stability information, above) and
biological/immunochemical tests (e.g. ELISA and SBA; see Quality of Biotechnological Products:
Stability Testing of Biotechnological/Biological Products

1049 ).

DRUG PRODUCT AND LOT RELEASE
General principles are described in Vaccines for Human Use—General Considerations 1235 ,
which outlines the lot release procedure in accordance with 21 CFR 610.1 and 21 CFR 610.2.
For products that will be used in the United States, samples and protocols containing all
appropriate tests must be submitted to FDA for review and/or testing. If FDA determines that
the lot meets the standards of safety, purity, and potency required for the particular vaccine,
the lot is approved for release, distribution, and marketing.
Common tests are required for each lot-release protocol. These include tests for potency,
general safety, sterility, purity, identity, and constituent materials. Potency and potencyrelated tests are different for each bacterial vaccine. The inclusion of these tests makes each
bacterial vaccine lot-release protocol unique.
The contents of a final container of each filling of each lot are tested for identity after labeling
is completed. Identity is established either by physical or chemical characteristics of the
vaccine, inspection by macroscopic or microscopic methods, specific cultural tests, or in vivo or
in vitro immunological tests. In large part, identity testing is performed to distinguish the
vaccine from other materials that are manufactured at the same site (21 CFR 610.14). The
same tests that establish identity may also be appropriate for defining the quantity of
immunogen present in the final vial. This is especially important for carbohydrate-based
vaccines that are dosed by mass and for which physicochemical measures of antigen quality
are used.
Immunochemical methods, which include immunoprecipitation methods and
immunoelectrophoretic methods, have been useful. Immunoprecipitation methods, flocculation
and precipitation, can be carried out in solution or in a gel matrix and involve mixing the antigen
with an appropriate antibody, leading to the formation of flocculating or precipitating
aggregates that can be detected visually or by light scattering (light scattering or
nephelometry). The ratio of reactants must be varied to optimize the detected response. In
solution this can be achieved by titrating one reactant with the other, and increased sensitivity
can be obtained by using antigen- or antibody-coated particles (e.g., latex) as reactants. In
gel systems, a gradient is created as one or more of the reactants diffuse, creating a visible
line where precipitation occurs. Immunoelectrophoresis (IE) is a qualitative technique that
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combines two methods: gel electrophoresis followed by immunodiffusion. Crossed IE is a
modification of the IE method that is suitable both for qualitative and quantitative analysis.
Visualization and characterization of immunoprecipitation lines can be performed by selective or
nonselective stains, fluorescence, enzyme or isotope labeling, or other relevant techniques.
Selective staining methods are usually performed for characterization of nonprotein substances
in the precipitates. In translucent gels, such as agar or agarose, the precipitation line becomes
clearly visible in the gel provided that the concentration of each of the reactants is
appropriate.
Where multiple active components are present as a result of copurification (e.g., certain
acellular pertussis vaccines), the manufacturer must demonstrate that the composition of the
product is consistent between batches, unless this has been validated during the development
of the manufacturing process.
For certain vaccines, notably those that use purified polysaccharide immunogens, identity and
immunogen quantity can be demonstrated using one or more chemical and physicochemical
approaches such as colorimetric determinations of different groups of sugar residues expected
to be present, chromatography, or high-field nuclear magnetic resonance spectroscopy.
A number of classical colorimetric assays for quantification of various classes of sugar have
been used to define the composition of polysaccharides used as vaccines, including the orcinol
assay for ribose, phosphorus, sialic acid, uronic acids, and aminosugars. In general, these
approaches have been superseded by chromatographic methods, including gas chromatography
and HPAEC, which is widely used to determine Hib PRP glycoconjugate immunogens in
monovalent or combination vaccines and in meningococcal conjugate immunogens.
Immunochemical methods that have been used to quantify polysaccharide antigens include (a)
rocket immuno-electrophoresis and (b) rate nephelometry. Electroimmunoassay, also called
rocket immuno-electrophoresis, is a quantitative method to determine antigens that differ in
charge from the antibodies. Electrophoresis of the antigen to be determined is carried out in a
gel that contains a lower concentration of the corresponding antibody. Nephelometry methods
have been used to quantify antigen in pneumococcal conjugate vaccines.
The consistency of the molecular size and molecular size distribution of polysaccharide- and
carbohydrate-containing conjugate vaccines can be determined by gel-permeation
chromatography on appropriate resins calibrated with suitable molecular weight markers or
coupled to laser light-scattering equipment that indicates absolute molecular weight if a value
for the refractive index increment (dn/dc) is known. Measurement of the molecular size of
glycoconjugate vaccines is widely used as an indicator of consistency of manufacture and can
be carried out on the drug substance or drug product. As a stability-indicating assay, it should
be carried out on drug product during stability studies.
Unless the contrary has been validated, manufacturers should demonstrate that reversion to
toxicity has not occurred (and will not occur over the shelf life) for a product derived from or
containing a toxoid material. This may require the use of a cell line or an in vivo test, although
enzymatic approaches are being validated.
An antigenic purity test is an assay that assesses the quantity of antigen and is used for
diphtheria and tetanus toxoid vaccines. The antigen content is determined by a flocculation
assay.
The manufacturer should prove a high and consistent level of immunogen adsorption to any
solid-phase adjuvant (such as aluminum phosphate or aluminum hydroxide) that is consistent
with the release specification.
For certain vaccines such as the anthrax vaccine and toxoid vaccines, the manufacturer is
required to demonstrate that the vaccine is protective against disease or death in animal
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models challenged with a predefined dose of the target pathogen. This generally requires
definition of the animal model, route of administration, vaccine dilutions required, a means to
observe effects, and a reference vaccine against which effects are compared. The data should
be analyzed appropriately (see Analysis of Biological Assays 1034 ).
Stability-indicating assays are those used to determine the stability of the product. Of primary
importance is the potency assay, although glycan degradation may be important in
glycoconjugate vaccines.
Other Vaccine Components and Vaccine Properties. Aluminum compounds are the primary
adjuvants used in vaccines in the United States. General chapter Vaccines for Human Use—
General Considerations 1235 provides provisions of the 21 CFR 610.15 governing the use of
aluminum and amounts allowed. The adjuvants widely used in bacterial vaccines include
aluminum potassium sulfate (alum), aluminum phosphate, aluminum hydroxide, and combinations
of these compounds. Bacterial vaccines formulated with adjuvants are referred to as adsorbed
vaccines, and this term may be included in the official name of the vaccine. Aluminum is
quantitated using colorimetric, titrimetric, emission or atomic absorption spectroscopy, or
inductively coupled plasma–mass spectrometry.
For regulations regarding residual manufacturing reagents, see 21 CFR 610.15. Manufacturing
reagents such as formaldehyde and glutaraldehyde sometimes are used in inactivation, the
toxoid-making processes, or elsewhere during manufacture and may be present in residual
amounts in the final product. Limits of formaldehyde are 200 ppm or less, and other residuals
must be minimized in accordance with the approved product license.
Common preservatives used in bacterial vaccines include thimerosal, phenol, 2-phenoxyethanol,
and benzalkonium chloride. Vaccines for Human Use—General Considerations 1235 and 21
CFR 610.15 provide additional information about the minimization of thimerosal content and the
production of thimerosal-free vaccines. Limits and content specifications are set for each
bacterial vaccine in the product license.
Each lot of final containers of a vaccine intended for use by injection is tested for bacterial
endotoxins as indicated in Bacterial Endotoxins Test 85 .
Each lot of final containers of a vaccine intended for use by injection may be tested for
pyrogenic substances as indicated in Pyrogen Test

151

and 21 CFR 610.14.

Each lot of dried product shall be tested for residual moisture (see Loss on Drying 731 and
FDA Guideline for the Determination of Residual Moisture in Dried Biological Products. January
1990). Residual moisture should be determined for lyophilized vaccines.
A general safety test is performed on biological products intended for administration to humans
with the purpose of detecting extraneous toxic contaminants. Procedures and exceptions are
specified in 21 CFR 610.11.
Excipient identity and quantity, preservatives, diluents, adjuvants, extraneous protein; and cell
culture-produced vaccines and antibiotics are tested according to 21 CFR 610.15.
“Free” or unconjugated saccharide in glycoconjugate vaccines is considered undesirable and is
subject to limit specifications. An increase in the amount of free saccharide is also a stabilityindicating assay. The methods adopted depend on separation of saccharide from conjugate and
application of the methods above to quantify the unconjugated saccharide. Separation
methods used include membrane separation (such as dialysis), use of hydrophobic media to
specifically trap the conjugate, solvent extraction, and selective immunochemical precipitation
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of the conjugate using anticarrier antibodies.
The sterility of each lot of each product is conducted according to procedures described in
Sterility Tests 71 and 21 CFR 610.12 for both bulk and final container material.
Information insert (Label). Vaccine product labeling is regulated in compliance with 21 CFR
201 and 610. Requirements are set both for container labeling and package labeling.
OTHER REQUIREMENTS
Retention samples are held by the manufacturer for at least six months after the expiration
date. Enough material of each lot of each product is held for examination and testing for safety
and potency (see 21 CFR 600.213).
Records are maintained concurrently with each step in the manufacture and distribution of
product such that at any time successive steps of manufacture and distribution may be traced
(see 21 CFR 699.12).
For storage conditions, see 21 CFR 610.50 and 53.
For shelf life/expiry date, see 21 CFR 619.50 and 53.
2S (USP35)

BRIEFING
d-10-Camphorsulfonic Acid. It is proposed to add this new reagent.
(HDQ: M. Marques.)
Correspondence Number—C102201

Comment deadline: September 30, 2011
Add the following:
d-10-Camphorsulfonic Acid [(1S)-(+)-10-camphorsulfonic acid; (1S)-Camphor-10-sulfonic
acid; (+)-Camphor-10-sulfonicacid ( )], C10 H16 O4 S——232.30 [3144-16-9]—Use a suitable
grade.
[Note—A suitable grade is available as catalog number C2107 from www.sigma-aldrich.com. ]
2S (USP35)

BRIEFING
Diatomaceous Earth, Flux-Calcinated, page 4757 of the First Supplement to USP34–
NF29. It is proposed to update the website address of a possible supplier of this reagent.
(HDQ: M. Marques.)
Correspondence Number—C102257

Comment deadline: September 30, 2011
Change to read:
Diatomaceous Earth, Flux-Calcined [91053-39-3]—Use a suitable grade.
[Note—A suitable grade is “Chromosorb W, AW-DMCS,” available from Alltech,
www.alltechweb.com Grace, www.grace.com. 2S (USP35)
]
BRIEFING
Diatomaceous Silica, Calcined, page 4757 of the First Supplement to USP34–NF29. It is
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proposed to update the website address of a possible supplier of this reagent.
(HDQ: M. Marques.)
Correspondence Number—C102258

Comment deadline: September 30, 2011
Change to read:
Diatomaceous Silica, Calcined [68855-54-9]—A form of silica (SiO2 ) consisting of fused
frustules and fragments of diatoms. It is an amorphous, fine, light pink or white powder.
Insoluble in water, in acids, and in dilute solutions of alkali hydroxides.
Loss on ignition—Accurately weigh about 4 g, and ignite to constant weight: it loses not more
than 10.0% of its weight.
Organic impurities—It does not darken appreciably upon ignition.
Loss on drying 731 —Dry it at 110 for 2 hours: it loses not more than 2.0% of its weight.
[Note—Suitable grades are “Chromosorb P” and “Chromosorb W,” available from Alltech,
www.alltechweb.com Grace, www.grace.com. 2S (USP35)
]
BRIEFING
dl-10-Camphorsulfonic Acid, page 4751 of the First Supplement to USP 34–NF 29. It is
proposed to correct the CAS number for this reagent and update its specification.
(HDQ: M. Marques.)
Correspondence Number—C102003

Comment deadline: September 30, 2011
Change to read:
dl-10-Camphorsulfonic Acid [Camphor-10-sulfonic acid ( )]; [(RS)-10-Camphorsulfonic
acid], 2S (USP35)
C10 H16 O4 S——232.30 [35963-20-3 5872-08-2 2S (USP35)
]—White to off-white, crystals or powder. 2S (USP35)
Is optically inactive.
Melting range

741 : decomposes at about 199 .

Use a suitable grade.
[Note—A suitable grade is available as catalog number 147923 from www.sigma-aldrich.com. ]
2S (USP35)

BRIEFING
Lead Acetate Cotton, USP 34 page 928. It is proposed to delete this reagent because it is
not used in any monograph or general chapter.
(HDQ: M. Marques.)
Correspondence Number—C102569

Comment deadline: September 30, 2011
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Delete the following:
Lead Acetate Cotton—Immerse absorbent cotton in a mixture of 1 volume of dilute acetic
acid and 10 volumes of lead acetate TS. Drain off the excess of liquid, without squeezing the
cotton, by placing it on several layers of filter paper. Allow to dry in air. Store in airtight
containers. USP34
2S (USP35)

BRIEFING
Papaic Digest of Soybean Meal, USP 34 page 936. It is proposed to update the
specifications of this reagent.
(HDQ: M. Marques..)
Correspondence Number—C103682

Comment deadline: September 30, 2011
Change to read:
Papaic Digest of Soybean Meal—A soluble nutrient material prepared by the action of the
enzyme papain on soybean meal followed by suitable purification and concentration. It meets
the specifications under Pancreatic Digest of Casein, except with respect to Nitrogen content
and except that it shows substantial amounts of reducing sugars. 2S (USP35)
It contains fermentable carbohydrates.and gives positive tests for indole, acetylmethylcarbinol,
and sulfide upon inoculation and incubation with the specified organisms. 2S (USP35)
Loss on drying
weight.

731 —Dry it at 100 to constant weight: it loses not more than 7.0% of its

Residue on ignition (Reagent test)—Ignite 500 mg with 1 mL of sulfuric acid: the residue weighs
not more than 75 mg (15.0%).
Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate forms.
Microbial content: NMT 104 cfu/g

2S (USP35)

Nitrogen content (Reagent test)—Determine by the Kjeldahl method, using a test specimen
previously dried at 105 to constant weight: not less than 8.5% is found.
BRIEFING
Peptic Digest of Animal Tissue, page 4779 of the First Supplement to USP34–NF29. It is
proposed to update the specifications of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C103683

Comment deadline: September 30, 2011
Change to read:
Peptic Digest of Animal Tissue (a bacteriological peptone)—Tan powder, having a
characteristic, but not putrescent, odor. Soluble in water; insoluble in alcohol and in ether. An
autoclaved solution (2 in 100) is clear and is neutral or nearly so in its reaction.
Degree of digestion—Dissolve 1 g in 10 mL of water, and use this solution for the following
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tests:
(a) Overlay 1 mL of the digest solution with 0.5 mL of a solution of 1 mL of glacial acetic acid in
10 mL of diluted alcohol: no ring or precipitate forms at the junction of the two liquids, and on
shaking, no turbidity results, indicating the absence of undigested protein.
(b) Mix 1 mL of the digest solution with 4 mL of saturated zinc sulfate: a small amount of
precipitate is formed, indicating the presence of proteoses. Filter, and retain the filtrate.
(c) To 1 mL of the filtrate from the preceding test add 1 drop of bromine TS: the light yellow
color changes to a red-brown, indicating the presence of tryptophane.
Nitrogen content, Loss on drying, Residue on ignition, and Nitrite—Proceed as directed under
Pancreatic Digest of Casein.
Nitrogen content—Determine by the Kjeldahl method, using a test specimen previously dried
at 105 to constant weight: between 9.0% and 14.0% of nitrogen is found.
Residue on ignition 281 —Ignite 500 mg with 1 mL of sulfuric acid: the residue weighs not
more than 75 mg (15%).
Loss on drying
weight.

731 —Dry it at 100 to constant weight: it loses not more than 7.0% of its

Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate forms.

2S (USP35)

Microbial content—Dissolve 1 g in 10 mL of water. Spread 0.01 mL on one square centimeter of
a glass slide. Stain by the Gram method, and examine with an oil-immersion lens: not more than
a total of 50 microorganisms, or clumps, are visible in 10 consecutive fields. NMT 104 cfu/g
2S (USP35)

Bacteriologic test—It meets the following tests for bacteria-nutrient properties. Prepare media
of the following compositions:
(a) 2% of digest and sufficient phenol red TS to give a perceptible color in water;
(b) 0.1% of digest in water;
(c) 0.1% of digest and 0.5% of dextrose in water;
(d) 1% of digest in water.
Adjust all media to a final pH of 7.2 to 7.4. Place 5 mL of (a) in Durham fermentation tubes, and
5 mL each of (b), (c), and (d) in ordinary test tubes. Autoclave the media at 121 for 15
minutes. After autoclaving, and after standing for 24 hours, all media are clear.
Presence of fermentable carbohydrate—Inoculate medium (a) with Escherichia coli and with
Streptococcus liquefaciens: acid is produced by E. coli but not by S. liquefaciens during
incubation for 24 hours.
Production of indole—Inoculate medium (b) with Escherichia coli and with Aerobacter
aerogenes, and incubate for 24 hours. Test by adding about 0.5 mL of pdimethylaminobenzaldehyde TS: the appearance of a pink or red color (soluble in chloroform)
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indicates the production of indole by E. coli. The A. aerogenes culture gives a negative test.
Production of acetylmethylcarbinol—Inoculate medium (c) with Escherichia coli and with
Aerobacter aerogenes, and incubate for 24 hours. Test by adding to the culture an equal
volume of sodium hydroxide solution (1 in 10), shaking well, and allowing to stand at room
temperature for several hours: the appearance of a pink color indicates the production of
acetylmethylcarbinol by A. aerogenes. The E. coli culture gives a negative test.
Production of hydrogen sulfide—Inoculate medium (d) with Salmonella typhosa. Hold a strip or
loop of lead acetate test paper between the cotton plug and the mouth of the test tube so
that it hangs about 5 cm above the medium. Then incubate for 24 hours: the lower part of the
lead acetate test paper shows an appreciable amount of brownish blackening (lead sulfide).
Bacteriological test (for growth promotion and freedom from fermentable carbohydrates)—
Medium: 2% of digest and sufficient phenol red TS to give a perceptible color in water; adjust
the pH to 7.2–7.4.

Place 10 mL of Medium in test tubes containing a Durham fermentation tube. Autoclave at 121
for 15 min. After autoclaving and standing for 24 h, the medium is clear.
In separate tubes for each organism, inoculate 10 mL of Medium with Escherichia coli ATCC
25922 and Enterococcus faecalis ATCC 12953. Incubate at 35 ± 2 for 48 h.
It meets the following criteria for bacteria-nutrient properties: Escherichia coli ATCC 25922 and
Enterococcus faecalis ATCC 12953 growth evident, no acid or only a trace in the inner tube,
and no gas produced after incubation at 48 h. 2S (USP35)
BRIEFING
Peptone, Dried, page 4780 of the First Supplement to USP34–NF29. It is proposed to
update the specifications of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C103681

Comment deadline: September 30, 2011
Change to read:
Peptone, Dried (Meat Peptone)—Reddish-yellow to brown powder, having a characteristic, but
not putrescent, odor. Soluble in water, forming a yellowish-brown solution having a slight acid
reaction; insoluble in alcohol and in ether.
Nitrogen content (Reagent test)—Determine by the Kjeldahl method, using a test specimen
previously dried at 105 to constant weight: between 14.2% and 15.5% of nitrogen is found,
corresponding to not less than 89% of protein. 12% and 18% of nitrogen is found. 2S (USP35)
Residue on ignition (Reagent test)—Ignite 500 mg with 1 mL of sulfuric acid: the residue weighs
not more than 25 mg (5.0%) NMT 75 mg (15.0%). 2S (USP35)
Loss on drying

731 —Dry it at 105 to constant weight: it loses NMT 7.0% of its weight.

Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate forms.
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Proteoses—Mix 5 mL of a filtered solution (1 in 10) with 20 mL of a filtered solution of zinc
sulfate (made by dissolving 50 g of the salt in 35 mL of water): not more than a slight,
flocculent precipitate is formed.
Microbial content: NMT 104 cfu/g

2S (USP35)

BRIEFING
Tetrabutylammonium Hydrogen Sulfate Ion Pairing Reagent, page 4796 of the First
Supplement to USP 34–NF 29. It is proposed to correct various specifications of this reagent.
(HDQ: M. Marques..)
Correspondence Number—RTS—C104042

Comment deadline: September 30, 2011
Change to read:
Tetrabutylammonium Hydrogen Sulfate Ion Pairing Reagent (Tetrabutylammonium
bisulfate),
C16 H37 NSO4 —339.53 [32503-27-8] 2S (USP35)
—A mixture of tetrabutylammonium hydrogen sulfate and phosphate buffer. 2S (USP35)
Use a suitable grade.
[Note—A suitable grade is available as catalog number WAT084189 from the Waters Corporation
(www.waters.com). ]
BRIEFING
Tetrabutylammonium Hydroxide, 40 Percent in Water. It is proposed to reinstate this
reagent.
(HDQ: M. Marques.)

Correspondence Number—C101908

Comment deadline: September 30, 2011
Add the following:
Tetrabutylammonium Hydroxide, 40 Percent in Water, [CH3 (CH2 )3 ]4 NOH—259.47
[2052-49-5]—Use a suitable grade. 2S (USP35)
BRIEFING
Yeast Extract, USP 34 page 960. It is proposed to update the specifications of this
reagent.
(HDQ: M. Marques..)
Correspondence Number—C103680

Comment deadline: September 30, 2011
Change to read:
Yeast Extract—A water-soluble, peptone-like derivative of yeast cells (Saccharomyces)
prepared under optimum conditions, clarified, and dried to a reddish-yellow to brown powder,
having a characteristic but not putrescent odor. Soluble in water, forming a yellow to brown
solution, having a slightly acid reaction. Contains no added carbohydrate. One g represents not
less than 7.5 g of yeast.

PF 37(4): Jul.-Aug. 2011

Loss on drying

171

731 —Dry it at 105 to constant weight: it loses not more than 5% 6%

2S (USP35)

of its weight.
Residue on ignition—Ignite 500 mg with 1 mL of sulfuric acid: the residue weighs not more than
75 mg (15%).
Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate is formed.
Chloride (Reagent test)—It shows not more than 5% of Cl, calculated as sodium chloride.
Nitrogen content (Reagent test)—Determine by the Kjeldahl method, using a test specimen
previously dried at 105 to constant weight: between 7.2% and 9.5% 13.0%
of N is found.

2S (USP35)

Microbial content—It meets the requirements of the test for Microbial content under Pancreatic
Digest of Casein. NMT 104 cfu/g 2S (USP35)
BRIEFING
Buffer Solutions, page 4806 of the First Supplement to USP34–NF29. It is proposed to add
information to Standard Buffer Solutions on how to treat sodium acetate trihydrate before using
it to prepare acetate buffer solutions.
(HDQ: M. Marques.)
Correspondence Number—C101840
Solutions
BUFFER SOLUTIONS
The successful completion of many Pharmacopeial tests and assays requires adjustment to or
maintenance of a specified pH by the addition of buffer solutions. In pH measurements,
standard buffer solutions are required for reference purposes. For convenience, the preparation
of these solutions is in some instances described in the sections in which their use is specified;
i.e., five separate phosphate buffers are described under Antibiotics—Microbial Assays 81 ,
and several miscellaneous single-purpose solutions are described in the individual monographs.
A solution is said to be buffered if it resists changes in the activity of an ion on the addition of
substances that are expected to change the activity of that ion. Buffers are substances or
combinations of substances that impart this resistance to a solution. Buffered solutions are
systems in which the ion is in equilibrium with substances capable of removing or releasing the
ion.
Buffer capacity refers to the amount of material that may be added to a solution without
causing a significant change in ion activity. It is defined as the ratio of acid or base added (in
gram-equivalents per liter) to the change in pH (in pH units). The capacity of a buffered
solution is adjusted to the conditions of use, usually by adjustment of the concentrations of
buffer substances.
Buffers are used to establish and maintain an ion activity within narrow limits. The most
common systems are used (a) to establish hydrogen-ion activity for the calibration of pH
meters, (b) in the preparation of dosage forms that approach isotonicity, (c) in analytical
procedures, and (d) to maintain stability of various dosage forms. Buffers used in physiological
systems are carefully chosen so as not to interfere with pharmacological activity of the
medicament or normal function of the organism. It is essential that buffers used in chemical
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analysis be compatible with the substance determined and the reagents used.
Change to read:
Standard Buffer Solutions—Standard solutions of definite pH are readily available in buffer
solutions prepared from the appropriate reagents. In addition, buffer solutions, buffer tablets,
and buffer solids may be obtained from commercial sources in convenient prepackaged form.
Such preparations are available for the entire working range in pharmaceutical analysis, but are
not recommended for pH meter standardization (see pH 791 ).
The required reagents are described in the section Reagents. Previously dry the crystalline
reagents, except the boric acid and sodium acetate trihydrate, 2S (USP35)
at 110 to 120 for 1 hour.
Note—Where water is specified for solution or dilution of test substances in pH determinations,
use carbon dioxide-free water.
Store the prepared solutions in chemically resistant, tight containers such as Type I glass
bottles. Use the solutions within 3 months.
Standard Buffer Solutions for various ranges between pH 1.2 and 10.0 may be prepared by
appropriate combinations of the solutions described herein, used in the proportions shown in
the accompanying table. The volumes shown in the table are for 200 mL of buffer solution,
except that the volumes shown for Acetate Buffer are used to prepare 1000 mL of buffer
solution.
1. Hydrochloric Acid, 0.2 M, and Sodium Hydroxide, 0.2 M—Prepare and standardize as
directed under Volumetric Solutions.
2. Potassium Biphthalate, 0.2 M—Dissolve 40.85 g of potassium biphthalate
[KHC6 H4 (COO)2 ] in water, and dilute with water to 1000 mL.
3. Potassium Phosphate, Monobasic 0.2 M—Dissolve 27.22 g of monobasic potassium
phosphate (KH2 PO4 ) in water, and dilute with water to 1000 mL.
4. Boric Acid and Potassium Chloride, 0.2 M—Dissolve 12.37 g of boric acid (H3 BO3 ) and
14.91 g of potassium chloride (KCl) in water, and dilute with water to 1000 mL.
5. Potassium Chloride, 0.2 M—Dissolve 14.91 g of potassium chloride (KCl) in water, and
dilute with water to 1000 mL.
6. Acetic Acid, 2 N—Prepare and standardize as directed under Volumetric Solutions.
Composition of Standard Buffer Solutions
Hydrochloric Acid Buffer
Place 50 mL of the potassium chloride solution in a 200-mL volumetric flask, add the specified
volume of the hydrochloric acid solution, then add water to volume.
pH
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1 2.2
0.2 M HCl, mL
85.0 67.2 53.2 41.4 32.4 26.0 20.4 16.2 13.0 10.2 7.8
Acid Phthalate Buffer
Place 50 mL of the potassium biphthalate solution in a 200-mL volumetric flask, add the
specified volume of the hydrochloric acid solution, then add water to volume.
pH
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6 3.8 4.0
0.2 M HCl, mL
49.5 42.2 35.4 28.9 22.3 15.7 10.4 6.3 2.9 0.1
Neutralized Phthalate Buffer
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Place 50 mL of the potassium biphthalate solution in a 200-mL volumetric flask, add the
specified volume of the sodium hydroxide solution, then add water to volume.
pH
4.2 4.4 4.6
4.8
5.0
5.2
5.4
5.6
5.8
0.2 M NaOH, mL
3.0 6.6 11.1
16.5
22.6
28.8
34.1
38.8
42.3
Phosphate Buffer
Place 50 mL of the monobasic potassium phosphate solution in a 200-mL volumetric flask, add
the specified volume of the sodium hydroxide solution, then add water to volume.
pH
5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0
0.2 M NaOH, mL
3.6 5.6 8.1 11.6 16.4 22.4 29.1 34.7 39.1 42.4 44.5 46.1
Alkaline Borate Buffer
Place 50 mL of the boric acid and potassium chloride solution in a 200-mL volumetric flask, add
the specified volume of the sodium hydroxide solution, then add water to volume.
pH
8.0 8.2 8.4 8.6
8.8
9.0
9.2
9.4
9.6
9.8
10.0
0.2 M NaOH, mL
3.9 6.0 8.6 11.8 15.8 20.8 26.4 32.1 36.9 40.6 43.7
Acetate Buffer
Place the specified amount of sodium acetate NaC2 H3 O2 · 3H2 O in a 1000-mL volumetric flask,
add the specified volume of the acetic acid solution, then add water to volume, and mix.
pH
4.1 4.3
4.5
4.7
4.9
5.1
5.2
5.3
5.4
5.5
pH (measured)
4.10 4.29 4.51 4.70 4.90 5.11 5.18 5.30 5.40 5.48
NaC2 H3 O2 · 3H2 O, g
1.5 1.99 2.99 3.59 4.34 5.08 5.23 5.61 5.76 5.98
2 N CH3 COOH, mL
19.5 17.7 14.0 11.8 9.1
6.3
5.8
4.4
3.8
3.0
VOLUMETRIC SOLUTIONS
BRIEFING
Hydrochloric Acid, Normal (1 N), USP 34 page 975 and page 4817 of the First
Supplement. It is proposed to include additional information for this volumetric solution
indicating how to treat tromethamine before standardization.
(HDQ: M. Marques.)
Correspondence Number—C103676

Comment deadline: September 30, 2011
Change to read:
Hydrochloric Acid, Normal (1 N)
HCl, 36.46
36.46 g in 1000 mL
Dilute 85 mL of hydrochloric acid with water to 1000 mL. Standardize the solution as follows.
Accurately weigh about 5.0 g of tromethamine, dried according to the label instructions or, if
this information is not available, dried at 105 for 3 h. 2S (USP35)
Dissolve in 50 mL of water, and add 2 drops of bromocresol green TS. Titrate with 1 N
hydrochloric acid to a pale yellow endpoint. Each 121.14 mg of tromethamine is equivalent to 1
mL of 1 N hydrochloric acid.
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VOLUMETRIC SOLUTIONS
BRIEFING
Hydrochloric Acid, Half-Normal (0.5 N), USP 34 page 975, page 4817 of the First
Supplement, and PF 37 (1) [Jan.–Feb. 2011]. It is proposed to include additional information for
this volumetric solution indicating how to treat tromethamine before standardization.
(HDQ: M. Marques.)
Correspondence Number—C103677

Comment deadline: September 30, 2011
Change to read:
Hydrochloric Acid, Half-Normal (0.5 N)
HCl, 36.46
18.23 g in 1000 mL
To a 1000-mL volumetric flask containing 40 mL of water slowly add 43 mL of hydrochloric acid.
Cool, and add water to volume. Standardize the solution as follows.
Accurately weigh about 2.5 g of tromethamine, dried according to the label instructions or, if
this information is not available, dried at 105 for 3 h.

2S (USP35)

Proceed as directed under Hydrochloric Acid, Normal (1 N), beginning with “Dissolve in 50 mL of
water.” Dissolve in 50 mL of water, and add 2 drops of bromocresol green TS. Titrate with 0.5
N hydrochloric acid to a pale yellow endpoint. Each 60.57 mg of tromethamine is equivalent to 1
mL of 0.5 N hydrochloric acid. USP35

VOLUMETRIC SOLUTIONS
BRIEFING
Hydrochloric Acid, Half-Normal (0.5 N) in Methanol, USP 34 page 975 and page 4818 of
the First Supplement. It is proposed to include additional information for this volumetric solution
indicating how to treat tromethamine before standardization.
(HDQ: M. Marques.)
Correspondence Number—C103678

Comment deadline: September 30, 2011
Change to read:
Hydrochloric Acid, Half-Normal (0.5 N) in Methanol
HCl, 36.46
18.23 g in 1000 mL
To a 1000-mL volumetric flask containing 40 mL of water slowly add 43 mL of hydrochloric acid.
Cool, and add methanol to volume. Standardize the solution as follows.

PF 37(4): Jul.-Aug. 2011

175

Accurately weigh about 2.5 g of tromethamine, dried according to the label instructions or, if
this information is not available, dried at 105 for 3 h. 2S (USP35)
Proceed as directed under Hydrochloric Acid, Normal (1 N), beginning with “Dissolve in 50 mL of
water.”

VOLUMETRIC SOLUTIONS
BRIEFING
Sulfuric Acid, Normal (1 N), page 4823 of the First Supplement to USP 34–NF 29. It is
proposed to modify the preparation of this volumetric solution.
(HDQ: M. Marques.)
Correspondence Number—C104071

Comment deadline: September 30, 2011
Change to read:
Sulfuric Acid, Normal (1 N)
H2 SO4 , 98.08
49.04 g in 1000 mL
Add slowly, with stirring, 30 mL 27 mL

2S (USP35)

of sulfuric acid to about 1020 mL of water, allow to cool to 25 , and determine the normality by
titration a sufficient quantity of water to make 1000 mL. Cool and standardize 2S (USP35)
against tromethamine as described under Hydrochloric Acid, Normal (1 N).
BRIEFING
L8, page 4824 of the First Supplement to USP 34–NF 29. It is proposed to increase the
particle size range for this packing.
(HDQ: M. Marques.)
Correspondence Number—C103685

Comment deadline: September 30, 2011
Change to read:
L8—An essentially monomolecular layer of aminopropylsilane chemically bonded to totally porous
silica gel support, 3 1.5 2S (USP35)
to 10 µm in diameter.
BRIEFING
L10, page 4824 of the First Supplement to USP34–NF 29. It is proposed to increase the
particle size range of this packing.
(HDQ: M. Marques.)
Correspondence Number—C103684

Comment deadline: September 30, 2011
Change to read:
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L10—Nitrile groups chemically bonded to porous silica particles, 3 1.5
–10 µm in diameter.

2S (USP35)

BRIEFING
L43, page 4825 of the First Supplement to USP 34–NF 29. It is proposed to increase the
particle size range of this phase.
(HDQ: M. Marques.)
Correspondence Number—C104072

Comment deadline: September 30, 2011
Change to read:
L43—Pentafluorophenyl groups chemically bonded to silica particles by a propyl spacer, 5 1.5
2S (USP35)

to 10 µm in diameter.
BRIEFING
L72, USP 34 page 983. It is proposed to correct the definition of this chromatographic
packing.
(HDQ: M. Marques.)
Correspondence Number—C101909

Comment deadline: September 30, 2011
Change to read:
L72—(R S 2S (USP35)
)-phenylglycine and 3,5-dinitroanaline urea linkage covalently bonded to silica. [Note—Available
as Sumichiral OA-3300 S, 2S (USP35)
distributed by www.phenomenex.com. ]
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 5260 of the Second Supplement
to USP 34, and PF 37(3) [May–June 2011].
(HDQ:.)
Correspondence Number—C84612; C95035
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
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Monograph Title
Add the following:
Abacavir Tablets
Acebutolol Hydrochloride Capsules
Acepromazine Maleate Tablets
Acetaminophen Capsules
Acetaminophen Tablets, Extended-Release
Acetaminophen Tablets
Acetaminophen and Aspirin Tablets
Acetaminophen, Aspirin, and Caffeine Tablets
Acetaminophen and Caffeine Tablets
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Capsules Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Tablets Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Capsules Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Tablets Containing at Least Three of the Following—
Acetaminophen, Chlorpheniramine Maleate, and Dextromethorphan
Hydrobromide Tablets
Acetaminophen and Codeine Phosphate Capsules
Acetaminophen and Codeine Phosphate Tablets
Acetaminophen and Diphenhydramine Citrate Tablets
Acetaminophen, Diphenhydramine Hydrochloride, and Pseudoephedrine
Hydrochloride Tablets
Acetaminophen and Pseudoephedrine Hydrochloride Tablets
Acetaminophen and Tramadol Hydrochloride Tablets
Acetazolamide Tablets
Acetohexamide Tablets
Acetohydroxamic Acid Tablets
Acitretin Capsules
Acyclovir Capsules
Acyclovir Tablets
Albendazole Tablets
Albuterol Tablets
Alendronate Sodium Tablets

177

Container
Specification
W 1S (USP34)
T
T, LR
T
T
T
T
T
T
T
T
T
T
T
T, LR
T, LR
T
T
T
T
T
W
T
W, LR
T
T
T
T, LR
T

Add the following:
Alfuzosin Hydrochloride Extended-Release Tablets
Allopurinol Tablets
Alprazolam Tablets

T, LR
W
T, LR

USP35

Add the following:
Alprazolam Tablets, Extended-Release

T, LR

1S (USP34)
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Altretamine Capsules
Alumina and Magnesia Tablets
Alumina, Magnesia, and Calcium Carbonate Tablets
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets
Alumina, Magnesia, and Simethicone Tablets
Alumina and Magnesium Carbonate Tablets
Alumina, Magnesium Carbonate, and Magnesium Oxide Tablets
Alumina and Magnesium Trisilicate Tablets
Aluminum Carbonate Gel, Dried Basic, Capsules
Aluminum Carbonate Gel, Dried Basic, Tablets
Aluminum Hydroxide Gel, Dried, Capsules
Aluminum Hydroxide Gel, Dried, Tablets
Amantadine Hydrochloride Capsules
Amiloride Hydrochloride Tablets
Amiloride Hydrochloride and Hydrochlorothiazide Tablets
Aminobenzoate Potassium Capsules
Aminobenzoate Potassium Tablets
Aminocaproic Acid Tablets
Aminoglutethimide Tablets
Aminopentamide Sulfate Tablets
Aminophylline Tablets
Aminophylline Tablets, Delayed-Release
Aminosalicylate Sodium Tablets
Aminosalicylic Acid Tablets
Amitriptyline Hydrochloride Tablets
Amlodipine Besylate Tablets
Ammonium Chloride Tablets, Delayed-Release
Amodiaquine Hydrochloride Tablets
Amoxapine Tablets
Amoxicillin Capsules
Amoxicillin Tablets
Amoxicillin and Clavulanate Potassium Tablets
Amphetamine Sulfate Tablets
Ampicillin Capsules
Ampicillin Tablets

T,
W
W
W
W
T
T
W
W
W
W
W
T
W
W
W
W
T
T,
W
T
T
T,
T,
W
T,
T
T
W
T
T
T
W
T
T

LR

Add the following:
Anagrelide Capsules
Anileridine Hydrochloride Tablets
Apomorphine Hydrochloride Tablets
Arginine Capsules
Arginine Tablets

T
T,
T,
T,
T,

USP35

LR

LR
LR
LR

LR
LR
LR
LR
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Add the following:
Artemether and Lumefantrine Tablets
Ascorbic Acid Tablets
Aspirin Capsules
Aspirin Capsules, Delayed-Release
Aspirin Tablets
Aspirin Tablets, Buffered
Aspirin Tablets, Delayed-Release
Aspirin Tablets, Effervescent for Oral Solution
Aspirin Tablets, Extended-Release
Aspirin, Alumina, and Magnesia Tablets
Aspirin, Alumina, and Magnesium Oxide Tablets
Aspirin, Caffeine, and Dihydrocodeine Bitartrate Capsules
Aspirin and Codeine Phosphate Tablets
Aspirin, Codeine Phosphate, Alumina, and Magnesia Tablets
Astemizole Tablets
Atenolol Tablets
Atenolol and Chlorthalidone Tablets
Atropine Sulfate Tablets
Azatadine Maleate Tablets
Azathioprine Tablets
Azithromycin Capsules
Azithromycin Tablets
Bacampicillin Hydrochloride Tablets
Baclofen Tablets

W, LR
T, LR
T
T
T
T
T
T
T
T
T
T
W, LR
W, LR
T
W
W
W
W
LR
W
T
T
W

Add the following:
Balsalazide Disodium Capsules
Barium Sulfate Tablets
Belladonna Extract Tablets
Benazepril Hydrochloride Tablets
Bendroflumethiazide Tablets
Benzonatate Capsules
Benztropine Mesylate Tablets
Beta Carotene Capsules
Betamethasone Tablets
Betaxolol Tablets
Bethanechol Chloride Tablets
Bicalutamide Tablets
Biperiden Hydrochloride Tablets
Bisacodyl Tablets
Bisacodyl Tablets, Delayed-Release
Bismuth Subsalicylate Tablets

T USP34
W
T, LR
W
T
T, LR
W
T, LR
T
T
T
T
T
T
W
T

USP35
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Bisoprolol Fumarate Tablets
Bisoprolol Fumarate and Hydrochlorothiazide Tablets
Black Cohosh Tablets
Bromocriptine Mesylate Capsules
Bromocriptine Mesylate Tablets
Brompheniramine Maleate Tablets
Bumetanide Tablets
Bupropion Hydrochloride Tablets, Extended-Release
Buspirone Hydrochloride Tablets
Busulfan Tablets
Butabarbital Sodium Tablets
Butalbital, Acetaminophen, and Caffeine Capsules
Butalbital, Acetaminophen, and Caffeine Tablets
Butalbital and Aspirin Tablets
Butalbital, Aspirin, and Caffeine Capsules
Butalbital, Aspirin, and Caffeine Tablets
Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules
Cabergoline Tablets
Calcifediol Capsules
Calcium with Vitamin D Tablets
Calcium Acetate Tablets
Calcium Carbonate Tablets
Calcium Carbonate and Magnesia Tablets
Calcium Carbonate and Magnesia Chewable Tablets
Calcium Citrate Tablets
Calcium and Magnesium Carbonates Tablets
Calcium Gluconate Tablets
Calcium Lactate Tablets
Calcium Pantothenate Tablets
Calcium Phosphate, Dibasic Tablets
Capecitabine Tablets
Captopril Tablets
Captopril and Hydrochlorothiazide Tablets
Carbamazepine Tablets
Carbamazepine Tablets, Extended-Release
Carbenicillin Indanyl Sodium Tablets
Carbidopa and Levodopa Tablets

T, LR
W
T, LR
T, LR
T, LR
T
T, LR
W
T, LR
W
W
T
T
T
T
T
T, LR
T, LR
T, LR
T, LR
W
W
W
W
W
W
W
T
T
W
T
T
T
T
T
T
W, LR

Add the following:
Carbidopa and Levodopa Tablets, Extended-Release
Carbinoxamine Maleate Tablets
Urea C14 Capsules
Carboxymethylcellulose Sodium Tablets
Carisoprodol Tablets

W, LR
T, LR
T
T
W

USP35
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Carisoprodol and Aspirin Tablets
Carisoprodol, Aspirin, and Codeine Phosphate Tablets
Carprofen Tablets
Carteolol Hydrochloride Tablets
Carvedilol Tablets
Cascara Tablets
Castor Oil Capsules
Cat's Claw Capsules
Cat's Claw Tablets
Cefaclor Capsules
Cefaclor Chewable Tablets
Cefaclor Tablets, Extended-Release
Cefadroxil Capsules
Cefadroxil Tablets
Cefdinir Capsules
Cefixime Tablets
Cefpodoxime Proxetil Tablets
Cefprozil Tablets
Cefuroxime Axetil Tablets
Cephalexin Capsules
Cephalexin Tablets
Cephradine Capsules
Cephradine Tablets

W
W
T
T
T,
T,
T
T,
T,
T
T
T,
T
T
T,
T
T
T
W
T
T
T
T

Add the following:
Cetirizine Hydrochloride Tablets

W

Add the following:
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Chloral Hydrate Capsules
Chlorambucil Tablets
Chloramphenicol Capsules
Chloramphenicol Tablets
Chlordiazepoxide Tablets
Chlordiazepoxide and Amitriptyline Hydrochloride Tablets
Chlordiazepoxide Hydrochloride Capsules
Chlordiazepoxide Hydrochloride and Clidinium Bromide Capsules
Chloroquine Phosphate Tablets
Chlorothiazide Tablets
Chlorpheniramine Maleate Capsules, ExtendedRelease
Chlorpheniramine Maleate Tablets

LR
W
LR
LR

LR

LR

USP35

W USP34
T
W, LR
T
T
T, LR
T, LR
T, LR
T, LR
W
W
T
T

PF 37(4): Jul.-Aug. 2011

Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Capsules,
ExtendedRelease
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Tablets,
ExtendedRelease
Chlorpheniramine Maleate and Pseudoephedrine Hydrochloride Capsules,
Extended-Release
Chlorpromazine Hydrochloride Tablets
Chlorpropamide Tablets
Chlortetracycline Hydrochloride Tablets
Chlorthalidone Tablets
Chlorzoxazone Tablets
Chlorzoxazone and Acetaminophen Capsules
Chondroitin Sulfate Sodium Tablets
Chromium Picolinate Tablets
Cimetidine Tablets
Cilostazol Tablets
Cinoxacin Capsules
Ciprofloxacin Tablets
Citalopram Tablets
Clarithromycin Tablets
Clarithromycin Tablets, Extended-Release
Clemastine Fumarate Tablets
Clindamycin Hydrochloride Capsules
Clofazimine Capsules
Clofibrate Capsules
Clomiphene Citrate Tablets
Clomipramine Hydrochloride Capsules
Clonazepam Tablets
Clonazepam Orally Disintegrating Tablets
Clonidine Hydrochloride Tablets
Clonidine Hydrochloride and Chlorthalidone Tablets
Clopidogrel Tablets
Clorazepate Dipotassium Tablets
Clotrimazole Vaginal Tablets
Red Clover Tablets
Cloxacillin Sodium Capsules
Clozapine Tablets
Cyanocobalamin Co 57 Capsules
Cyanocobalamin Co 58 Capsules
Cocaine Hydrochloride Tablets for Topical Solution
Codeine Phosphate Tablets
Codeine Sulfate Tablets

182

T, LR

T, LR
T, LR
W, LR
W
T, LR
W
T
T
T, LR
W
T, LR
T, LR
W
W
W
T
W
W
T
W
W, LR
W
W
T, LR
W, LR
W
W
W
T, LR
W
T, LR
T
W
W, LR
W, LR
W, LR
W, LR
W
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Colestipol Hydrochloride Tablets
Cortisone Acetate Tablets

T
W

Add the following:
Crypthecodinium cohnii Oil Capsules
Curcuminoids Capsules
Curcuminoids Tablets
Cromolyn Sodium for Inhalation (in Capsules)
Cyclizine Hydrochloride Tablets
Cyclobenzaprine Hydrochloride Tablets
Cyclophosphamide Tablets
Cycloserine Capsules
Cyclosporine Capsules
Cyproheptadine Hydrochloride Tablets
Danazol Capsules
Dantrolene Sodium Capsules
Dapsone Tablets
Dehydrocholic Acid Tablets
Demeclocycline Hydrochloride Capsules
Demeclocycline Hydrochloride Tablets
Desipramine Hydrochloride Tablets
Desogestrel and Ethinyl Estradiol Tablets
Dexamethasone Tablets
Dexchlorpheniramine Maleate Tablets
Dextroamphetamine Sulfate Capsules
Dextroamphetamine Sulfate Tablets
Diazepam Capsules
Diazepam Capsules, Extended-Release
Diazepam Tablets
Diazoxide Capsules
Dichlorphenamide Tablets
Diclofenac Potassium Tablets
Diclofenac Sodium Tablets, Delayed-Release
Diclofenac Sodium Tablets, Extended-Release
Dicloxacillin Sodium Capsules
Dicyclomine Hydrochloride Capsules
Dicyclomine Hydrochloride Tablets
Didanosine Tablets for Oral Suspension
Diethylcarbamazine Citrate Tablets
Diethylpropion Hydrochloride Tablets
Diethylstilbestrol Tablets
Diflunisal Tablets
Digitalis Capsules
Digitalis Tablets

T, LR
W, LR
W, LR
T, LR
T, LR
W
T
T
T
W
W
T
W, LR
W
T, LR
T, LR
T
W
W
T
T
W
T, LR
T, LR
T, LR
W
W
T, LR
T, LR
W
T
W
W
T
T
W
W
W
T
T

2S (USP34)

PF 37(4): Jul.-Aug. 2011

Digitoxin Tablets
Digoxin Tablets
Dihydrotachysterol Capsules
Dihydrotachysterol Tablets
Dihydroxyaluminum Sodium Carbonate Tablets
Diltiazem Hydrochloride Tablets
Diltiazem Hydrochloride Capsules, ExtendedRelease
Dimenhydrinate Tablets
Add the following:
Diphenhydramine Citrate and Ibuprofen Tablets
Diphenhydramine Hydrochloride Capsules
Diphenhydramine and Pseudoephedrine Capsules
Diphenoxylate Hydrochloride and Atropine Sulfate Tablets
Dipyridamole Tablets
Dirithromycin Tablets, Delayed-Release
Disopyramide Phosphate Capsules
Disopyramide Phosphate Capsules, ExtendedRelease
Disulfiram Tablets
Add the following:
Divalproex Sodium Capsules, Delayed-Release
Divalproex Sodium Tablets, Delayed-Release
Add the following:
Divalproex Sodium Tablets, Extended-Release
Docusate Calcium Capsules
Docusate Potassium Capsules
Docusate Sodium Capsules
Docusate Sodium Tablets
Dolasetron Mesylate Tablets
Add the following:
Donepezil Hydrochloride Tablets
Add the following:
Donepezil Hydrochloride Orally Disintegrating Tablets
Doxazosin Tablets
Doxepin Hydrochloride Capsules
Doxycycline Capsules
Doxycycline Hyclate Capsules
Doxycycline Hyclate Capsules, DelayedRelease
Doxycycline Hyclate Tablets
Doxycycline Hyclate Tablets, Delayed-Release
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W
T
W, LR
W, LR
W
T, LR
T
W
T 1S (USP35)
T
T
W, LR
T, LR
T
W
W
T, LR
T, LR 1S (USP34)
T, LR
W 1S (USP34)
T
T
T
W
W
W

1S (USP34)

W 1S (USP34)
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
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Doxylamine Succinate Tablets
Dronabinol Capsules

W, LR
W, LR

Add the following:
Drospirenone and Ethinyl Estradiol Tablets

W

Add the following:
Duloxetine Delayed-Release Capsules
Dydrogesterone Tablets
Dyphylline Tablets
Dyphylline and Guaifenesin Tablets

T
W
T
T

Add the following:
Efavirenz Capsules
Enalapril Maleate Tablets
Enalapril Maleate and Hydrochlorothiazide Tablets

W
W
W

Add the following:
Entacapone Tablets
Ephedrine Sulfate Capsules
Ergocalciferol Capsules
Ergocalciferol Tablets
Ergoloid Mesylates Capsules
Ergoloid Mesylates Tablets
Ergoloid Mesylates Tablets, Sublingual
Ergonovine Maleate Tablets
Ergotamine Tartrate Tablets
Ergotamine Tartrate Tablets, Sublingual
Ergotamine Tartrate and Caffeine Tablets
Erythromycin Capsules, Delayed-Release
Erythromycin Tablets
Erythromycin Tablets, Delayed-Release
Erythromycin Estolate Capsules
Erythromycin Estolate Tablets
Erythromycin Ethylsuccinate Tablets
Erythromycin Stearate Tablets

LR 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
W
W, LR
W, LR
W, LR
T
T
T
T
T
T
T

Add the following:
Escitalopram Tablets

W

Add the following:
Esomeprazole Magnesium Delayed-Release Capsules

T

Add the following:
Estazolam Tablets
Estradiol Tablets
Estradiol and Norethindrone Acetate Tablets
Estrogens, Conjugated Tablets

T, LR
T, LR
W
W

USP35

2S (USP35)

1S (USP34)

2S (USP34)

1S (USP35)

USP35

PF 37(4): Jul.-Aug. 2011

Estrogens, Esterified Tablets
Estropipate Tablets
Ethacrynic Acid Tablets
Ethambutol Hydrochloride Tablets
Ethchlorvynol Capsules
Ethinyl Estradiol Tablets
Ethionamide Tablets
Ethosuximide Capsules
Ethotoin Tablets
Ethynodiol Diacetate and Ethinyl Estradiol Tablets
Ethynodiol Diacetate and Mestranol Tablets
Etidronate Disodium Tablets
Etodolac Capsules
Etodolac Tablets
Etodolac Tablets, Extended-Release
Famotidine Tablets
Add the following:
Felbamate Tablets
Felodipine Tablets, Extended-Release
Fenofibrate Capsules
Fenoprofen Calcium Capsules
Fenoprofen Calcium Tablets
Ferrous Fumarate Tablets
Ferrous Fumarate and Docusate Sodium Tablets, Extended-Release
Ferrous Gluconate Capsules
Ferrous Gluconate Tablets
Ferrous Sulfate Tablets
Fexofenadine Hydrochloride Capsules
Fexofenadine Hydrochloride Tablets
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Finasteride Tablets
Fish Oil Containing Omega-3 Acids Capsules
Add the following:
Fish Oil Containing Omega-3 Acids Delayed-Release Capsules
Flavoxate Hydrochloride Tablets
Flecainide Acetate Tablets
Fluconazole Tablets
Flucytosine Capsules
Fludrocortisone Acetate Tablets
Fluoxetine Capsules
Fluoxetine Capsules, Delayed-Release
Fluoxetine Tablets

186

W
W
W
W
T, LR
W
W
T
T
W
W
T
T
T
W
W, LR
W 1S (USP35)
T
W
W
W
T
W
T
T
T
T, LR
W
W
T, LR
T, LR
T, LR
W, LR
W
W
T, LR
W
T, LR
T
T

USP35
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Fluoxymesterone Tablets
W
Fluphenazine Hydrochloride Tablets
T, LR
Flurazepam Hydrochloride Capsules
T, LR
Flurbiprofen Tablets
W
Flutamide Capsules
W, LR
Fluvastatin Capsules
T, LR
Fluvoxamine Maleate Tablets
T
Folic Acid Tablets
W
Fosinopril Sodium Tablets
T
Fosinopril Sodium and Hydrochlorothiazide Tablets
T
Furazolidone Tablets
T, LR
Furosemide Tablets
W, LR
Gabapentin Capsules
W
Gabapentin Tablets
W
Galantamine Tablets
W
Garlic Tablets, Delayed-Release
T
Gemfibrozil Capsules
T
Gemfibrozil Tablets
T
Ginger Capsules
W
Ginkgo Capsules
T, LR
Ginkgo Tablets
T, LR
American Ginseng Capsules
T, LR
American Ginseng Tablets
T, LR
Asian Ginseng Capsules
T, LR
Asian Ginseng Tablets
T, LR
Glimepiride Tablets
W
Glipizide Tablets
T
Glipizide and Metformin Hydrochloride Tablets
W
Glucosamine Tablets
T, LR
Glucosamine and Chondroitin Sulfate Tablets
T, LR
Glucosamine and Methylsulfonylmethane Tablets
T, LR
Glucosamine, Chondroitin Sulfate Sodium, and Methylsulfonylmethane Tablets T, LR
Glyburide Tablets
W
Glyburide and Metformin Hydrochloride Tablets
T, LR
Glycopyrrolate Tablets
T
Granisetron Hydrochloride Tablets
W, LR
Griseofulvin Capsules
T
Griseofulvin Tablets
T
Griseofulvin, Ultramicrosize Tablets
W
Guaifenesin Capsules
T
Guaifenesin Tablets
T
Guaifenesin and Pseudoephedrine Hydrochloride Capsules
T, LR

187
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Guaifenesin, Pseudoephedrine Hydrochloride, and Dextromethorphan
Hydrobromide Capsules
Guanabenz Acetate Tablets
Guanadrel Sulfate Tablets
Guanethidine Monosulfate Tablets
Guanfacine Tablets
Guggul Tablets
Halazone Tablets for Solution
Haloperidol Tablets
Hexylresorcinol Lozenges
Homatropine Methylbromide Tablets
Hydralazine Hydrochloride Tablets

T, LR
T, LR
T, LR
W
T, LR
W, LR
T, LR
T, LR
W
T, LR
T, LR

Add the following:
Hydrochlorothiazide Capsules
Hydrochlorothiazide Tablets
Hydrocodone Bitartrate Tablets
Hydrocodone Bitartrate and Acetaminophen Tablets
Hydrocodone Bitartrate and Homatropine Methylbromide Tablets
Hydrocortisone Tablets
Hydroflumethiazide Tablets
Hydromorphone Hydrochloride Tablets
Hydroxychloroquine Sulfate Tablets
Hydroxyurea Capsules
Hydroxyzine Hydrochloride Tablets
Hydroxyzine Pamoate Capsules
Hyoscyamine Tablets
Hyoscyamine Sulfate Tablets
Ibuprofen Tablets
Ibuprofen and Pseudoephedrine Hydrochloride Tablets
Imipramine Hydrochloride Tablets
Indapamide Tablets
Indomethacin Capsules
Indomethacin Capsules, Extended-Release
Sodium Iodide I 123 Capsules
Sodium Iodide I 131 Capsules
Iodoquinol Tablets
Iopanoic Acid Tablets
Ipodate Sodium Capsules
Irbesartan Tablets
Irbesartan and Hydrochlorothiazide Tablets
Isoniazid Tablets
Isopropamide Iodide Tablets
Isoproterenol Hydrochloride Tablets

W 1S (USP34)
W
T, LR
T, LR
T, LR
W
T
T, LR
T, LR
T
T
W
W, LR
T, LR
W
T
T
W
W
W
W
W
W
T, LR
T
W
W
W, LR
W
W, LR

PF 37(4): Jul.-Aug. 2011

Isosorbide Dinitrate Capsules, ExtendedRelease
Isosorbide Dinitrate Tablets
Isosorbide Dinitrate Tablets, Chewable
Isosorbide Dinitrate Tablets, Extended-Release
Isosorbide Dinitrate Tablets, Sublingual
Isosorbide Mononitrate Tablets
Isosorbide Mononitrate Tablets, ExtendedRelease
Isotretinoin Capsules
Isoxsuprine Hydrochloride Tablets
Isradipine Capsules
Ivermectin Tablets
Ivermectin and Pyrantel Pamoate Tablets
Kanamycin Sulfate Capsules
Ketoconazole Tablets

189

W
W
W
W
W
T
T
T
T
T
W
T, LR
T
W

Add the following:
Ketoprofen Capsules
Ketoprofen Capsules, Extended-Release
Ketorolac Tromethamine Tablets
Labetalol Hydrochloride Tablets
Lamivudine and Zidovudine Tablets

T USP35
T
W
T, LR
W, LR

Add the following:
Lamotrigine Tablets

W

Add the following:
Lamotrigine Tablets for Oral Suspension
Lansoprazole Capsules, Delayed-Release
Leflunomide Tablets
Letrozole Tablets
Leucovorin Calcium Tablets
Levamisole Hydrochloride Tablets

T, LR
T
T, LR
T
W, LR
W

Add the following:
Levetiracetam Tablets
Levocarnitine Tablets
Levodopa Capsules
Levodopa Tablets
Levonorgestrel and Ethinyl Estradiol Tablets
Levorphanol Tartrate Tablets
Levothyroxine Sodium Tablets
Lincomycin Hydrochloride Capsules
Alpha Lipoic Acid Capsules
Alpha Lipoic Acid Tablets

T USP34
T
T, LR
T, LR
W
W
T, LR
T
W
W

USP34

USP35

PF 37(4): Jul.-Aug. 2011

190

Liothyronine Sodium Tablets
Liotrix Tablets
Lisinopril Tablets
Lisinopril and Hydrochlorothiazide Tablets
Lithium Carbonate Capsules
Lithium Carbonate Tablets
Lithium Carbonate Tablets, Extended-Release
Loperamide Hydrochloride Capsules
Loracarbef Capsules
Loratadine Tablets

T
T
T
W
W
W
W
W
W
T

Add the following:
Loratadine and Pseudoephedrine Sulfate Tablets, Extended-Release

LR

Add the following:
Loratadine Orally Disintegrating Tablets
Lorazepam Tablets
Losartan Potassium Tablets
Losartan Potassium and Hydrochlorothiazide Tablets
Lovastatin Tablets
Loxapine Capsules
Lysine Hydrochloride Tablets
Magaldrate Tablets
Magaldrate and Simethicone Tablets
Magnesia Tablets
Magnesia and Alumina Tablets
Magnesium Gluconate Tablets
Magnesium Oxide Capsules
Magnesium Oxide Tablets
Magnesium Salicylate Tablets
Magnesium Trisilicate Tablets
Maprotiline Hydrochloride Tablets
Mazindol Tablets
Mebendazole Tablets
Mecamylamine Hydrochloride Tablets
Meclizine Hydrochloride Tablets
Meclofenamate Sodium Capsules
Medroxyprogesterone Acetate Tablets
Mefenamic Acid Capsules

T
T,
T,
T,
W
T
W
W
W
W
W
W
W
W
T
W
W
T
W
W
W
T,
W
T

Add the following:
Mefloquine Hydrochloride Tablets
Megestrol Acetate Tablets
Meloxicam Tablets
Melphalan Tablets

T, LR
W
W
W, LR

USP35

USP35

LR
LR
LR

LR

1S (USP34)

PF 37(4): Jul.-Aug. 2011

Menadiol Sodium Diphosphate Tablets
Meperidine Hydrochloride Tablets
Mephenytoin Tablets
Mephobarbital Tablets
Meprobamate Tablets
Mercaptopurine Tablets
Mesalamine Capsules, Extended-Release
Mesalamine Tablets, Delayed-Release
Mesoridazine Besylate Tablets
Metaproterenol Sulfate Tablets
Metformin Hydrochloride Tablets
Metformin Hydrochloride Tablets, Extended-Release
Methacycline Hydrochloride Capsules
Methadone Hydrochloride Tablets
Methamphetamine Hydrochloride Tablets
Methazolamide Tablets
Methdilazine Hydrochloride Tablets
Methenamine Tablets
Methenamine Hippurate Tablets
Methenamine Mandelate Tablets
Methenamine Mandelate Tablets, DelayedRelease
Methimazole Tablets
Methocarbamol Tablets
Methotrexate Tablets
Methoxsalen Capsules
Methscopolamine Bromide Tablets
Methsuximide Capsules
Methyclothiazide Tablets
Methylcellulose Tablets
Methyldopa Tablets
Methyldopa and Chlorothiazide Tablets
Methyldopa and Hydrochlorothiazide Tablets
Methylergonovine Maleate Tablets
Methylphenidate Hydrochloride Tablets
Methylphenidate Hydrochloride Tablets,
Extended-Release
Methylprednisolone Tablets
Methylsulfonylmethane Tablets
Methyltestosterone Capsules
Methyltestosterone Tablets
Methysergide Maleate Tablets
Metoclopramide Tablets

191

W, LR
W, LR
W
W
W
W
T, LR
T
W, LR
W, LR
T
W, LR
T, LR
W
T, LR
W
T, LR
W
W
W
W
W, LR
T
W
T, LR
T
T
W
W
W
W
W
T, LR
T
T
T
T, LR
W
W
T
T, LR
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Metolazone Tablets
Metoprolol Succinate Tablets, ExtendedRelease
Metoprolol Tartrate Tablets
Metoprolol Tartrate and Hydrochlorothiazide Tablets
Metronidazole Capsules
Metronidazole Tablets
Metyrapone Tablets
Metyrosine Capsules
Mexiletine Hydrochloride Capsules

192

T, LR
T
T, LR
T, LR
W, LR
W, LR
T, LR
W
T

Add the following:
Midodrine Hydrochloride Tablets
Minerals Capsules
Minerals Tablets
Minocycline Hydrochloride Capsules
Minocycline Hydrochloride Tablets
Minoxidil Tablets
Mirtazapine Tablets
Mirtazapine Orally Disintegrating Tablets
Mitotane Tablets
Modafinil Tablets
Molindone Hydrochloride Tablets
Moricizine Hydrochloride Tablets
Morphine Sulfate Capsules, Extended-Release

W 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T
T, LR
LR
T, LR
T
T, LR
T
T, LR

Add the following:
Morphine Sulfate Tablets, Extended-Release
Mycophenolate Mofetil Capsules
Mycophenolate Mofetil Tablets
Nabumetone Tablets
Nadolol Tablets
Nadolol and Bendroflumethiazide Tablets
Nafcillin Sodium Capsules
Nafcillin Sodium Tablets
Nalidixic Acid Tablets
Naltrexone Hydrochloride Tablets
Naproxen Tablets
Naproxen Tablets, Delayed-Release
Naproxen Sodium Tablets
Naratriptan Tablets
Nateglinide Tablets
Nefazodone Hydrochloride Tablets
Neomycin Sulfate Tablets
Neostigmine Bromide Tablets

T, LR
W, LR
W, LR
W
T
T
T
T, LR
T
T
W
W
W
T
T
T
T
T

USP35
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193

Nevirapine Tablets
Niacin Tablets

W
W

Add the following:
Niacin Extended-Release Tablets
Niacinamide Tablets
Nifedipine Capsules
Nifedipine Tablets, Extended-Release
Nitrofurantoin Capsules
Nitrofurantoin Tablets
Nitroglycerin Tablets
Nitroglycerin Tablets, Sublingual
Norethindrone Tablets
Norethindrone and Ethinyl Estradiol Tablets
Norethindrone and Mestranol Tablets
Norethindrone Acetate Tablets
Norethindrone Acetate and Ethinyl Estradiol Tablets
Norfloxacin Tablets
Norgestimate and Ethinyl Estradiol Tablets
Norgestrel Tablets
Norgestrel and Ethinyl Estradiol Tablets
Nortriptyline Hydrochloride Capsules
Nystatin Tablets
Nystatin Vaginal Tablets
Ofloxacin Tablets
Olanzapine Tablets
Oleovitamin A and D Capsules

T 2S (USP35)
T
T, LR
T, LR
T
T, LR
T
T
W
W
W
W
W
W
W
W
W
T
T, LR
W, LR
W
T, LR
T, LR

Add the following:
Olanzapine and Fluoxetine Capsules

T

Add the following:
Omega-3 Acids Ethyl Esters Capsules
Omeprazole Capsules, Delayed-Release
Ondansetron Tablets
Ondansetron Orally Disintegrating Tablets
Orbifloxacin Tablets

T 1S (USP35)
T, LR
T, LR
L, R
T

Add the following:
Orlistat Capsules
Orphenadrine Citrate Tablets, Extended-Release
Oseltamivir Phosphate Capsules
Oxacillin Sodium Capsules
Oxandrolone Tablets
Oxaprozin Tablets
Oxazepam Capsules

T USP35
T, LR
W
T
T, LR
T, LR
W

1S (USP34)
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Oxazepam Tablets
Add the following:
Oxcarbazepine Tablets
Oxprenolol Hydrochloride Tablets
Oxprenolol Hydrochloride Tablets, ExtendedRelease
Oxtriphylline Tablets
Oxtriphylline Tablets, Delayed-Release
Oxtriphylline Tablets, Extended-Release
Oxybutynin Chloride Tablets
Oxybutynin Chloride Tablets, ExtendedRelease
Oxycodone Hydrochloride Tablets
Oxycodone Hydrochloride Tablets, ExtendedRelease
Oxycodone and Acetaminophen Capsules
Oxycodone and Acetaminophen Tablets
Oxycodone and Aspirin Tablets
Oxymetholone Tablets
Oxytetracycline Tablets
Oxytetracycline and Nystatin Capsules
Oxytetracycline Hydrochloride Capsules
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Vaginal Tablets
Pancreatin Tablets
Pancrelipase Capsules
Pancrelipase Capsules, Delayed-Release
Pancrelipase Tablets
Pantoprazole Sodium Delayed-Release Tablets
Papain Tablets for Topical Solution
Papaverine Hydrochloride Tablets
Delete the following:
Paramethasone Acetate Tablets
Paromomycin Sulfate Capsules
Paroxetine Tablets
Penbutolol Sulfate Tablets
Penicillamine Capsules
Penicillamine Tablets
Penicillin G Benzathine Tablets
Penicillin G Potassium Tablets
Penicillin V Tablets
Penicillin V Potassium Tablets
Pentazocine and Acetaminophen Tablets
Pentazocine and Aspirin Tablets

194

W
W USP35
W, LR
W, LR
T
T
T
T, LR
T
T, LR
T,
T,
T,
T,
W
T,
T,
T,
W
T
T
T
T
W
T,
T

LR
LR
LR
LR
LR
LR
LR

LR

W USP34
T
T
W, LR
T
T
T
T
T
T
T, LR
T, LR
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195

Pentazocine and Naloxone Tablets

T, LR

Delete the following:
Pentobarbital Sodium Capsules
Pentoxifylline Tablets, Extended-Release
Perphenazine Tablets
Perphenazine and Amitriptyline Hydrochloride Tablets
Phenazopyridine Hydrochloride Tablets
Phendimetrazine Tartrate Capsules
Phendimetrazine Tartrate Tablets
Phenelzine Sulfate Tablets
Phenmetrazine Hydrochloride Tablets
Phenobarbital Tablets
Phenoxybenzamine Hydrochloride Capsules
Phensuximide Capsules
Phentermine Hydrochloride Capsules
Phentermine Hydrochloride Tablets
Phenylbutazone Tablets
Phenylpropanolamine Hydrochloride Capsules
Phenylpropanolamine Hydrochloride Capsules, Extended-Release
Phenylpropanolamine Hydrochloride Tablets
Phenylpropanolamine Hydrochloride Tablets, Extended-Release
Phenytoin Tablets
Phenytoin Sodium Capsules, Extended
Phenytoin Sodium Capsules, Prompt
Phytonadione Tablets
Pilocarpine Hydrochloride Tablets
Pimozide Tablets
Pindolol Tablets

T 1S (USP34)
W
T, LR
W
T
T
W
T
T
W
W
T
T
T
T
T, LR
T, LR
T, LR
T, LR
W
T
T
W, LR
T
T, LR
W, LR

Add the following:
Pioglitazone Tablets
Piperazine Citrate Tablets
Piroxicam Capsules
Potassium Bicarbonate Effervescent Tablets for Oral Solution
Potassium Bicarbonate and Potassium Chloride Effervescent Tablets for Oral
Solution
Potassium and Sodium Bicarbonates and Citric Acid Effervescent Tablets for
Oral Solution
Potassium Chloride Capsules, Extended-Release
Potassium Chloride Tablets, Extended-Release
Potassium Chloride, Potassium Bicarbonate, and Potassium Citrate
Effervescent Tablets for Oral Solution
Potassium Citrate Tablets
Potassium Citrate Tablets, Extended-Release

T USP34
T
T, LR
T
T
T
T
T
T
W
T
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Potassium Gluconate Tablets
Potassium Iodide Tablets
Potassium Iodide Tablets, Delayed-Release
Potassium Perchlorate Capsules
Pravastatin Sodium Tablets
Praziquantel Tablets
Prazosin Hydrochloride Capsules
Prednisolone Tablets
Prednisone Tablets
Primaquine Phosphate Tablets
Primidone Tablets
Probenecid and Colchicine Tablets
Probucol Tablets
Procainamide Hydrochloride Capsules
Procainamide Hydrochloride Tablets
Procarbazine Hydrochloride Capsules
Prochlorperazine Maleate Tablets
Procyclidine Hydrochloride Tablets
Promazine Hydrochloride Tablets
Promethazine Hydrochloride Tablets
Propantheline Bromide Tablets
Propoxyphene Hydrochloride Capsules
Propoxyphene Hydrochloride and Acetaminophen Tablets
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules
Propoxyphene Napsylate Tablets
Propoxyphene Napsylate and Acetaminophen Tablets
Propoxyphene Napsylate and Aspirin Tablets
Propranolol Hydrochloride Capsules, Extended-Release
Propranolol Hydrochloride Tablets
Propranolol Hydrochloride and Hydrochlorothiazide Capsules, ExtendedRelease
Propranolol Hydrochloride and Hydrochlorothiazide Tablets
Propylthiouracil Tablets
Protriptyline Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets, Extended-Release
Pygeum Capsules
Pyrazinamide Tablets
Pyridostigmine Bromide Tablets
Pyridoxine Hydrochloride Tablets
Pyrilamine Maleate Tablets
Pyrimethamine Tablets
Pyrvinium Pamoate Tablets

196

T
T
T
T, LR
T
T
W, LR
W
W
W, LR
W
W, LR
W, LR
T
T
T, LR
W
T
T, LR
T, LR
W
T
T
T
T
T
T
W
W, LR
W
W
W
T
T
T
T
W
T
W
W
T, LR
T, LR
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Quazepam Tablets
Quinapril Tablets
Quinidine Gluconate Tablets, Extended-Release
Quinidine Sulfate Capsules
Quinidine Sulfate Tablets
Quinidine Sulfate Tablets, Extended-Release
Quinine Sulfate Capsules
Quinine Sulfate Tablets
Raloxifene Hydrochloride Tablets
Ramipril Capsules
Ranitidine Tablets
Rauwolfia Serpentina Tablets
Reserpine Tablets
Reserpine and Chlorothiazide Tablets
Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets
Reserpine and Hydrochlorothiazide Tablets
Add the following:
Ribavirin Capsules

197

W
W
W, LR
T, LR
W, LR
W, LR
T
W
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR

Ribavirin Tablets
Riboflavin Tablets
Rifabutin Capsules
Rifampin Capsules
Rifampin and Isoniazid Capsules
Rifampin, Isoniazid, and Pyrazinamide Tablets
Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride Tablets
Riluzole Tablets
Rimantadine Hydrochloride Tablets
Risedronate Sodium Tablets

W USP35
T
T, LR
W
T, LR
T, LR
T, LR
T, LR
W, LR
T, LR
W

Add the following:
Risperidone Orally Disintegrating Tablets
Risperidone Tablets
Ritodrine Hydrochloride Tablets

W, LR
T, LR
T

Add the following:
Rivastigmine Tartrate Capsules

T

Add the following:
Ropinirole Tablets
Saccharin Sodium Tablets
Salsalate Capsules
Salsalate Tablets
Saquinavir Capsules
Saw Palmetto Capsules

W 1S (USP34)
W
T
T
T
T, LR

USP35

USP34
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Add the following:
Schizochytrium Oil Capsules
Scopolamine Hydrobromide Tablets
Secobarbital Sodium Capsules
Secobarbital Sodium and Amobarbital Sodium Capsules
Selegiline Hydrochloride Tablets
Sennosides Tablets

T, LR
T, LR
T
W
T, LR
W

Add the following:
Sertraline Tablets
Simethicone Capsules
Simethicone Tablets
Simvastatin Tablets
Sodium Bicarbonate Tablets
Sodium Chloride Tablets
Sodium Chloride Tablets for Solution
Sodium Chloride and Dextrose Tablets
Sodium Fluoride Tablets
Sodium Salicylate Tablets
Sotalol Hydrochloride Tablets
Soy Isoflavones Capsules
Soy Isoflavones Tablets
Spironolactone Tablets
Spironolactone and Hydrochlorothiazide Tablets
Stanozolol Tablets
Stavudine Capsules
Sulfadiazine Tablets
Sulfadimethoxine Tablets
Sulfadoxine and Pyrimethamine Tablets
Sulfamethizole Tablets
Sulfamethoxazole Tablets
Sulfamethoxazole and Trimethoprim Tablets
Sulfapyridine Tablets
Sulfasalazine Tablets
Sulfasalazine Tablets, Delayed-Release
Sulfinpyrazone Capsules
Sulfinpyrazone Tablets
Sulfisoxazole Tablets
Sulindac Tablets
Sumatriptan Tablets

W USP34
W
W
T
W
W
W
W
T
W
W, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T
W, LR
T, LR
W, LR
W
W, LR
W, LR
W, LR
W
W
W
W
W, LR
W
W

Add the following:
Tacrolimus Capsules
Tamoxifen Citrate Tablets

T USP35
W, LR

2S (USP34)
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Tamsulosin Hydrochloride Capsules
Telmisartan Tablets

T
W

Add the following:
Telmisartan and Hydrochlorothiazide Tablets
Temazepam Capsules

W 1S (USP34)
W, LR

Add the following:
Terazosin Capsules

W,
LR 1S (USP34)

Add the following:
Terazosin Tablets

W,
LR 1S (USP34)

Add the following:
Terbinafine Tablets
Terbutaline Sulfate Tablets
Testolactone Tablets
Tetracycline Hydrochloride Capsules
Tetracycline Hydrochloride Tablets
Tetracycline Hydrochloride and Novobiocin Sodium Tablets
Tetracycline Hydrochloride, Novobiocin Sodium, and Prednisolone Tablets
Tetracycline Hydrochloride and Nystatin Capsules
Thalidomide Capsules
Theophylline Capsules
Theophylline Capsules, Extended-Release
Theophylline Tablets
Theophylline, Ephedrine Hydrochloride, and Phenobarbital Tablets
Theophylline and Guaifenesin Capsules
Theophylline Sodium Glycinate Tablets
Thiabendazole Tablets
Thiamine Hydrochloride Tablets
Thiethylperazine Maleate Tablets
Thioguanine Tablets
Thioridazine Hydrochloride Tablets
Thiothixene Capsules
Thyroid Tablets
Ticlopidine Hydrochloride Tablets
Timolol Maleate Tablets
Timolol Maleate and Hydrochlorothiazide Tablets
Tizanidine Tablets
Tocainide Hydrochloride Tablets
Tolazamide Tablets
Tolazoline Hydrochloride Tablets
Tolbutamide Tablets
Tolcapone Tablets
Tolmetin Sodium Capsules

W, LR
T
T
T, LR
T, LR
T
T
T, LR
W
W
W
W
T
T
W
T
T, LR
T, LR
T
T, LR
W, LR
T
W
W
W, LR
T
W
T
W
W
T
T

USP34
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Tolmetin Sodium Tablets

W

Add the following:
Topiramate Capsules
Topiramate Tablets

T
T

2S (USP34)

Add the following:
Tramadol Hydrochloride Extended-Release Tablets
Tramadol Hydrochloride Tablets

T
T

USP35

Add the following:
Trandolapril Tablets
Tranylcypromine Tablets
Trazodone Hydrochloride Tablets
Triamcinolone Tablets
Triamterene Capsules
Triamterene and Hydrochlorothiazide Capsules
Triamterene and Hydrochlorothiazide Tablets
Triazolam Tablets
Trichlormethiazide Tablets
Trientine Hydrochloride Capsules
Trifluoperazine Hydrochloride Tablets
Triflupromazine Hydrochloride Tablets
Trihexyphenidyl Hydrochloride Capsules,
Extended-Release
Trihexyphenidyl Hydrochloride Tablets
Trimeprazine Tartrate Tablets
Trimethobenzamide Hydrochloride Capsules
Trimethoprim Tablets
Trioxsalen Tablets
Tripelennamine Hydrochloride Tablets
Triple Sulfa Vaginal Tablets
Triprolidine Hydrochloride Tablets
Triprolidine and Pseudoephedrine Hydrochlorides Tablets
Trisulfapyrimidines Tablets
Troleandomycin Capsules
Ubidecarenone Capsules
Ubidecarenone Tablets
Ursodiol Capsules
Ursodiol Tablets
Add the following:
Valacyclovir Tablets
Valerian Tablets
Valganciclovir Tablets
Valproic Acid Capsules

T 2S (USP34)
W
T, LR
W
T, LR
T, LR
T, LR
T, LR
T
T
W, LR
W, LR
T
T
W, LR
W
T, LR
W, LR
W
W, LR
T, LR
T, LR
W
T
T, LR
T, LR
W
W
T 2S (USP34)
T, LR
T
T
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Add the following:
Valsartan Tablets
Valsartan and Hydrochlorothiazide Tablets
Vancomycin Hydrochloride Capsules

T
T
T

Add the following:
Venlafaxine Tablets

W

Add the following:
Verapamil Hydrochloride Capsules, Extended-Release
Verapamil Hydrochloride Tablets
Verapamil Hydrochloride Tablets, Extended-Release
Vitamin A Capsules

T,
T,
T,
T,

LR
LR
LR
LR

1S (USP35)

Add the following:
Vitamin A Tablets
Vitamin E Capsules
Oil-Soluble Vitamins Capsules
Oil-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins Capsules
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins with Minerals Tablets
Warfarin Sodium Tablets
Zalcitabine Tablets

T,
T
T,
T,
T,
T,
T,
T,
T,
T,
T,
T,
T,
T,

LR

2S (USP34)

Add the following:
Zaleplon Capsules
Zidovudine Capsules
Zidovudine Tablets
Zinc Citrate Tablets
Zinc Gluconate Tablets
Zinc Sulfate Tablets
Zolpidem Tartrate Tablets
Zolpidem Tartrate Tablets, Extended-Release

LR 2S (USP34)
T, LR
T, LR
W
T, LR
W
W
W

Add the following:
Zonisamide Capsules

T, LR

1S (USP35)

USP34

LR
LR
LR
LR
LR
LR
LR
LR
LR
LR
LR
LR

1S (USP34)

BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 34 page 994, page 5270
of the First Supplement, page 266 of PF 26(1) [Jan–Feb. 2003], page 188 of PF 35(1) [Jan.–
Feb. 2009], page 1343 of PF 35(5) [July–Aug. 2009], page 1571 of PF 35(6) [Nov.–Dec. 2009],
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page 271 of PF 36(1) [Jan.–Feb. 2010], page 578 of PF 36(2) [Mar.–Apr. 2010], page 1039 of
PF 36(4) [July–Aug. 2010], page 1396 of PF 36(5) [Sept.–Oct. 2010], page 1782 of PF 36(6)
[Nov.–Dec. 2010], and PF 37(1) [Jan.–Feb. 2011], PF 37(2) [Mar.–Apr. 2011], and PF 37(3)
[May–Jun. 2011].
(HDQ:.)
Correspondence Number—C64274; C95157; C92600; C95155; C87447; C101965; C89674
Change to read:
Atracurium Besylate: White to off-white solid. White to yellowish-white powder, slightly
hygroscopic. Very soluble in acetonitrile, in ethanol, and in methylene chloride; soluble in water.
2S (USP35)

Add the following:
Duloxetine Hydrochloride: White or almost white powder. Slightly soluble in water.
2S (USP35)

Add the following:
Esmolol Hydrochloride: White to off-white crystalline powder. Very soluble in water; freely
soluble in alcohol. 2S (USP35)
Add the following:
Polyoxyl Stearate: White or slightly yellowish waxy mass. Soluble in alcohol and in isopropyl
alcohol. Polyoxyl stearate corresponding to a product with 6–8 units of ethylene oxide per
molecule is soluble in fatty oils and in waxes; practically insoluble in water. Polyoxyl stearate
corresponding to a product with 20–100 units of ethylene oxide per molecule is soluble in
water; practically insoluble in fatty oils and in waxes. NF category: Emulsifying and/or
solubilizing agent; wetting and/or solubilizing agent. 2S (NF30)
Change to read:
Sertraline Hydrochloride: White or off-white crystalline powder. Freely Sparingly
soluble in absolute alcohol; slightly soluble in water, in acetone, and in isopropanol.

2S (USP35)

Add the following:
Pregelatinized Hydroxypropyl Corn Starch: White or slightly yellowish powder. It swells in
water and produces a clear or translucent, viscous, colloidal mixture. NF category: Suspending
and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; tablet
disintegrant. 2S (NF30)
Add the following:
Pregelatinized Hydroxypropyl Pea Starch: White or slightly yellowish powder. It swells in
water and produces a clear or translucent, viscous, colloidal mixture. NF category: Suspending
and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; tablet
disintegrant. 2S (NF30)
Add the following:
Pregelatinized Hydroxypropyl Potato Starch: White or slightly yellowish powder. It swells
in water and produces a clear or translucent, viscous, colloidal mixture. NF category:
Suspending and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent;
tablet disintegrant. 2S (NF30)
Add the following:
Voriconazole: White to almost white powder. Freely soluble in acetone and in methylene
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2S (USP35)

BRIEFING
Melatonin. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is being proposed. The liquid chromatographic procedures in the Assay and the
test for Related Compounds are based on analyses performed with the Kromasil KR 100-5
brand of L1 column. Typical retention times observed for melatonin related compound A and
melatonin are 2.9 min and 7.0 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C94095

Comment deadline: September 30, 2011
Add the following:
Melatonin

C13 H16 N2 O2

232.28

N-Acetyl-5-methoxytryptamine;
N-(2-(5'-Methoxy-1H-indol-3'yl)ethyl) acetamide

[73-31-4].

DEFINITION
Melatonin contains NLT 98.5% and NMT 101.5% of melatonin (C13 H16 N2 O2 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Analytical wavelength: 277 nm
Sample solution: 10 µg/mL of Melatonin in isopropyl alcohol
Acceptance criteria: Meets the requirements. Absorptivities, calculated on the dried basis,
do not differ by more than 3.0%.
• C. HPLC Identification Test
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution.
ASSAY
• Procedure
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Buffer: 0.5 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5, and filter.
Mobile phase: Acetonitrile and Buffer (25:75)
System suitability solution: 0.1 mg/mL of USP Melatonin RS and 0.02 mg/mL USP
Melatonin Related Compound A RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Melatonin RS in Mobile phase
Sample solution: 0.1 mg/mL of Melatonin in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution [Note—The relative retention
times for melatonin related compound A and melatonin are 0.4 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 4 between melatonin and melatonin related compound A, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of melatonin in the portion of Melatonin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Melatonin RS in the Standard solution (mg/mL)
C=
U concentration of Melatonin in the Sample solution (mg/mL)
Acceptance criteria: 98.5–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride 221
Standard: 0.10 mL of 0.020 N hydrochloric acid
Sample: 0.36 g of Melatonin
Acceptance criteria: NMT 0.02%
• Heavy Metals 231 : NMT 20 µg/g
• Related Compounds
Solution A: Acetonitrile
Solution B: Use Buffer, prepared as directed in the Assay.
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
25
75
7
25
75
15
80
20
18
25
75
25
25
75
Diluent: Mixture of Solution A and Solution B (25:75)
System suitability solution: 0.1 mg/mL of USP Melatonin RS and 0.02 mg/mL of USP
Melatonin Related Compound A RS in Diluent
Standard solution: 5 µg/mL of USP Melatonin RS in Diluent
Sample solution: 1 mg/mL of Melatonin in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for melatonin related compound A and melatonin are
0.4 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between melatonin and melatonin related compound A
Relative standard deviation: NMT 2.0% for the melatonin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Melatonin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of melatonin from the Standard solution
C=
S concentration of USP Melatonin RS in the Standard solution (mg/mL)
C=
U concentration of Melatonin in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 1.0%
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 80 in a vacuum for 3 h.
Acceptance criteria: NMT 1.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light.
• USP Reference Standards 11
USP Melatonin RS
USP Melatonin Related Compound A RS
2-(5-Methoxy-1H-indol-3-yl)ethanamine.
C11 H14 N2 O
190.24
2S (USP35)

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, page 5355 of the Second
Supplement to USP 34, and page 1625 of PF 36(6) [Nov.–Dec. 2010]. It is proposed to add
Pregelatinized Hydroxypropyl Corn Starch, Pregelatinized Hydroxypropyl Pea Starch, and
Pregelatinized Hydroxypropyl Potato Starch to the Suspending and/or Viscosity-Increasing
Agent, Tablet Binder, Tablet and/or Capsule Diluent, and Tablet Disintegrant categories, and to
add Polyoxyl Stearate to the Emulsifying and/or Solubilizing Agent and Wetting and/or
Solubilizing Agent categories to complement the proposed new monographs for Pregelatinized
Hydroxypropyl Corn Starch, Pregelatinized Hydroxypropyl Pea Starch, Pregelatinized
Hydroxypropyl Potato Starch, and Polyoxyl Stearate, which appear elsewhere in this issue of
PF.
(EM1; EM2:.)

Correspondence Number—C95155; C95157

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Emulsifying and/or Solubilizing Agent
Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol
Stannous Chloride
Coconut Oil
Desoxycholic Acid
Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates
Gamma Cyclodextrin
Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate
Alpha-Lactalbumin NF29
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Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
Palm Oil
Poloxamer
Polyglyceryl 3 Diisostearate
Polyglyceryl Dioleate

2S (NF29)

NF30

Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Polyoxyl Stearate 2S (NF30)
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Propylene Glycol Monostearate
Superglycerinated Fully Hydrogenated Rapeseed Oil
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
Sucrose Stearate
Trolamine
Wax, Emulsifying
Change to read:
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Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium
Carmellose
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose Sodium
Chitosan 2S (NF29)
Corn Syrup
Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Alpha-Lactalbumin
Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
Hydrogenated Polydextrose
Polyethylene Oxide
Polyvinyl Alcohol

208
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Povidone
Propylene Glycol Alginate
Pregelatinized Hydroxypropyl Corn Starch
Pregelatinized Hydroxypropyl Pea Starch

2S (NF30)
2S (NF30)

Pregelatinized Hydroxypropyl Potato Starch
Pullulan
Hydrophobic Colloidal Silica
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
Hydroxypropyl Corn Starch
Starch, Pea
Hydroxypropyl Pea Starch

2S (NF30)

2S (NF29)

2S (NF29)

Starch, Potato
Hydroxypropyl Potato Starch

2S (NF29)

Starch, Tapioca
Starch, Wheat
Sucrose Palmitate
Tragacanth
Xanthan Gum
Change to read:
Tablet Binder
Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Hydrogenated Coconut Oil
Copovidone
Corn Syrup
Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
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Ethylcellulose
Ethylene Glycol and Vinyl Alcohol Graft Copolymer
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Alpha-Lactalbumin
Maltodextrin
Maltose
Methylcellulose
Hydrogenated Palm Oil
Hydrogenated Polydextrose
Polyethylene Oxide
Polyvinyl Acetate
Pregelatinized Hydroxypropyl Corn Starch 2S (NF30)
Pregelatinized Hydroxypropyl Pea Starch

2S (NF30)

Pregelatinized Hydroxypropyl Potato Starch
Povidone
Pullulan
Starch, Corn
Hydrogenated Starch Hydrolysate
Hydroxypropyl Corn Starch
Starch, Pea
Hydroxypropyl Pea Starch

2S (NF29)

2S (NF29)

Starch, Potato
Hydroxypropyl Potato Starch
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup
Trehalose
Change to read:
Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic

NF30

2S (NF29)

2S (NF30)
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Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Cellulose, Powdered
Corn Syrup
Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin
Alpha-Lactalbumin
Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol
Pregelatinized Hydroxypropyl Corn Starch
Pregelatinized Hydroxypropyl Pea Starch

2S (NF30)
2S (NF30)

Pregelatinized Hydroxypropyl Potato Starch
Propylene Glycol Monocaprylate
Pullulan
Sorbitol
Starch
Starch, Corn
Hydroxypropyl Corn Starch 2S (NF29)
Hydrogenated Starch Hydrolysate
Starch, Pea
Hydroxypropyl Pea Starch

NF30

2S (NF29)

Hydroxypropyl Potato Starch
Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner's

2S (NF29)

2S (NF30)
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Trehalose
Change to read:
Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium
Pregelatinized Hydroxypropyl Corn Starch
Pregelatinized Hydroxypropyl Pea Starch

2S (NF30)
2S (NF30)

Pregelatinized Hydroxypropyl Potato Starch
Pullulan
Sodium Starch Glycolate
Starch
Starch, Corn
Hydroxypropyl Corn Starch
Starch, Pea
Hydroxypropyl Pea Starch

2S (NF29)

2S (NF29)

Starch, Potato
Hydroxypropyl Potato Starch

2S (NF29)

Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Trehalose
Change to read:
Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Betadex Sulfobutyl Ether Sodium
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer

NF30

2S (NF30)

PF 37(4): Jul.-Aug. 2011

213

Polyoxyl 10 Oleyl Ether
Polyoxyl 15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Stearate 2S (NF30)
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
BRIEFING
Copovidone, NF 29 page 1495. In response to a request from FDA to modernize the
Copovidone monograph for the Heavy Metals and Limit of Monomers tests, the following
tests are added.
1.
The Limit of Monomers test using a titration method is deleted and replaced with an
HPLC method to detect the impurities 2-pyrrolidone, vinyl acetate, and 1vinylpyrrolidone, which elute in that order. This method was proposed in the Stage 4
Harmonization draft published in PF 32(6). One correction was made from the Stage 4
proposal; namely that the column is a C18 and not a C8 described in the proposal for
PF 32(6). The analysis can be performed with a 4.6-mm × 25-cm Waters Symmetry
Shield RP18 analytical column and with 4.0-mm × 30-mm Nucleosil 120-5-C18 and
4.6-mm × 30-mm Zorbax Ace C-18 guard columns.
2.
A Heavy Metals test is added based on the procedure and limit in the current EP
monograph.
(EXC: K. Moore.)
Correspondence Number—C104120

Comment deadline: September 30, 2011
Copovidone
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(C6 H9 NO)n + (C4 H6 O2 )m
Acetic acid ethenyl ester polymer with 1-ethenyl-2-pyrrolidone;
1-Vinyl-2-pyrrolidone polymer with vinyl acetate
[25086-89-9].
DEFINITION
Copovidone is a copolymer of 1-vinyl-2-pyrrolidone and vinyl acetate in the mass proportion of
3:2. The nominal K-value of Copovidone as stated in the labeling is NLT 90.0% and NMT
110.0%.
IDENTIFICATION
• A. Infrared Absorption 197K
• B.
Sample solution: 20 mg/mL
Analysis: To 5 mL of the Sample solution, add a few drops of iodine TS.
Acceptance criteria: A deep red color is produced.
ASSAY
• Procedure 1: Content of Copolymerized Vinyl Acetate
Analysis: Determine the saponification value as directed under Fats and Fixed Oils 401 ,
Saponification Value.
Calculate the percentage of copolymerized vinyl acetate in the portion of Copovidone
taken:
Result = 0.1 × (Mr1/Mr2) × S
Mr1
= molecular weight of vinyl acetate, 86.09
Mr2
= molecular weight of potassium hydroxide, 56.11
S = saponification value
Acceptance criteria: 35.3%–41.4% of the copolymerized vinyl acetate component,
calculated on the dried basis
• Procedure 2: Nitrogen Determination, Method II 461
Analysis: Proceed as directed using 0.1 g of Copovidone. In the procedure, use 5 g of a
powdered mixture of potassium sulfate, cupric sulfate, and titanium dioxide (33:1:1)
instead of potassium sulfate and cupric sulfate (10:1); omit the use of hydrogen peroxide;
and heat until the solution has a clear, yellow-green color and the sides of the flask are
free from carbonaceous material. Then heat for a further 45 min; add 20 mL of water,
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instead of 70 mL, after the second heating; and use bromocresol green–methyl red TS
instead of methyl red–methylene blue TS. Titrate the distillate with 0.05 N sulfuric acid VS
until the color of the solution changes from green through pale grayish blue to pale grayish
red-purple.
Acceptance criteria: 7.0%–8.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Add the following:
• Heavy Metals 231
Sample solution: 100-mg/mL solution of Copovidone in water. [Note—Add Copovidone to
water in small portions with constant stirring. ]
Dilute standard lead solution: Standard Lead Solution in water (1 in 5)
Standard solution: Sample solution and Dilute standard lead solution (1:5)
Blank solution: Sample solution and water (1:5)
Analysis: To 12 mL each of the Sample solution, Standard solution, and Blank solution, add
2 mL of pH 3.5 Acetate Buffer. Mix and add to 1.2 mL of thioacetamide–glycerin base TS.
Mix immediately. Examine the solutions after 2 min. [Note—If the result is difficult to
judge, filter the solutions through a suitable membrane filter of nominal 0.45-µm pore size.
Carry out the filtration slowly and uniformly, applying moderate and constant pressure to
the piston. Compare the spots on the filters obtained with the different solutions ]
System suitability: The reference solution shows a slight brown color compared to the
Blank solution.
Acceptance criteria: Any brown color in the Sample solution is not more intense than that
in the Standard solution (NMT 20 ppm). 2S (NF30)
• Limit of Aldehydes
Solution A: 17.4 mg/mL of monobasic potassium phosphate, adjusted if necessary, with 1
N potassium hydroxide to a pH of 9.0
Solution B: Transfer a quantity of lyophilized aldehyde dehydrogenase equivalent to 70
units to a glass vial, and dissolve in 10.0 mL of water. [Note—This solution is stable for 8
h at 4 . ]
Solution C: 40 mg of nicotinamide adenine dinucleotide in 10 mL of Solution A, in a glass
vial. [Note—This solution is stable for 4 weeks at 4 . ]
Blank solution: Water
Standard solution: Transfer 2 mL of water at 4 to a glass weighing bottle, and weigh.
Add 100 mg of freshly distilled acetaldehyde, and weigh. Transfer this solution to a 100mL volumetric flask. Rinse the weighing bottle with several portions of water at 4 , and
transfer each rinsing to the 100-mL volumetric flask. Dilute the solution in the 100-mL
volumetric flask with water at 4 to volume. Store at 4 for 20 h. Transfer 1 mL of this
solution to a 100-mL volumetric flask, and dilute with Solution A to volume.
Sample solution: 10 mg/mL of Copovidone in Solution A, in a 100-mL volumetric flask.
Insert a stopper into the flask, heat at 60 for 1 h, and cool to room temperature.
Analysis: Pipet 0.5 mL each of the Standard solution, Sample solution, and Blank solution
into separate 1-cm cells. Add 2.5 mL of Solution A and 0.2 mL of Solution C to each cell.
Cover the cells to exclude oxygen. Mix by inversion, and allow to stand for 2–3 min at 22
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± 2 . Determine the absorbances of the solutions at a wavelength of 340 nm. Add 0.05 mL
of Solution B to each cell. Cover the cells to exclude oxygen. Mix by inversion, and allow
to stand for 5 min at 22 ± 2 . Determine the absorbances of the solutions at a
wavelength of 340 nm.
Calculate the percentage of aldehydes, expressed as acetaldehyde, in the portion of
Copovidone taken:
Result = {[(AU2

AU1)

(AB2

AB1)]/[(AS2

AS1)

(AB2

AB1)]} × (C/W) × 10

AU2
= absorbance of the solution from the Sample solution, after the addition of Solution B
AU1
= absorbance of the solution from the Sample solution, before the addition of Solution B
AB2= absorbance of the solution from the Blank solution, after the addition of Solution B
AB1= absorbance of the solution from the Blank solution, before the addition of Solution B
AS2= absorbance of the solution from the Standard solution, after the addition of Solution B
AS1= absorbance of the solution from the Standard solution, before the addition of Solution B
C = concentration of acetaldehyde in the Standard solution (mg/mL)
W= weight, calculated on the dried basis, of Copovidone taken to prepare the Sample
solution (g)
Acceptance criteria: NMT 0.05%
• Limit of Hydrazine
Standard solution: 9 µg/mL of salicylaldazine and 10 mg/mL of salicylaldehyde in toluene
Sample solution: Transfer the equivalent of 2.5 g of dried Copovidone to a 50-mL
centrifuge tube, add 25 mL of water, and mix to dissolve. Add 500 µL of a 50-mg/mL
solution of salicylaldehyde in methanol, adjust the solution with 0.25 N sulfuric acid to a
pH of about 2, swirl, and heat in a water bath at 60 for 15 min. Allow to cool, add 2.0 mL
of toluene, insert a stopper in the tube, shake vigorously for 2 min, and centrifuge. Use
the clear upper toluene layer.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of dimethylsilanized chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetonitrile and water (17:3)
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Allow the spots to dry, and develop the chromatogram
in the Developing solvent system until the solvent front has moved about three-fourths of
the length of the plate. Locate the spots on the plate by examination under UV light at a
wavelength of 365 nm: salicylaldazine appears as a fluorescent spot having an RF value of
about 0.6–0.7, and the fluorescence of any salicylaldazine spot from the Sample solution
is not more intense than that produced by the spot from the Standard solution.
Acceptance criteria: NMT 1 ppm
• Limit of Peroxides
Copovidone solution: 40 mg/mL of Copovidone in water calculated on the dried basis
Sample solution: Transfer 25.0 mL of Copovidone solution to a 50-mL beaker, and add 2
mL of titanium trichloride–sulfuric acid TS. Allow to stand for 30 min at room temperature.
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Blank solution: Transfer 25.0 mL of Copovidone solution to a 50-mL beaker, and add 2 mL
of 13% sulfuric acid.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 405 nm
Cell: 1 cm
Blank: Blank solution
Analysis: Determine the absorbance of the Sample solution.
Acceptance criteria: The absorbance is NMT 0.35 (corresponding to NMT 0.04%,
expressed as hydrogen peroxide.)
Delete the following:
• Procedure 4: Limit of Monomers
Sample solution: Dissolve the equivalent of 5.0 g of dried Copovidone in 20 mL of
methanol, and slowly add 20.0 mL of iodobromide TS. Allow to stand for 30 min, protected
from light, with repeated shaking. Add 5 mL of 100 mg/mL of potassium iodide solution.
Analysis: Titrate the liberated iodine with 0.1 N sodium thiosulfate VS until the solution is
yellow. Continue the titration dropwise until the solution is colorless, adding 3 mL of starch
TS as the endpoint is approached. Perform a blank determination (see Titrimetry 541 ,
Residual Titrations).
Acceptance criteria: The difference between the volumes of 0.1 N sodium thiosulfate
consumed in the blank and the specimen titrations is NMT 0.9 mL, corresponding to NMT
0.1% of monomers calculated as vinylpyrrolidone. 2S (NF30)
Add the following:
• Limit of Monomers (1-Vinyl-2-Pyrrolidone, Vinyl Acetate, and 2-Pyrrolidone)
Solution A: Water, acetonitrile, and methanol (90:5:5)
Solution B: Water, acetonitrile, and methanol (50:45:5)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
100
0
26
80
20
27
0
100
36
0
100
38
100
0
Standard stock solution: 0.50 mg/mL of 1-vinyl-2-pyrrolidone, 0.50 mg/mL of vinyl
acetate, and 3.0 mg/mL of 2-pyrrolidone in methanol
Standard solution: Standard stock solution in Solution A (1 in 2000)
Sample solution: Dissolve 250 mg of Copovidone in 1 mL of methanol, mix ultrasonically,
dilute with water to 10 mL. If necessary, filter to remove undissolved particles.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 205 nm and 235 nm
Column
Guard: 4.0-mm × 2.5-cm; packing L1
Analytical: 4.0-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Injection size: 10 µL
Flow rate: 1.0 mL/min
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between the 2-pyrrolidone and vinyl acetate peaks, and NLT 2.0
between the vinyl acetate and 1-vinyl-2-pyrrolidone peaks. [Note—According to the
above operating conditions, the order of elution is 2-pyrrolidone, vinyl acetate, and 1vinyl-2-pyrrolidone. ]
Relative standard deviation: NMT 2.0% for each analyte, on replicate injections
Analysis
Samples: Standard solution and Sample solution
[Note—After each injection of the Sample solution wash the polymeric material of
Copovidone from the guard column by passing the Mobile phase through the column
backwards for 30 min at the same flow rate.]
Calculate the content of 1-vinyl-2-pyrrolidone in the portion of Copovidone taken:
Result = (ATA/ASA) × (CSA/CT) × 100
ATA= 1-vinyl-2-pyrrolidone peak response from the Sample solution
ASA= 1-vinyl-2-pyrrolidone peak response from the Standard solution
CSA
= concentration of 1-vinyl-2-pyrrolidone in the Standard solution (mg/mL)
CT= concentration of Copovidone in the Sample solution on the dried basis (mg/mL)
Calculate the content of vinyl acetate in the portion of Copovidone taken:
Result = (ATB/ASB) × (CSB/CT) × 100
ATB= vinyl acetate peak response from the Sample solution
ASB= vinyl acetate peak response from the Standard solution
CSB
= concentration of vinyl acetate in the Standard solution (mg/mL)
CT= concentration of Copovidone in the Sample solution on the dried basis (mg/mL)
Calculate the content of 2-pyrrolidinone in the portion of Copovidone taken:
Result = (ATC/ASC) × (CSC/CT) × 100
ATC= 2-pyrrolidone peak response from the Sample solution
ASC= 2-pyrrolidone peak response from the Standard solution
CSC
= concentration of 2-pyrrolidone in the Standard solution (mg/mL)
C=
T concentration of Copovidone in the Sample solution on the dried basis (mg/mL)
Acceptance criteria: NMT 0.001% of 1-vinyl-2-pyrrolidone, NMT 0.001% of vinyl acetate,
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and NMT 0.5% of 2-pyrrolidone

2S (NF30)

SPECIFIC TESTS
• Loss on Drying 731 : Dry a sample at 105 for 3 h: it loses NMT 5.0% of its weight.
• Clarity and Color of Solution
Sample: 1.0 g
Analysis: Dissolve the Sample in 10 mL of water.
Acceptance criteria: The solution is clear or slightly opalescent and colorless to pale
yellow or pale red.
• K-Value
Sample solution: Transfer a quantity of undried Copovidone, equivalent to 1.0 g on the
dried basis, to a 100-mL volumetric flask, and dissolve in and dilute with water to volume.
Allow to stand for 1 h.
Analysis: Determine the viscosity, using a capillary-tube viscosimeter (see Viscosity

911

), of this solution at 25 ± 0.2 .
Calculate the relative K-value of Copovidone:

c= weight on the dried basis, of the specimen tested in each 100.0 mL of solution (g)
z= viscosity of the Sample solution relative to that of water
K=U nominal K-value stated on the label
Acceptance criteria: 90.0%–110.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. No storage requirements specified.
• Labeling: Label it to indicate its nominal K-value.
• USP Reference Standards
USP Copovidone RS

11
BRIEFING

Polyoxyl Stearate. Because there is no existing NF monograph for this excipient, a new
monograph is being proposed.
(EXC: H. Wang.)
Correspondence Number—C95155

Comment deadline: September 30, 2011
Add the following:
Polyoxyl Stearate
R-CO-(OCH2 CH2 )n-OH
R-CO-(OCH2 CH2 )n-OOC-R
R = CH3 (CH2 )16 or CH3 (CH2 )14
n = 6–100
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Polyethylene glycol stearate;
Polyethylene glycol monostearate;
Poly(oxy-1,2-ethanediyl),

-hydro- -hydroxyoctadecanoate

[9004-99-3].

DEFINITION
Polyoxyl Stearate is a mixture of monoesters and diesters of mainly stearic (octadecanoic) acid
and/or palmitic (hexadecanoic) acid and polyethylene glycols. The fatty acids may be of
vegetable, animal, or synthetic origin. Polyoxyl Stearate Type I or Type II differs in its content
of stearic acid. It may contain free polyethylene glycols. The average polymer length is
equivalent to 6–100 ethylene oxide units per molecule (nominal value).
IDENTIFICATION
• A. Infrared Absorption 197A
Sample: Use an undried specimen.
• B. It meets the requirements of the test for Content of Stearic Acid and Palmitic Acid.
ASSAY
• Content of Stearic Acid and Palmitic Acid
Polyoxyl Stearate exhibits the composition profiles of fatty acids shown in Table 1 below,
as determined in Fats and Fixed Oils

401 , Fatty Acid Composition.

Table 1
Content of Stearic Acid
and Palmitic Acid
Stearic Acid: 40.0%–60.0%;
Polyoxyl Stearate Type I Sum of Palmitic and Stearic acids: NLT 90.0%
Stearic Acid: 90.0%–99.0%;
Polyoxyl Stearate Type II Sum of Palmitic and Stearic acids: NLT 96.0%
• Content of Free Polyethylene Glycols
[Note—This test is for Polyoxyl 40 Stearate only.]
Sample: 6 g of Polyoxyl 40 Stearate
Analysis: Transfer the Sample to a 500-mL separator containing 50 mL of ethyl acetate.
Dissolve completely, then add 50 mL of sodium chloride solution (29 in 100), shake
vigorously for 2 min, and allow to separate for 15 min. If separation is incomplete,
carefully insert the separator into the well of a steam bath for short time intervals. Repeat
this technique as many times as necessary to ensure the complete separation of the two
phases. Cool, and drain the lower, aqueous phase into a second 500-mL separator.
Extract the upper layer with a second 50-mL portion of sodium chloride solution (29 in
100). Repeat the separation as before, including the steam bath technique, to facilitate
complete separation.
To the combined aqueous layers add 50 mL of ethyl acetate, shake vigorously for 2 min,
and allow to separate as before. Drain the lower, aqueous phase into a third 500-mL
separator, and extract it with two 50-mL portions of chloroform, shaking for 2 min each
time. Repeat the steam bath technique to ensure complete separation.
Evaporate the combined chloroform extracts in a 150-mL beaker on a steam bath, with
the aid of a stream of nitrogen, to apparent dryness.
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Redissolve in about 15 mL of chloroform, and filter, collecting the filtrate in a weighed
150-mL beaker. Record the weight of the empty 150-mL beaker, W1, in g. Rinse the funnel
with several small portions of chloroform, and evaporate the combined filtrate and rinsings,
as described above, to remove chloroform or ethyl acetate.
Dry in vacuum at 60 for 1 h. Cool in a desiccator, and weigh. Record the weight, W2, in
g.
Calculate the percentage of free polyethylene glycols in Polyoxyl 40 Stearate taken:
Result = [(W2

W1)/W] × 100

W
= weight of Polyoxyl 40 Stearate (g)
Acceptance criteria: 17%–27% of free polyethylene glycols for Polyoxyl 40 Stearate only
IMPURITIES
• Heavy Metals, Method II 231 : NMT 10 ppm
• Articles of Botanical Origin, Total Ash 561 : NMT 0.3%, determined on 1.0 g
• Limit of Ethylene Oxide and Dioxane
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: 1 ppm
Dioxane: 380 ppm

228 , Method II.

SPECIFIC TESTS
• Alkalinity
Phenol red solution: Dissolve 100 mg of phenolsulfonphthalein in a mixture of 2.82 mL of
0.1 M sodium hydroxide and 20 mL of alcohol, and dilute with water to 100 mL.
Sample solution: 2.0 g of Polyoxyl Stearate
Analysis: Dissolve the Sample in alcohol and dilute with alcohol to 20 mL. To 2 mL of this
solution add 0.05 mL of Phenol red solution.
Acceptance criteria: The solution does not turn red.
• Fats and Fixed Oils, Acid Value

401 : NMT 6.0

• Fats and Fixed Oils, Hydroxyl Value
• Fats and Fixed Oils, Iodine Value

401 : Within the ranges specified in Table 2

401 : NMT 3.0

• Fats and Fixed Oils, Peroxide Value

401 : NMT 10.0

• Fats and Fixed Oils, Saponification Value
• Melting Range Or Temperature
Sample: 10 g

401 : Within the ranges specified in Table 2

741

Analysis: Melt the Sample at 80 –90 . Introduce a sufficient amount of the Sample into
the tube by capillary action to form a column of the prescribed height in the tube. Allow
to stand at 0 for 2 h.
Acceptance criteria: Within the ranges specified in Table 2
Table 2
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Ethylene
Melting
Hydroxyl Saponification
Oxide Units/
Range or
Value
Value
Molecule
Temperature
(Nominal Value)
( )
6
8
32

26–37
26–35
46–50
Measure
Congealing
Temperature
56–62
48–60

40
75
100
• Congealing Temperature

80–110
80–105
20–40

90–115
88–100
30–45

25–40
15–35
15–30

25–35
8–25
5–20

651 : 37 –47 for Polyoxyl 40 Stearate only

• Water Determination, Method I 921 : NMT 3.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from light and moisture.
• Labeling: Label it to indicate the number of ethylene oxide units/molecule (nominal value),
and the type of Polyoxyl Stearate. Label it to indicate whether the fatty acids are derived
from vegetable, animal, or synthetic sources.
• USP Reference Standards 11
USP Polyoxyl 6 Stearate RS
USP Polyoxyl 8 Stearate RS
USP Polyoxyl 32 Stearate RS
USP Polyoxyl 40 Stearate RS
USP Polyoxyl 75 Stearate RS
USP Polyoxyl 100 Stearate RS
2S (NF30)

BRIEFING
Polysorbate 20, NF 29 page 1633. See the Briefing under Polysorbate 40 and Polysorbate 60.
As part of the USP monograph modernization effort, it is proposed to make the following
changes:
1.
Update the chemical name.
2.
Use an IR test and the test for Composition of Fatty Acids to replace the current
Identification tests. Correspondingly, USP Polysorbate 20 RS is introduced into the
monograph.
3.
Add a test for Limit of Ethylene Oxide and Dioxane under Impurities.
4.
In the test for Acid Value, change the Acceptance criteria from 2.2 to 2.0, and clarify
the calculation.
5.
Add a test for Peroxide Value.
6.
Update the Packaging and Storage section.
7.
For Polysorbate 20 intended for use in injectable dosage forms, the Labeling should
indicate the specific grade of the material to be used. In the test for Peroxide Value,
a different Acceptance criteria is provided for that specific grade. A test for
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Bacterial Endotoxins is also added for that specific grade. In addition, the label
indicates the source of the fatty acids.
(EXC: H. Wang.)
Correspondence Number—C86139

Comment deadline: September 30, 2011
Polysorbate 20
Change to read:

The ratio of the OH group to the (C11 H23 COO) group is mainly 3:1.

2S (NF30)

Sorbitan, monododecanoate, poly(oxy-1,2-ethanediyl) derivs.;
Polyethylene glycol 20 sorbitan ether monolaurate;
Polyoxyethylene 20 sorbitan monododecanoate;

Polyoxyethylene 20 sorbitan monolaurate

2S (NF30)

[9005-64-5].

DEFINITION
Change to read:
Polysorbate 20 is a laurate ester of sorbitol and its anhydrides, copolymerized with
approximately 20 moles of ethylene oxide for each mole of sorbitol and sorbitol anhydrides.
The fatty acids may be of vegetable, animal, or synthetic origin. 2S (NF30)

IDENTIFICATION
Change to read:
• A.
Sample solution: 1 in 20, in water
Analysis: To 5 mL of the Sample solution add 5 mL of sodium hydroxide TS. Boil for a few
min, cool, and acidify with 3 N hydrochloric acid.
Acceptance criteria: The solution is strongly opalescent.
Infrared Absorption
2S (NF30)

197F
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Change to read:
• B.
Sample solution: 1 in 20, in water
Analysis: To 2 mL of the Sample solution add 0.5 mL of bromine TS, dropwise.
Acceptance criteria: The bromine is not decolorized (distinction from polysorbate 80).
It meets the requirements in the Assay for Composition of Fatty Acids.
2S (NF30)

ASSAY
Add the following:
• Composition of Fatty Acids
Polysorbate 20 exhibits the composition profiles of fatty acids shown in Table 1, as
determined in Fats and Fixed Oils

401 , Fatty Acid Composition.
Table 1

Percentage
Carbon-Chain LengthNumber of Double Bonds
(%)
0
6
1.0
8

0

10.0

10

0

10.0

12
14
16
18

0
0
0
0

18

1

11.0

18

2

3.0

40.0–60.0
14.0–25.0
7.0–15.0
7.0

2S (NF30)

IMPURITIES
• Residue on Ignition 281 : NMT 0.25%
• Heavy Metals, Method II 231 : NMT 10 ppm
Add the following:
• Limit of Ethylene Oxide and Dioxane
Analysis: Proceed as directed for Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm
2S (NF30)

SPECIFIC TESTS
Add the following:

228 , Method II.
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• Bacterial Endotoxins Test 85
For Polysorbate 20 intended for use in the manufacture of injectable dosage forms:
The level of bacterial endotoxins is such that the requirement in the relevant dosage form
monograph(s) in which Polysorbate 20 is used can be met. Where the label states that
Polysorbate 20 must be subjected to further processing during the preparation of
injectable dosage forms, the level of bacterial endotoxins is such that the requirement in
the relevant dosage form monograph(s) in which Polysorbate 20 is used can be met.
2S (NF30)

Change to read:
• Acid Value
Fats and Fixed Oils, Acid Value

401

2S (NF30)

Sample: 10.0 g
Analysis: Transfer the Sample to a wide-mouth, 250-mL conical flask, and add 50 mL of
neutralized alcohol. Heat on a steam bath nearly to boiling, occasionally shaking
thoroughly while heating. Invert a beaker over the mouth of the flask, cool under running
water, and add 5 drops of phenolphthalein TS. Titrate with 0.1 N sodium hydroxide VS.
Calculate the acid value as directed in the chapter. 2S (NF30)
Acceptance criteria: NMT 4 mL of 0.100 N sodium hydroxide is required, corresponding to
an acid value of 2.2.
NMT 2.0 2S (NF30)
• Fats and Fixed Oils, Hydroxyl Value

401 : 96–108

Add the following:
• Fats and Fixed Oils, Peroxide Value 401
Sample: 10.0 g
Analysis: Transfer the Sample to a 100-mL beaker, and add 20 mL of glacial acetic acid to
the beaker. Add 1 mL of saturated potassium iodide solution, mix, and allow to stand for 1
min. [Note—Make sure the solution remains saturated as indicated by the presence of
undissolved crystals. ]Add 50 mL of carbon dioxide-free water and a magnetic stirring bar.
Titrate with 0.01 M sodium thiosulfate VS, determining the endpoint potentiometrically
(see Titrimetry 541 ). Perform a blank titration.
Calculate the peroxide value as directed in the chapter.
Acceptance criteria: NMT 10.0
For Polysorbate 20 intended for use in the manufacture of injectable dosage forms:
NMT 5.0
2S (NF30)

• Fats and Fixed Oils, Saponification Value
• Water Determination, Method I

401 : 40–50

921 : NMT 3.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, .
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protected from light and moisture. Store at room temperature.

2S (NF30)

Add the following:
• Labeling: Label it to indicate whether the fatty acids are derived from animal, vegetable,
or synthetic sources. Where Polysorbate 20 is intended for use in the manufacture of
injectable dosage forms, it is so labeled. 2S (NF30)
Add the following:
• USP Reference Standards
USP Polysorbate 20 RS

11

2S (NF30)

BRIEFING
Polysorbate 40, NF 29 page 1634. See the Briefing under Polysorbate 20 and Polysorbate 60.
As part of the USP monograph modernization effort, it is proposed to make the following
changes:
1.
Update the chemical name and add a chemical structure.
2.
Use the Infrared Absorption test and test for Composition of Fatty Acids to replace the
current Identification tests. Correspondingly, USP Polysorbate 40 RS is introduced
into the monograph.
3.
Add a test for Limit of Ethylene Oxide and Dioxane under Impurities.
4.
Change the Acid Value Acceptance criteria from 2.2 to 2.0, and clarify the calculation.
5.
Add a test for Peroxide Value.
6.
Update the Packaging and Storage section.
7.
For Polysorbate 40 intended for use in injectable dosage forms, the Labeling should
indicate this specific grade. The label also indicates sources of fatty acids.
8.
A Bacterial Endotoxins Test is added for the material of the specific grade. A different
specification for the Peroxide Value test is also provided for the material of the
specific grade.
(EXC: H. Wang.)
Correspondence Number—C101457

Comment deadline: September 30, 2011
Polysorbate 40
Change to read:
Sorbitan, monohexadecanoate, poly(oxy-1,2-ethanediyl) derivs

The ratio of OH group to C15 H31 COO group is mainly 3:1.
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Polyethylene glycol 20 sorbitan ether monopalmitate;
Polyoxyethylene 20 sorbitan monohexadecanoate;

2S (NF30)

Polyoxyethylene 20 sorbitan monopalmitate
[Compound usually contains also associated fatty acids.]
2S (NF30)

[9005-66-7].
DEFINITION
Change to read:
Polysorbate 40 is a palmitate ester of sorbitol and its anhydrides copolymerized with about 20
moles of ethylene oxide for each mole of sorbitol and sorbitol anhydrides.
The fatty acids may be of vegetable, animal, or synthetic origin. 2S (NF30)

IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197F

2S (NF30)

Analysis: To 5 mL of a solution (1 in 20) add 5 mL of sodium hydroxide TS. Boil for a few
min, cool, and acidify with 3 N hydrochloric acid.
Acceptance criteria: The solution is strongly opalescent.
2S (NF30)

Change to read:
• B. A mixture of 60 volumes of it and 40 volumes of water yields a gelatinous mass at normal
and lower than normal room temperatures.
It meets the requirements for Composition of Fatty Acids in the Assay. 2S (NF30)
Delete the following:
• C.
Analysis: To 2 mL of a solution (1 in 20) add 0.5 mL of bromine TS, dropwise.
Acceptance criteria: The bromine is not decolorized (distinction from Polysorbate 80).
2S (NF30)

ASSAY
Add the following:
• Composition of Fatty Acids: Polysorbate 40 exhibits the composition profiles of fatty
acids shown in Table 1, as determined in Fats and Fixed Oils
Composition.
Table 1

401 , Fatty Acid
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Carbon-Chain
Length
16

Number of Percentage
Double Bonds
(%)
0
92.0

2S (NF30)

IMPURITIES
• Residue on Ignition 281 : NMT 0.25%
• Heavy Metals, Method II 231 : NMT 10 ppm
Add the following:
• Ethylene Oxide and Dioxane, Method II 228
Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm
2S (NF30)

SPECIFIC TESTS
Add the following:
• Bacterial Endotoxins Test 85
For Polysorbate 40 intended for use in the manufacture of injectable dosage forms:
The level of bacterial endotoxins is such that the requirement in the relevant dosage form
monograph(s) in which Polysorbate 40 is used can be met. Where the label states that
Polysorbate 40 must be subjected to further processing during the preparation of
injectable dosage forms, the level of bacterial endotoxins is such that the requirement in
the relevant dosage form monograph(s) in which Polysorbate 40 is used can be met.
2S (NF30)

Change to read:
• Acid Value
Fats and Fixed Oils, Acid Value

401

2S (NF30)

Sample: 10.0 g
Analysis: Transfer the Sample to a wide-mouth, 250-mL conical flask, and add 50 mL of
neutralized alcohol. Heat on a steam bath nearly to boiling, shaking thoroughly
occasionally while heating. Invert a beaker over the mouth of the flask, cool under running
water, and add 5 drops of phenolphthalein TS. Titrate with 0.1 N sodium hydroxide VS.
Calculate the acid value as directed in the chapter. 2S (NF30)
Acceptance criteria: NMT 4 mL of 0.100 N sodium hydroxide is required, corresponding to
an acid value of 2.2.
NMT 2.0 2S (NF30)
• Fats and Fixed Oils, Hydroxyl Value
Add the following:
•

401 : 89–105
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Fats and Fixed Oils
, Peroxide Value 401
Sample: 10.0 g
Analysis: Transfer the Sample to a 100-mL beaker and add 20 mL of glacial acetic acid.
Add 1 mL of saturated potassium iodide solution [Note—Make sure the solution remains
saturated as indicated by the presence of undissolved crystals. ], mix, and allow to stand
for 1 min. Add 50 mL of carbon dioxide-free water and a magnetic stirring bar. Titrate with
0.01 M sodium thiosulfate VS, determining the endpoint potentiometrically (see Titrimetry
541 ). Perform a blank titration.
Calculate the peroxide value as directed in the chapter.
Acceptance criteria: NMT 10.0
For Polysorbate 40 intended for use in the manufacture of injectable dosage forms:
NMT 5.0
2S (NF30)

• Fats and Fixed Oils, Saponification Value

401 : 41–52

• Water Determination, Method I 921 : NMT 3.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers,
protected from light and moisture. Store at room temperature.

2S (NF30)

Add the following:
• Labeling: Label it to indicate whether the fatty acids are derived from animal, vegetable,
or synthetic sources. Where Polysorbate 40 is intended for use in the manufacture of
injectable dosage forms, it is so labeled. 2S (NF30)
Add the following:
• USP Reference Standards
USP Polysorbate 40 RS

11

2S (NF30)

BRIEFING
Polysorbate 60, NF 29 page 1634. See Briefing under Polysorbate 20 and Polysorbate 40. As
part of the USP monograph modernization effort, it is proposed to make the following
changes:
1.
Update the chemical name, and add a chemical structure.
2.
Use an Infrared Absorption test and a test for Composition of Fatty Acids to replace
the current identification tests. Correspondingly, USP Polysorbate 60 RS is introduced
into the monograph.
3.
Add a test for Limit of Ethylene Oxide and Dioxane under Impurities.
4.
Change the Acid Value specification from 2.2 to 2.0, and clarify the calculation.
5.
Add a test for Peroxide Value.
6.
Update the Packaging and Storage section.
7.
Add a Labeling section, and specify that the label indicates sources of fatty acids.
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(EXC: H. Wang.)
Correspondence Number—C101458

Comment deadline: September 30, 2011
Polysorbate 60
Change to read:

The ratio of OH group to the sum of C15 H31 COO and C17 H35 COO groups is mainly 3:1.

2S (NF30)

Sorbitan, monooctadecanoate, poly(oxy-1,2-ethanediyl) derivs.;
Polyethylene glycol 20 sorbitan ether monostearate;
Polyoxyethylene 20 sorbitan monooctadecanoate;

2S (NF30)

Polyoxyethylene 20 sorbitan monostearate
[Compound usually also contains associated fatty acids.]
2S (NF30)

[9005-67-8].
DEFINITION
Change to read:
Polysorbate 60 is a mixture of stearate and palmitate esters of sorbitol and its anhydrides
copolymerized with about 20 moles of ethylene oxide for each mole of sorbitol and sorbitol
anhydrides.
The fatty acids may be of vegetable, animal, or synthetic origin. 2S (NF30)

IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197F

2S (NF30)

Sample solution: 1 in 20, in water
Analysis: To 5 mL of the Sample solution add 5 mL of sodium hydroxide TS. Boil for a few

PF 37(4): Jul.-Aug. 2011

231

min, cool, and acidify with 3 N hydrochloric acid.
Acceptance criteria: The solution is strongly opalescent.
2S (NF30)

Change to read:
• B.
Sample solution: 1 in 20, in water
Analysis: To 2 mL of the Sample solution add 0.5 mL of bromine TS, dropwise.
Acceptance criteria: The bromine is not decolorized (distinction from polysorbate 80).
It meets the requirements in the Assay for Composition of Fatty Acids.
2S (NF30)

Delete the following:
• C. A mixture of 60 volumes of Polysorbate 60 and 40 volumes of water yields a gelatinous
mass at normal and lower than normal room temperatures. 2S (NF30)
ASSAY
Add the following:
• Composition of Fatty Acids
Polysorbate 60 exhibits the composition profiles of fatty acids shown in Table 1, as
determined in Fats and Fixed Oils

401 , Fatty Acid Composition.

Table 1
Carbon-Chain Length Number of
Percentage
Double Bonds
(%)
18
0
40.0–60.0
Sum of stearic acid (C18:0)
and palmitic acid (C16:0)
90.0
2S (NF30)

IMPURITIES
• Residue on Ignition 281 : NMT 0.25%
• Heavy Metals, Method II 231 : NMT 10 ppm
Add the following:
• Limit of Ethylene Oxide and Dioxane
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm
2S (NF30)

SPECIFIC TESTS
Change to read:
Acid Value

228 , Method II.
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401

2S (NF30)

Sample: 10.0 g of Polysorbate 60
Analysis: Transfer the Sample to a wide-mouth, 250-mL conical flask, and add 50 mL of
neutralized alcohol. Heat on a steam bath nearly to boiling, shaking thoroughly occasionally
while heating. Invert a beaker over the mouth of the flask, cool under running water, and
add 5 drops of phenolphthalein TS. Titrate with 0.1 N sodium hydroxide VS.
Calculate the acid value as directed in the chapter. 2S (NF30)
Acceptance criteria: NMT 4 mL of 0.1 N sodium hydroxide, corresponding to an acid value of
2.2
NMT 2.0 2S (NF30)
• Fats and Fixed Oils, Hydroxyl Value

401 : 81–96

Add the following:
• Fats and Fixed Oils, Peroxide Value 401
Sample: 10.0 g
Analysis: Transfer the Sample to a 100-mL beaker, and add 20 mL of glacial acetic acid to
the beaker. Add 1 mL of saturated potassium iodide solution, [Note—Make sure the
solution remains saturated as indicated by the presence of undissolved crystals. ] mix,
and allow to stand for 1 min. Add 50 mL of carbon dioxide-free water and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate VS, determining the endpoint
potentiometrically (see Titrimetry 541 ). Perform a blank titration.
Calculate the peroxide value as directed in the chapter.
Acceptance criteria: NMT 10.0 2S (NF30)
• Fats and Fixed Oils, Saponification Value

401 : 45–55

• Water Determination, Method I 921 : NMT 3.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers,
protected from light and moisture. Store at room temperature.

2S (NF30)

Add the following:
• Labeling: Label to indicate whether the fatty acids are derived from animal, vegetable, or
synthetic sources. 2S (NF30)
Add the following:
• USP Reference Standards
USP Polysorbate 60 RS

11

2S (NF30)

BRIEFING
Pregelatinized Hydroxypropyl Corn Starch. Because there is no existing NF monograph for
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this excipient, a new monograph is proposed based on data and methods received. The gas
chromatographic (GC) procedure in the test for Limit of Propylene Glycol is based on
analyses using the J&W Scientific DB-1 brand of G1 column. The retention times for
propylene glycol and 1,3-propanediol are 6.2 and 8.7 min, respectively.
(EXC: H. Wang.)
Correspondence Number—C95157

Comment deadline: September 30, 2011
Add the following:
Pregelatinized Hydroxypropyl Corn Starch
DEFINITION
Pregelatinized Hydroxypropyl Corn Starch is prepared from Hydroxypropyl Corn Starch by
mechanical processing in the presence of water, with or without heat, to rupture all or some of
the starch granules, and is subsequently dried. It contains NLT 2.0% and NMT 7.0% of
hydroxypropyl groups on the dried basis.
IDENTIFICATION
• A. Test for Pregelatinized State
Sample: 1 g
Analysis: Disperse the Sample in 50 mL of water at a temperature NMT 25 . Shake
vigorously until lumps completely disperse/solubilize or until lumps disappear. Allow to
stand for 20 min.
Acceptance criteria: A translucent or clear mucilage without precipitate is formed.
Change to read:
• B. Test for Starch
Analysis: Disperse 0.5 g in 2 mL of water without heating, and add 0.05 mL of iodine and
potassium iodide TS2.
Acceptance criteria: A reddish-violet or blue color is produced.
• C. Ninhydrin Test
Ninhydrin solution: Dissolve 3 g of ninhydrin in 100 mL of a 45.5-g/L solution of sodium
metabisulfite.
Diluted sulfuric acid: 98 g/L of H2 SO4
Sample: 100 mg
Analysis: Transfer the Sample to a 100-mL volumetric flask, and add 12.5 mL of Diluted
sulfuric acid. Place the flask in a water-bath, and heat until the Sample is dissolved. Cool,
and dilute with water to 100 mL. [Caution—When sulfuric acid is miscible with water, it
produces intense heat. ]
Pipet 1 mL of this solution to a glass-stoppered 25-mL graduated test tube and, with the
tube immersed in cold water, add dropwise 8 mL of sulfuric acid. Mix well, and place the
tube in a boiling water bath for exactly 3 min. Immediately transfer the tube to an ice
bath until the solution is chilled. Add 0.6 mL of Ninhydrin solution, carefully allowing the
reagent to run down the walls of the test tube. Immediately shake the tube well, and
place it in a water bath at 25 for 100 min. Dilute with sulfuric acid to 25 mL. [Caution
—Use sulfuric acid cautiously. ] Mix by inverting the tube several times. Do not shake.
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Acceptance criteria: A violet color develops within 5 min due to the presence of
hydroxypropyl groups (starch ether).
ASSAY
• Assay for Hydroxypropyl Groups
Deuterium chloride solution: Dilute 1 mL of deuterium chloride (38% w/w) with 5 mL of
deuterium oxide.
Internal standard solution: Disperse 50.0 mg of sodium 3-trimethylsilyl-1-propane
sulfonate in about 5 g of deuterium oxide, weighed to the nearest 0.1 mg. Store in a
sealed bottle.
Sample solution: Determine the moisture content (B) of 5 g of Pregelatinized
Hydroxypropyl Corn Starch following the Loss on Drying test. Weigh 12.0 mg of
Pregelatinized Hydroxypropyl Corn Starch in a 5-mm NMR tube. Add 0.75 mL of deuterium
oxide and 0.1 mL of Deuterium chloride solution. Cap the tube, mix, and place it in a
boiling water bath until a clear solution is obtained. [Note—This may take from 3 min to 1
h. ] When a clear solution is obtained, allow it to cool to room temperature. Dry the
exterior of the tube, and weigh to the nearest 0.1 mg. Add 0.05 mL of Internal standard
solution. Weigh to the nearest 0.1 mg. Determine the mass of the Internal standard
solution added. Mix thoroughly.
Instrumental conditions
(See Nuclear Magnetic Resonance 761 , Quantitative Applications.)
Mode: Nuclear magnetic resonance spectrometry
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of 1H NMR spectra: The following parameters may be used:
Sweep width: 8 ppm (about 1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90
Pulse delay: 10 s
Dummy scans: 0
Number of scans: 8
Use the CH3 signal of the internal standard for shift referencing. Set the shift of the peak
of the singlet to 0 ppm. Record the FID signal.
Analysis
Samples: Internal standard solution and Sample solution
Call the integration sub-routine after phase corrections and baseline correction between
0.5 and +6 ppm.
Measure the peak areas of the doublet from the methyl groups of the hydroxypropyl
function at +1.2 ppm (A2), and of the methyl groups at 0 ppm of the internal standard
(A1) without 13C-satellites.
Measure the signal originating from the 3 protons of the methyl group in the hydroxypropyl
function.
Calculate the content of hydroxypropyl groups as a percentage (w/w, dried basis):
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B)] × 100

N = numerical value representing the 3 methyl groups in the internal standard (sodium 3trimethylsilyl-1-propane sulfonate), 3
A2= area of the methyl groups of hydroxypropyl in Pregelatinized Hydroxypropyl Corn Starch
A1= area of the methyl groups in the internal standard (sodium 3-trimethylsilyl-1-propane
sulfonate)
CI= concentration of the internal standard in the Internal standard solution (mg/g)
WI= weight of the Internal standard solution in the NMR tube (g)
W= weight of the Pregelatinized Hydroxypropyl Corn Starch in the NMR tube (mg)
Mr2
= molar mass of hydroxypropyl groups, 59.09 g/mol
Mr1
= molecular weight of the internal standard, 218.32 g/mol
B = moisture content of the Pregelatinized Hydroxypropyl Corn Starch used in the Sample
solution, as a percentage (w/w)
Acceptance criteria: 2.0%–7.0% of hydroxypropyl groups on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.6%, determined on a 1.0-g test specimen
• Limit of Iron
Standard iron stock solution: Prepare a solution containing the equivalent of 10 µg/mL of
iron, as directed under Iron 241 .
Diluted standard iron solution: Immediately before use, dilute an accurately measured
volume of the Standard iron stock solution quantitatively with water to obtain a solution
containing the equivalent of 1 µg/mL of iron.
Sample solution: Shake the residue obtained from the test for Residue on Ignition with 20
mL of 2 N hydrochloric acid, and filter. Transfer 10 mL of the filtrate to a test tube. Add 2
mL of citric acid solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline to litmus, dilute with water to
20 mL, and mix.
Standard solution: Transfer 10 mL of the Diluted standard iron solution to a test tube.
Add 2 mL of citric acid solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline to litmus, dilute with water to
20 mL, and mix.
Acceptance criteria: After 5 min, any pink color in the Sample solution is not more intense
than that in the Standard solution, corresponding to a limit of 20 ppm of iron.
• Limit of Sulfur Dioxide, Method IV 525 : NMT 50 ppm
• Limit of Propylene Glycol
Internal standard solution: 0.5 mg/mL of 1,3-propanediol in anhydrous pyridine
Standard stock solution: 0.5 mg/mL of USP Propylene Glycol RS in Internal standard
solution
Standard solution: Transfer 0.1 mL of the Standard stock solution to a 2-mL vessel with a
screw cap fitted with a septum. Add 0.9 mL of anhydrous pyridine, 0.2 mL of
hexamethyldisilazane, and 0.1 mL of trimethylchlorosilane. Close, and mix. Allow to stand
for 15 min before injection.
Sample stock solution: Transfer 200 mg of Pregelatinized Hydroxypropyl Corn Starch to a
100-mL volumetric flask. Add 1.0 mL of the Internal standard solution and 9.0 mL of
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anhydrous pyridine. Boil under reflux using a water bath for 20 min. Allow to cool to room
temperature.
Sample solution: Transfer 1.0 mL of the Sample stock solution to a 2-mL vessel with a
screw cap fitted with a septum. Add 0.2 mL of hexamethyldisilazane and 0.1 mL of
trimethylchlorosilane. Close, and mix. Allow to stand for 15 min before injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary column; 0.25-µm layer of phase G1
Temperature
Detector: 250
Injection port: 250
Column: 70 . [Note—The column must be desorbed regularly. Conditions: Program from
70 to 300 at 7 /min, and maintain 10 min at 300 . ]
Carrier gas: Helium
Flow rate: 3 mL/min
Injection type: Split ratio of 1:30
Injection size: 1 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the trimethylsylilated derivative of propylene glycol
and the trimethylsylilated derivative of 1,3-propanediol are 1.0 and 1.4, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the peaks due to the trimethylsylilated derivative of
propylene glycol and the trimethylsylilated derivative of 1,3-propanediol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of propylene glycol in the portion of Pregelatinized Hydroxypropyl
Corn Starch taken:
Result = (RU/RS) × (CS/CU) × 100
RU= internal standard ratio (peak response of propylene glycol/peak response of 1,3propanediol) from the Sample solution
RS= internal standard ratio (peak response of propylene glycol/peak response of 1,3propanediol) from the Standard solution
C=
S concentration of USP Propylene Glycol RS in the Standard solution (mg/mL)
C=
U concentration of Pregelatinized Hydroxypropyl Corn Starch in the Sample solution
(mg/mL)
Acceptance criteria: NMT 0.1%
• Limit of Oxidizing Substances
Sample: 4.0 g
Analysis: Transfer the Sample to a glass-stoppered 125-mL conical flask, and add 50.0 mL
of a mixture of water and methanol (1:1). Insert the stopper, and swirl for 5 min. Transfer
to a glass-stoppered 50-mL centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL of
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the clear supernatant to a glass-stoppered 125-mL conical flask. Add 1 mL of glacial
acetic acid and from 0.5–1.0 g of potassium iodide. Insert the stopper, swirl, and allow to
stand for 25–30 min in the dark. Add 1 mL of starch TS, and titrate with 0.002 N sodium
thiosulfate VS to the disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each mL of 0.002 N sodium thiosulfate
VS is equivalent to 34 µg of oxidant, calculated as hydrogen peroxide.
Acceptance criteria: NMT 1.4 mL of 0.002 N sodium thiosulfate VS is required (20 ppm,
calculated as H2 O2 ).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, the total combined molds and
yeasts count does not exceed 102 cfu/g, and it meets the requirements of the test for the
absence of Escherichia coli.
• pH 791
Sample solution: Progressively suspend 3.0 g of Pregelatinized Hydroxypropyl Corn Starch
in 100.0 mL of carbon dioxide-free water, stirring continuously. Determine the pH when all
the solid is wetted.
Acceptance criteria: 4.5–8.0
• Loss on Drying 731 : Dry about 1 g at 130 for 90 min: it loses NMT 15.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards
USP Propylene Glycol RS

11

2S (NF30)

BRIEFING
Pregelatinized Hydroxypropyl Pea Starch. Because there is no existing NF monograph for
this excipient, a new monograph is proposed based on data and methods received. The gas
chromatographic (GC) procedure in the test for Limit of Propylene Glycol is based on
analyses using the J&W Scientific DB-1 brand of G1 column. The retention times for
propylene glycol and 1,3-propanediol are 6.2 and 8.7 min, respectively.
(EXC: H. Wang.)
Correspondence Number—C95157

Comment deadline: September 30, 2011
Add the following:
Pregelatinized Hydroxypropyl Pea Starch
DEFINITION
Pregelatinized Hydroxypropyl Pea Starch is prepared from Hydroxypropyl Pea Starch by
mechanical processing in the presence of water, with or without heat, to rupture all or some of
the starch granules, and is subsequently dried. It contains NLT 2.0% and NMT 7.0% of
hydroxypropyl groups on the dried basis.
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IDENTIFICATION
• A. Test for Pregelatinized State
Sample: 1 g
Analysis: Disperse the Sample in 50 mL of water at a temperature NMT 25 . Shake
vigorously until lumps completely disperse/solubilize or until lumps disappear. Allow to
stand for 20 min.
Acceptance criteria: A translucent or clear mucilage without precipitate is formed.
• B. Test for Starch
Analysis: Disperse 0.5 g in 2 mL of water without heating, and add 0.05 mL of iodine and
potassium iodide TS2.
Acceptance criteria: A reddish-violet or blue color is produced.
• C. Ninhydrin Test
Ninhydrin solution: Dissolve 3 g of ninhydrin in 100 mL of a 45.5-g/L solution of sodium
metabisulfite.
Diluted sulfuric acid: 98 g/L of H2 SO4
Sample: 100 mg
Analysis: Transfer the Sample to a 100-mL volumetric flask and add 12.5 mL of Diluted
sulfuric acid. Place the flask in a water bath, and heat until the Sample is dissolved. Cool,
and dilute with water to 100 mL. [Caution—When sulfuric acid is miscible with water, it
produces intense heat. ]
Pipet 1 mL of this solution to a glass-stoppered 25-mL graduated test tube and, with the
tube immersed in cold water, add dropwise 8 mL of sulfuric acid. Mix well, and place the
tube in a boiling water bath for exactly 3 min. Immediately transfer the tube to an ice
bath until the solution is chilled. Add 0.6 mL of Ninhydrin solution, carefully allowing the
reagent to run down the walls of the test tube. Immediately shake the tube well, and
place it in a water bath at 25 for 100 min. Dilute with sulfuric acid to 25 mL. [Caution
—Use sulfuric acid cautiously. ] Mix by inverting the tube several times. Do not shake.
Acceptance criteria: A violet color develops within 5 min due to the presence of
hydroxypropyl groups (starch ether).
ASSAY
• Assay for Hydroxypropyl Groups
Deuterium chloride solution: Dilute 1 mL of deuterium chloride (38% w/w) with 5 mL of
deuterium oxide.
Internal standard solution: Disperse 50.0 mg of sodium 3-trimethylsilyl-1-propane
sulfonate in about 5 g of deuterium oxide, weighed to the nearest 0.1 mg. Store in a
sealed bottle.
Sample solution: Determine the moisture content (B) on 5 g of Pregelatinized
Hydroxypropyl Pea Starch following the Loss on Drying test. Weigh 12.0 mg of the
Pregelatinized Hydroxypropyl Pea Starch in a 5-mm NMR tube. Add 0.75 mL of deuterium
oxide and 0.1 mL of Deuterium chloride solution. Cap the tube, mix, and place it in a
boiling water bath until a clear solution is obtained. [Note—This may take from 3 min to 1
h. ] When a clear solution is obtained, allow to cool to room temperature. Dry the exterior
of the tube, and weigh to the nearest 0.1 mg. Add 0.05 mL of the Internal standard
solution. Weigh to the nearest 0.1 mg. Determine the mass of the Internal standard
solution added. Mix thoroughly.
Instrumental conditions
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(See Nuclear Magnetic Resonance 761 , Quantitative Applications.)
Mode: Nuclear magnetic resonance spectrometry
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of 1H NMR spectra: The following parameters may be used:
Sweep width: 8 ppm (about 1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90
Pulse delay: 10 s
Dummy scans: 0
Number of scans: 8
Use the CH3 signal of the internal standard for shift referencing. Set the shift of the peak
of the singlet to 0 ppm. Record the FID signal.
Analysis
Samples: Internal standard solution and Sample solution
Call the integration sub-routine after phase corrections and baseline correction between
0.5 and +6 ppm.
Measure the peak areas of the doublet from the methyl groups of the hydroxypropyl
function at +1.2 ppm (A2), and of the methyl groups at 0 ppm of the internal standard
(A1) without 13C-satellites.
Measure the signal originating from the 3 protons of the methyl group in the
hydroxypropyl function.
Calculate the content of hydroxypropyl groups as a percentage (w/w, dried basis):
Result = (N × A2/A1) × (CI × WI /W) × (Mr2/Mr1) × [100/(100

B)] × 100

N = numerical value representing the 3 methyl groups in the internal standard (sodium 3trimethylsilyl-1-propane sulfonate), 3
A2= area of the methyl groups of hydroxypropyl in Pregelatinized Hydroxypropyl Pea
Starch
A1= area of the methyl groups in the internal standard (sodium 3-trimethylsilyl-1-propane
sulfonate)
CI= concentration of the internal standard in the Internal standard solution (mg/g)
WI= weight of the Internal standard solution in the NMR tube (g)
W= weight of the Pregelatinized Hydroxypropyl Pea Starch in the NMR tube (mg)
Mr2
= molar mass of hydroxypropyl groups, 59.09 g/mol
Mr1
= molecular weight of the internal standard, 218.32 g/mol
B = moisture content of the Pregelatinized Hydroxypropyl Pea Starch used in the Sample
solution, as a percentage (w/w)
Acceptance criteria: 2.0%–7.0% of hydroxypropyl groups on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.6%, determined on a 1.0-g test specimen
• Limit of Iron
Standard iron stock solution: Prepare a solution containing the equivalent of 10 µg/mL of
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iron, as directed under Iron 241 .
Diluted standard iron solution: Immediately before use, dilute an accurately measured
volume of the Standard iron stock solution quantitatively with water to obtain a solution
containing the equivalent of 1 µg/mL of iron.
Sample solution: Shake the residue obtained from the test for Residue on Ignition with 50
mL of 2 N hydrochloric acid, and filter. Transfer 10 mL of the filtrate to a test tube. Add 2
mL of citric acid solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline to litmus, dilute with water to
20 mL, and mix.
Standard solution: Transfer 10 mL of the Diluted standard iron solution to a test tube.
Add 2 mL of citric acid solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline to litmus, dilute with water to
20 mL, and mix.
Acceptance criteria: After 5 min, any pink color in the Sample solution is not more intense
than that in the Standard solution, corresponding to a limit of 50 µg/g (ppm) of iron.
• Limit of Sulfur Dioxide, Method IV 525 : NMT 50 ppm
• Limit of Propylene Glycol
Internal standard solution: 0.5 mg/mL of 1,3-propanediol in anhydrous pyridine
Standard stock solution: 0.5 mg/mL of USP Propylene Glycol RS in Internal standard
solution
Standard solution: Transfer 0.1 mL of the Standard stock solution to a 2-mL vessel with a
screw cap fitted with a septum. Add 0.9 mL of anhydrous pyridine, 0.2 mL of
hexamethyldisilazane, and 0.1 mL of trimethylchlorosilane. Close, and mix. Allow to stand
for 15 min before injection.
Sample stock solution: Transfer 200 mg of Pregelatinized Hydroxypropyl Pea Starch to a
100-mL volumetric flask. Add 1.0 mL of the Internal standard solution and 9.0 mL of
anhydrous pyridine. Boil under reflux using a water bath for 20 min. Allow to cool to room
temperature.
Sample solution: Transfer 1.0 mL of the Sample stock solution to a 2-mL vessel with a
screw cap fitted with a septum. Add 0.2 mL of hexamethyldisilazane and 0.1 mL of
trimethylchlorosilane. Close, and mix. Allow to stand for 15 min before injection.
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary column; 0.25-µm layer of phase G1
Temperature
Detector: 250
Injection port: 250
Column: 70 . [Note—The column must be desorbed regularly. Conditions: Program from
70 to 300 at 7 /min, and maintain 10 min at 300 . ]
Carrier gas: Helium with a pressure of 14 psi
Flow rate: 3 mL/min
Injection type: Split ratio of 1:30
Injection size: 1 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for the trimethylsylilated derivative of propylene glycol
and the trimethylsylilated derivative of 1,3-propanediol are 1.0 and 1.4, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the peaks due to the trimethylsylilated derivative of
propylene glycol and the trimethylsylilated derivative of 1,3-propanediol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of propylene glycol in the portion of Pregelatinized
Hydroxypropyl Pea Starch taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U internal standard ratio (peak response of propylene glycol/peak response of 1,3propanediol) from the Sample solution
R=
S internal standard ratio (peak response of propylene glycol/peak response of 1,3propanediol) from the Standard solution
Cconcentration
of USP Propylene Glycol RS in the Standard solution (mg/mL)
S
Cconcentration
of Pregelatinized Hydroxypropyl Pea Starch in the Sample solution
U
(mg/mL)
Acceptance criteria: NMT 0.1%
• Limit of Oxidizing Substances
Sample: 4.0 g
Analysis: Transfer the Sample to a glass-stoppered 125-mL conical flask, and add 50.0 mL
of a mixture of water and methanol (1:1). Insert the stopper, and swirl for 5 min. Transfer
to a glass-stoppered 50-mL centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL of
the clear supernatant to a glass-stoppered 125-mL conical flask. Add 1 mL of glacial
acetic acid and 0.5–1.0 g of potassium iodide. Insert the stopper, swirl, and allow to
stand for 25–30 min in the dark. Add 1 mL of starch TS, and titrate with 0.002 N sodium
thiosulfate VS to the disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each mL of 0.002 N sodium thiosulfate
VS is equivalent to 34 µg of oxidant, calculated as hydrogen peroxide.
Acceptance criteria: NMT 1.4 mL of 0.002 N sodium thiosulfate VS is required (20 ppm,
calculated as H2 O2 ).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, the total combined molds and
yeasts count does not exceed 102 cfu/g, and it meets the requirements of the test for the
absence of Escherichia coli.
• pH 791
Sample solution: Progressively suspend 3.0 g of Pregelatinized Hydroxypropyl Pea Starch
in 100.0 mL of carbon dioxide-free water, stirring continuously. Determine the pH when all
the solid is wetted.
Acceptance criteria: 4.5–8.0
• Loss on Drying 731 : Dry about 1 g at 130 for 90 min: it loses NMT 15.0% of its weight.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards
USP Propylene Glycol RS

11

2S (NF30)

BRIEFING
Pregelatinized Hydroxypropyl Potato Starch. Because there is no existing NF monograph for
this excipient, a new monograph is proposed based on data and methods received. The gas
chromatographic (GC) procedure in the test for Limit of Propylene Glycol is based on
analyses using the J&W Scientific DB-1 brand of G1 column. The retention times for
propylene glycol and 1,3-propanediol are 6.2 and 8.7 min, respectively.
(EXC: H. Wang.)
Correspondence Number—C95157

Comment deadline: September 30, 2011
Add the following:
Pregelatinized Hydroxypropyl Potato Starch
DEFINITION
Pregelatinized Hydroxypropyl Potato Starch is prepared from Hydroxypropyl Potato Starch by
mechanical processing in the presence of water, with or without heat, to rupture all or some of
the starch granules, and is subsequently dried. It contains NLT 2.0% and NMT 7.0% of
hydroxypropyl groups on the dried basis.
IDENTIFICATION
• A. Test for Pregelatinized State
Sample: 1 g
Analysis: Disperse the Sample in 50 mL of water at a temperature NMT 25 . Shake
vigorously until lumps completely disperse/solubilize or until lumps disappear. Allow to
stand for 20 min.
Acceptance criteria: A translucent or clear mucilage without precipitate is formed.
• B. Test for Starch
Analysis: Disperse 0.5 g in 2 mL of water without heating, and add 0.05 mL of iodine and
potassium iodide TS2.
Acceptance criteria: A reddish-violet or blue color is produced.
• C. Ninhydrin Test
Ninhydrin solution: Dissolve 3 g of ninhydrin in 100 mL of a 45.5-g/L solution of sodium
metabisulfite.
Diluted sulfuric acid: 98 g/L of H2 SO4
Sample: 100 mg
Analysis: Transfer the Sample to a 100-mL volumetric flask, and add 12.5 mL of Diluted
sulfuric acid. Place the flask in a water bath, and heat until the Sample is dissolved. Cool,
and dilute with water to 100 mL. [Caution—When sulfuric acid is miscible with water, it
produces intense heat. ]
Pipet 1 mL of this solution to a glass-stoppered 25-mL graduated test tube and, with the
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tube immersed in cold water, add dropwise 8 mL of sulfuric acid. Mix well, and place the
tube in a boiling water bath for exactly 3 min. Immediately transfer the tube to an ice
bath until the solution is chilled. Add 0.6 mL of Ninhydrin solution, carefully allowing the
reagent to run down the walls of the test tube. Immediately shake the tube well, and
place it in a water bath at 25 for 100 min. Dilute with sulfuric acid to 25 mL. [Caution
—Use sulfuric acid cautiously. ] Mix by inverting the tube several times. Do not shake.
Acceptance criteria: A violet color develops within 5 min due to the presence of
hydroxypropyl groups (starch ether).
ASSAY
• Assay for Hydroxypropyl Groups
Deuterium chloride solution: Dilute 1 mL of deuterium chloride (38% w/w) with 5 mL of
deuterium oxide.
Internal standard solution: Disperse 50.0 mg of sodium 3-trimethylsilyl-1-propane
sulfonate in about 5 g of deuterium oxide, weighed to the nearest 0.1 mg. Store in a
sealed bottle.
Sample solution: Determine the moisture content (B) on 5 g of Pregelatinized
Hydroxypropyl Potato Starch following the Loss on Drying test. Weigh 12.0 mg of the
Pregelatinized Hydroxypropyl Potato Starch in a 5-mm NMR tube. Add 0.75 mL of
deuterium oxide and 0.1 mL of Deuterium chloride solution. Cap the tube, mix, and place it
in a boiling water bath until a clear solution is obtained. [Note—This may take from 3 min
to 1 h. ] When a clear solution is obtained, allow it to cool to room temperature. Dry the
exterior of the tube, and weigh to the nearest 0.1 mg. Add 0.05 mL of the Internal
standard solution. Weigh to the nearest 0.1 mg. Determine the mass of the Internal
standard solution added. Mix thoroughly.
Instrumental conditions
(See Nuclear Magnetic Resonance 761 , Quantitative Applications.)
Mode: Nuclear magnetic resonance spectrometry
Apparatus: FT-NMR spectrometer at minimum 300 MHz
Acquisition of 1H NMR spectra: The following parameters may be used:
Sweep width: 8 ppm (about 1.0 to +7 ppm)
Irradiation frequency offset: None
Time domain: NLT 64 K
Pulse width: 90
Pulse delay: 10 s
Dummy scans: 0
Number of scans: 8
Use the CH3 signal of the internal standard for shift referencing. Set the shift of the peak
of the singlet to 0 ppm. Record the FID signal.
Analysis
Samples: Internal standard solution and Sample solution
Call the integration sub-routine after phase corrections and baseline correction between
0.5 and +6 ppm.
Measure the peak areas of the doublet from the methyl groups of the hydroxypropyl
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function at +1.2 ppm (A2), and of the methyl groups at 0 ppm of the internal standard
(A1) without 13C-satellites.
Measure the signal originating from the 3 protons of the methyl group in the hydroxypropyl
function.
Calculate the content of hydroxypropyl groups as a percentage (w/w, dried basis):
Result = (N × A2/A1) × (CI × WI /W) × (Mr2/Mr1) × [100/(100

B)] × 100

N = numerical value representing the 3 methyl groups in the internal standard (sodium 3trimethylsilyl-1-propane sulfonate), 3
A2= area of the methyl groups of hydroxypropyl in Pregelatinized Hydroxypropyl Potato
Starch
A1= area of the methyl groups in the internal standard (sodium 3-trimethylsilyl-1-propane
sulfonate)
CI= concentration of the internal standard in the Internal standard solution (mg/g)
WI= weight of the Internal standard solution in the NMR tube (g)
W= weight of the Pregelatinized Hydroxypropyl Potato Starch in the NMR tube (mg)
Mr2
= molar mass of hydroxypropyl groups, 59.09 g/mol
Mr1
= molecular weight of the internal standard, 218.32 g/mol
B = moisture content of the Pregelatinized Hydroxypropyl Potato Starch used in the Sample
solution, as a percentage (w/w)
Acceptance criteria: 2.0%–7.0% of hydroxypropyl groups on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.6%, determined on a 1.0-g test specimen
• Limit of Iron
Standard iron stock solution: Prepare a solution containing the equivalent of 10 µg/mL of
iron, as directed under Iron 241 .
Diluted standard iron solution: Immediately before use, dilute an accurately measured
volume of the Standard iron stock solution quantitatively with water to obtain a solution
containing the equivalent of 1 µg/mL of iron.
Sample solution: Shake the residue obtained from the test for Residue on Ignition with 20
mL of 2 N hydrochloric acid, and filter. Transfer 10 mL of the filtrate to a test tube. Add 2
mL of citric acid solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline to litmus, dilute with water to
20 mL, and mix.
Standard solution: Transfer 10 mL of the Diluted standard iron solution to a test tube.
Add 2 mL of citric acid solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline to litmus, dilute with water to
20 mL, and mix.
Acceptance criteria: After 5 min, any pink color in the Sample solution is not more intense
than that in the Standard solution, corresponding to a limit of 20 ppm of iron.
• Limit of Sulfur Dioxide, Method IV 525 : NMT 50 ppm
• Limit of Propylene Glycol
Internal standard solution: 0.5 mg/mL of 1,3-propanediol in anhydrous pyridine
Standard stock solution: 0.5 mg/mL of USP Propylene Glycol RS in Internal standard
solution
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Standard solution: Transfer 0.1 mL of the Standard stock solution to a 2-mL vessel with a
screw cap fitted with a septum. Add 0.9 mL of anhydrous pyridine, 0.2 mL of
hexamethyldisilazane, and 0.1 mL of trimethylchlorosilane. Close, and mix. Allow to stand
for 15 min before injection.
Sample stock solution: Transfer 200 mg of Pregelatinized Hydroxypropyl Potato Starch to
a 100-mL volumetric flask. Add 1.0 mL of the Internal standard solution and 9.0 mL of
anhydrous pyridine. Boil under reflux using a water bath for 20 min. Allow to cool to room
temperature.
Sample solution: Transfer 1.0 mL of the Sample stock solution to a 2-mL vessel with a
screw cap fitted with a septum. Add 0.2 mL of hexamethyldisilazane and 0.1 mL of
trimethylchlorosilane. Close, and mix. Allow to stand for 15 min before injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary column; 0.25-µm layer of phase G1
Temperature
Detector: 250
Injection port: 250
Column: 70 . [Note—The column must be desorbed regularly. Conditions: Program from
70 to 300 at 7 /min, and maintain 10 min at 300 . ]
Carrier gas: Helium
Flow rate: 3 mL/min
Injection type: Split ratio of 1:30
Injection size: 1 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the trimethylsylilated derivative of propylene glycol
and the trimethylsylilated derivative of 1,3-propanediol are 1.0 and 1.4, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the peaks due to the trimethylsylilated derivative of
propylene glycol and the trimethylsylilated derivative of 1,3-propanediol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of propylene glycol in the portion of Pregelatinized Hydroxypropyl
Potato Starch taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U internal standard ratio (peak response of propylene glycol/peak response of 1,3propanediol) from the Sample solution
R=
S internal standard ratio (peak response of propylene glycol/peak response of 1,3propanediol) from the Standard solution
C=
S concentration of USP Propylene Glycol RS in the Standard solution (mg/mL)
C=
U concentration of Pregelatinized Hydroxypropyl Potato Starch in the Sample solution
(mg/mL)
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Acceptance criteria: NMT 0.1%
• Limit of Oxidizing Substances
Sample: 4.0 g
Analysis: Transfer the Sample to a glass-stoppered 125-mL conical flask, and add 50.0 mL
of a mixture of water and methanol (1:1). Insert the stopper, and swirl for 5 min. Transfer
to a glass-stoppered 50-mL centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL of
the clear supernatant to a glass-stoppered 125-mL conical flask. Add 1 mL of glacial
acetic acid and 0.5–1.0 g of potassium iodide. Insert the stopper, swirl, and allow to
stand for 25–30 min in the dark. Add 1 mL of starch TS, and titrate with 0.002 N sodium
thiosulfate VS to the disappearance of the starch-iodine color. Perform a blank
determination, and make any necessary correction. Each mL of 0.002 N sodium thiosulfate
VS is equivalent to 34 µg of oxidant, calculated as hydrogen peroxide.
Acceptance criteria: NMT 1.4 mL of 0.002 N sodium thiosulfate VS is required (20 ppm,
calculated as H2 O2 ).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, the total combined molds and
yeasts count does not exceed 102 cfu/g, and it meets the requirements of the test for the
absence of Escherichia coli.
• pH 791
Sample solution: Progressively suspend 3.0 g of Pregelatinized Hydroxypropyl Potato
Starch in 100.0 mL of carbon dioxide-free water, stirring continuously. Determine the pH
when all the solid is wetted.
Acceptance criteria: 4.5–8.0
• Loss on Drying 731 : Dry about 1 g at 130 for 90 min: it loses NMT 20.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards
USP Propylene Glycol RS

11

2S (NF30)

BRIEFING
Xylitol, NF 29 page 1712. As part of the USP monograph modernization effort and on the basis
of validated methods of analysis, it is proposed to replace the current GC method in the
Assay and in the test for Limit of Other Polyols with an HPLC method that eliminates the use
of derivatization and a packed column. The liquid chromatographic procedures in the Assay
and in the test for Limit of Other Polyols are based on analyses performed with the Shodex
Sugar SP08010 Pb2+ brand of 7-µm L34 column. In the Assay the typical retention times for
xylitol and galactitol are about 56 and 62 min, respectively. In the test for Limit of Other
Polyols the typical retention times for l-arabinitol, mannitol, xylitol, galactitol, and sorbitol
are about 44, 47, 58, 65, and 71 min, respectively.
In addition, it is proposed to add Identification test B using peak identification based on a
comparison with USP Xylitol RS in the Assay.
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(EXC: R. Lafaver.)
Correspondence Number—C77848

Comment deadline: September 30, 2011
Xylitol

C5 H12 O5

152.15

Xylitol.
DEFINITION
Xylitol contains NLT 98.5% and NMT 101.0% of C5 H12 O5 , calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: undried
Add the following:
• B. The retention time of the xylitol peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (NF30)
ASSAY
Change to read:
• Procedure
Internal standard solution: 3.5 mg/mL of USP Erythritol RS in water
Standard solution: 0.05 mg/mL each of USP l-Arabinitol RS, USP Galactitol RS, USP
Mannitol RS, and USP Sorbitol RS, and 10 mg/mL of USP Xylitol RS in water
Sample solution: 10 mg/mL of Xylitol in water
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m capillary column bonded with a 0.25-µm layer of phase G46
Temperature
Injector: 270
Detector: 280
Column: See Temperature program table.
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Initial
TemperatureFinal
Hold Time
Temperature
Ramp
Temperature
at Final
Temperature
( )
( /min)
( )
(min)
170
—
170
5
170
6
215
8
215
10
270
14
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 µL
System suitability
Sample: Standard solution
[Note—The relative retention times corresponding to the derivatives of erythritol, larabinitol, xylitol, mannitol, galactitol, and sorbitol are 0.47, 0.75, 0.81, 0.98, 0.99, and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 1.5% for the peak area ratios of xylitol to
erythritol
Analysis
Samples: Standard solution and Sample solution
Transfer 1.0 mL each of the Samples to separate round-bottom, 10-mL boiling flasks. To
each flask, add 1.0 mL of Internal standard solution, and evaporate each of the
mixtures under reduced pressure to dryness on a water bath at 60 , with the aid of a
rotary evaporator. Add 1 mL of dehydrated alcohol, shake gently, and evaporate to
dryness under the same conditions. Dissolve each residue in 1 mL of pyridine. Add 1 mL
of acetic anhydride to each flask, cap each flask, and mix on a vortex mixer for 30 s.
Store the closed flasks in an oven at 70 for 30 min. Separately inject the solutions of
the Sample solution and the Standard solution into the chromatograph.
Calculate the percentage of C5 H12 O5 in the portion of Xylitol taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of derivatized xylitol to derivatized erythritol in the chromatogram of
the solution of the Sample solution
R=
S peak area ratio of derivatized xylitol to derivatized erythritol in the chromatogram of
the solution of the Standard solution
C=
S concentration of xylitol in the Standard solution (mg/mL)
C=
U concentration of xylitol in the Sample solution (mg/mL)
Mobile phase: Acetonitrile and water (20:80)
System suitability solution: 2.5 mg/mL of USP Galactitol RS and 25 mg/mL of USP
Xylitol RS in Mobile phase.
Standard solution: 25 mg/mL of USP Xylitol RS in Mobile phase.
Sample solution: 25 mg/mL of Xylitol in Mobile phase.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 192 nm
Column: 8.0-mm × 30-cm; 7-µm packing L34
Column temperature: 80
Flow rate: 0.5 mL/min
Injection size: 25 µL
System suitability
Sample: System suitability solution and Standard solution
[Note—The relative retention times for xylitol and galactitol are about 1.0 and 1.10,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between galactitol and xylitol, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of xylitol (C5 H12 O5 ) in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of xylitol from the Sample solution
r=
s peak response of xylitol from the Standard solution
C=
S concentration of USP Xylitol RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
2S (NF30)

Acceptance criteria: 98.5%–101.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
• Heavy Metals 231 : NMT 10 ppm, using 2 g of Xylitol dissolved in 25 mL of water
• Reducing Sugars
Sample: 500 mg
Analysis: Dissolve the Sample in 2.0 mL of water in a 10-mL conical flask. Into a similar
flask, pipet 2 mL of a 0.5 mg/mL dextrose solution. To each flask add 1 mL of alkaline
cupric tartrate TS, heat to boiling, and cool.
Acceptance criteria: Any turbidity in the xylitol flask is NMT that in the dextrose flask, in
which a reddish-brown precipitate forms (0.2% reducing sugars, as dextrose).
Change to read:
• Limit of Other Polyols
Analysis: Using the chromatograms obtained in the Assay, separately calculate the
percentage of each polyol in the portion of Xylitol taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of the individual derivatized polyol to the derivatized erythritol in
the Sample solution
RS= peak response ratio of the individual derivatized polyol to the derivatized erythritol in
the Standard solution
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C=
S concentration of the individual polyol in the Standard solution (mg/mL)
C=
U concentration of Xylitol in the Sample solution (mg/mL)
Mobile phase: Acetonitrile and water (20:80)
System suitability solution: 0.5 mg/mL each of USP l-Arabinitol RS, USP Galactitol RS,
USP Mannitol RS, and USP Sorbitol RS, and 100 mg/mL of USP Xylitol RS in Mobile
phase.
Standard solution: 0.5 mg/mL each of USP l-Arabinitol RS, USP Galactitol RS, USP
Mannitol RS, and USP Sorbitol RS in Mobile phase.
Sample solution: 100 mg/mL of Xylitol in Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 192 nm
Column: 8.0-mm × 30-cm; 7-µm packing L34
Column temperature: 80
Flow rate: 0.5 mL/min
Injection size: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for l-arabinitol, mannitol, xylitol, galactitol, and
sorbitol are about 0.76, 0.81, 1.0, 1.12, and 1.22, respectively.]
Suitability requirements
Resolution: NLT 1.5 between all adjacent polyol peaks, System suitability solution
Relative standard deviation: NMT 5.0% for the galactitol peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each polyol (l-arabinitol, galactitol, mannitol, or sorbitol) in
the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of the individual polyol from the Sample solution
r=
S peak response of the individual polyol from the Standard solution
C=
S concentration of the individual polyol in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
2S (NF30)

Acceptance criteria: The sum of the polyols is NMT 2.0%, calculated on the anhydrous basis.
SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
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• USP Reference Standards
USP l-Arabinitol RS
USP Erythritol RS

251

11

2S (NF30)

USP
USP
USP
USP

Galactitol RS
Mannitol RS
Sorbitol RS
Xylitol RS
BRIEFING

Amikacin, USP 34 page 1845. As part of the USP monograph modernization initiative, the test
for Identification is revised to replace the thin-layer chromatographic procedure with an
infrared absorption procedure. The inclusion of the infrared absorption test provides two
orthogonal procedures for the identification of this drug substance. The Assay is updated to
include the particle size of the analytical column and to delete the data recorder settings.
(SM1: A. Wise.)
Correspondence Number—C63366

Comment deadline: September 30, 2011
Amikacin

C22 H43 N5 O13

585.60

d-Streptamine, O-3-amino-3-deoxy- -d-glucopyranosyl-(1®6)-O-[6-amino-6-deoxy- -dglucopyranosyl(1®4)]-N1-(4-amino-2-hydroxy-1-oxobutyl)-2-deoxy-, (S)-;
O-3-Amino-3-deoxy- -d-glucopyranosyl(1®4)-O-[6-amino-6-deoxy- -dglucopyranosyl(1®6)]-N3-(4-amino-l-2-hydroxybutyryl)-2-deoxy-l-streptamine
[37517-285].
DEFINITION
Amikacin has a potency of NLT 900 µg/mg of C22 H43 N5 O13 , calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test

201

PF 37(4): Jul.-Aug. 2011

Infrared Absorption 197K
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2S (USP35)

Standard solution and Sample solution: 6 mg/mL
Solution A: Standard solution and the Sample solution (1:1)
Application volume: 3 µL
Developing solvent system: Methanol, chloroform, and ammonium hydroxide (12:5:7)
Spray reagent: 10 mg/mL of ninhydrin in a mixture of butyl alcohol and pyridine (100:1)
Analysis
Samples: Standard solution, Sample solution, and Solution A
Proceed as directed in the chapter, except to develop the chromatogram by continuous
flow for 5.5 h. Remove the plate from the chamber, allow the solvent to evaporate, and
heat the plate at 110 for 15 min. Spray the plate with Spray reagent, and immediately
locate the spots.
Acceptance criteria: Amikacin appears as a pink spot, and the spots obtained from the
Sample solution and Solution A correspond in distance from the origin to that obtained
from the Standard solution.
2S (USP35)

• B. The retention time of the peak for amikacin of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.115 N sodium hydroxide
System suitability solution: 0.02 mg/mL of USP Amikacin RS and 0.008 mg/mL of USP
Kanamycin Sulfate RS in water
Standard solution: 0.02 mg/mL of USP Amikacin RS in water
Sample solution: 0.02 mg/mL of Amikacin in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Electrochemical
Detector mode: Integrated amperometric mode
Electrodes
Working: Gold
Reference: Silver–silver chloride
Detector settings: See Table 1.
Range: 300 nC
Output: 1 V full scale
Rise time: 0.5 s
Polarity: Positive
2S (USP35)

Table 1
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Potential
No.
E1
E2
E3

V

Time
(ms)

0.04200
0.8 190
0.8190

Columns
Guard: Packing L47
Analytical: 4-mm × 25-cm;
10-µm 2S (USP35)
packing L47
Flow rate: 0.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for kanamycin and amikacin are 0.8 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 3 between kanamycin and amikacin, System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 3%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of amikacin (C22 H43 N5 O13 ) in each mg of Amikacin taken:
Result = (rU/rS) × (CS/CU) × P × F
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Amikacin RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= potency of amikacin in USP Amikacin RS (mg/mg)
F= conversion factor, 1000 µg/mg
Acceptance criteria: NLT 900 µg/mg on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 1.0%, the charred residue being moistened with 2 mL of
nitric acid and 5 drops of sulfuric acid
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in water
Acceptance criteria: +97 to +105
• Crystallinity

695 : Meets the requirements
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• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: 9.5–11.5
• Water Determination, Method I 921 : NMT 8.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Amikacin RS
USP Kanamycin Sulfate RS

11

BRIEFING
Amikacin Sulfate, USP 34 page 1846. As part of the USP monograph modernization initiative,
the test for Identification is revised to replace the thin-layer chromatographic procedure
with an infrared absorption procedure. The inclusion of the infrared absorption test provides
two orthogonal procedures for the identification of this drug substance. An identification
test for the counter-ion, sulfate, is also added. The chemical formula for the 1: 1.8 salt is
updated. The Assay is updated to include the particle size of the analytical column and to
delete the data recorder settings. The USP Reference Standards section is updated to
include USP Amikacin Sulfate RS, which is solely for use in Identification test A.
(SM1: A. Wise.)
Correspondence Number—C94114

Comment deadline: September 30, 2011
Amikacin Sulfate
Change to read:

C22 H43 N5 O13 ·H2 SO4
C22 H43 N5 O13 ·1.8H2 SO4

2S (USP35)

762.15
C22 H43 N5 O13 ·2H2 SO4
D -Streptamine,

781.76

O-3-amino-3-deoxy- - D -glucopyranosyl-(1®6)-O-[6-amino-6-deoxy- - D glucopyranosyl-(1®4)]-N1-(4-amino-2-hydroxy-1-oxobutyl)-2-deoxy-, (S)-, sulfate (1:2 or 1:
1.8) (salt);
O-3-Amino-3-deoxy- - D -glucopyranosyl-(1®4)-O-[6-amino-6-deoxy- - D -glucopyranosyl(1®6)]-N3-(4-amino-l-2-hydroxybutyryl)-2-deoxy-l-streptamine sulfate (1:2 or 1: 1.8))
[39831-55-5].
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DEFINITION
Amikacin Sulfate having a molar ratio of amikacin to H2 SO4 of 1:2 contains the equivalent of
NLT 674 µg/mg and NMT 786 µg/mg of C22 H43 N5 O13 , calculated on the dried basis; Amikacin
Sulfate having a molar ratio of amikacin to H2 SO4 of 1: 1.8 contains the equivalent of NLT 691
µg/mg and NMT 806 µg/mg of C22 H43 N5 O13 , calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test

201

Infrared Absorption 197K :
The IR absorption spectrum conforms to that of USP Amikacin Sulfate RS, similarly obtained.
2S (USP35)

Standard solution and Sample solution: 6 mg/mL in water
Solution A: Standard solution and Sample solution (1:1)
Application volume: 3 µL
Developing solvent system: Methanol, chloroform, and ammonium hydroxide (12:5:7)
Spray reagent: 10 mg/mL of ninhydrin in a mixture of butyl alcohol and pyridine (100:1)
Analysis
Samples: Standard solution, Sample solution, and Solution A
Proceed as directed in the chapter, except to develop the chromatogram by continuous flow
for 5.5 h. Remove the plate from the chamber, allow the solvent to evaporate, and heat the
plate at 110 for 15 min. Spray the plate with Spray reagent, and immediately locate the
spots.
Acceptance criteria: Amikacin appears as a pink spot, and the spots of the Sample solution
and Solution A correspond in distance from the origin to that of the Standard solution.
2S (USP35)

• B. The retention time of the peak for amikacin of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Add the following:
• C. Identification Tests—General, Sulfate

191 : Meets the requirements

2S (USP35)

ASSAY
Change to read:
• Procedure
Mobile phase: 0.115 N sodium hydroxide
System suitability solution: 0.02 mg/mL of USP Amikacin RS and 0.008 mg/mL of USP
Kanamycin Sulfate RS in water
Standard solution: 0.02 mg/mL of USP Amikacin RS in water
Sample solution: Equivalent to 0.02 mg/mL of amikacin, from Amikacin Sulfate, in water
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Electrochemical
Detector mode: Integrated amperometric mode
Electrodes
Working: Gold
Reference: Silver–silver chloride
Detector settings: See Table 1.
Range: 300 nC
Output: 1 V full scale
Rise time: 0.5 s
Polarity: Positive
2S (USP35)

Table 1
Potential
Time
(ms)
No.
V
E1
0.04200
E2
0.8 190
E3
0.8190
Columns
Guard: Packing L47
Analytical: 4-mm × 25-cm;
10-µm 2S (USP35)
packing L47
Flow rate: 0.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for kanamycin and amikacin are 0.8 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 3 between kanamycin and amikacin, System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 3%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of amikacin (C22 H43 N5 O13 ) in each mg of Amikacin Sulfate
taken:
Result = (rU/rS) × (CS/CU) × P × F
rU= peak area from the Sample solution
rS= peak area from the Standard solution
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C=
S concentration of USP Amikacin RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= potency of amikacin in USP Amikacin RS (mg/mg)
F= conversion factor, 1000 µg/mg
Acceptance criteria: See Table 2.
Table 2
Ratio of
Acceptance Criteria
amikacin:H2SO4
(µg/mg)a
1:2
674–786
1:1.8
691–806
a Calculated on the dried basis.
IMPURITIES
• Residue on Ignition 281 : NMT 1.0%, the charred residue being moistened with 2 mL of
nitric acid and 5 drops of sulfuric acid
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781
Sample solution: 20 mg/mL in water
Acceptance criteria: +76 to +84
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: See Table 3.
Table 3
Ratio of
amikacin:H2SO4 Acceptance Criteria
1:2
2.0–4.0
1:1.8
6.0–7.3
• Loss on Drying 731 : Dry 100 mg in a vacuum at a pressure not exceeding 5 mm of
mercury at 110 for 3 h: it loses NMT 13.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate whether its molar ratio of amikacin to H2 SO4 is 1:2 or 1: 1.8.
Change to read:
• USP Reference Standards
USP Amikacin RS
USP Amikacin Sulfate RS
USP Kanamycin Sulfate RS

11
2S (USP35)
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BRIEFING
Amikacin Sulfate Injection, USP 34 p. 1847. As part of the USP monograph modernization
initiative, the test for Identification is revised to delete the thin-layer chromatographic
procedure. The procedure requires equipment for continuous chromatography, which is not
readily available currently. The remaining HPLC retention time comparison test is adequate
for the identification of this drug product. The Assay is updated to include the particle size
of the analytical column and to delete the data recorder settings.
(SM1: A. Wise.)
Correspondence Number—C94172

Comment deadline: September 30, 2011
Amikacin Sulfate Injection
DEFINITION
Amikacin Sulfate Injection is a sterile solution of Amikacin Sulfate in Water for Injection, or of
Amikacin in Water for Injection prepared with the aid of Sulfuric Acid. It contains NLT 90.0%
and NMT 120.0% of the labeled amount of amikacin (C22 H43 N5 O13 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 6 mg/mL
Sample solution: 6 mg/mL
Solution A: Sample solution and the Standard solution (1:1)
Application volume: 3 µL
Developing solvent system: Methanol, chloroform, and ammonium hydroxide (12:5:7)
Spray reagent: 10 mg/mL of ninhydrin in a mixture of butyl alcohol and pyridine (100:1)
Analysis
Samples: Standard solution, Sample solution, and Solution A
Proceed as directed in the chapter, except to develop the chromatogram by continuous
flow for 5.5 h. Remove the plate from the chamber, allow the solvent to evaporate, and
heat the plate at 110 for 15 min. Spray the plate with Spray reagent, and immediately
locate the spots.
Acceptance criteria: Amikacin appears as a pink spot, and the spots obtained from the
Sample solution and the Solution A correspond in distance from the origin to that obtained
from the Standard solution. 2S (USP35)
Change to read:
• B.
A. 2S (USP35)
The retention time of the peak for amikacin of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Mobile phase: 0.115 N sodium hydroxide
System suitability solution: 0.02 mg/mL of USP Amikacin RS and 0.008 mg/mL of USP
Kanamycin Sulfate RS in water
Standard solution: 0.02 mg/mL of USP Amikacin RS in water
Sample solution: 0.02 mg/mL of amikacin, from the Injection in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Electrochemical
Detector mode: Integrated amperometric mode
Electrodes
Working: Gold
Reference: Silver–silver chloride
Detector settings: See Table 1.
Range: 300 nC
Output: 1 V full scale
Rise time: 0.5 s
Polarity: Positive
2S (USP35)

Table 1
Potential
Time
(ms)
No.
V
E1
0.04200
E2
0.8 190
E3
0.8190
Columns
Guard: Packing L47
Analytical: 4-mm × 25-cm;
10-µm 2S (USP35)
packing L47
Flow rate: 0.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for kanamycin and amikacin are 0.8 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 3 between kanamycin and amikacin, System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 3%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amikacin (C22 H43 N5 O13 ) in each mL of Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Amikacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of amikacin in the Sample solution
P= potency of amikacin in USP Amikacin RS (mg/mg)
Acceptance criteria: 90.0%–120.0%
SPECIFIC TESTS
• pH

791 : 3.5–5.5

• Particulate Matter in Injections
injections
• Bacterial Endotoxins Test

788 : Meets the requirements for small-volume

85 : NMT 0.33 USP Endotoxin Unit/mg of amikacin

• Other Requirements: Meets the requirements under Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or in multiple-dose containers, preferably
of Type I or Type III glass.
• USP Reference Standards
USP Amikacin RS
USP Endotoxin RS
USP Kanamycin Sulfate RS

11

BRIEFING
Atracurium Besylate, USP 34 page 1953. On the basis of comments received, the following
changes are proposed to make the monograph consistent with the Atracurium Besylate
monograph in the European Pharmacopoeia, 7th edition.
1.
Revise the Mobile phase gradient table in the Assay.
2.
Revise the Resolution system suitability requirement in the Assay.
3.
Clarify that the Relative standard deviation system suitability requirement in the Assay
is for the atracurium cis-cis isomer.
4.
Remove the internal cross reference of Procedure 1: Organic Impurities procedure to
the Assay. The typical retention time for the atracurium cis-cis isomer is about 30
min.
5.
Rename methyl benzenesulfonate impurity as Impurity J.
6.
Remove system suitability requirements in the test for Limit of Impurity J (Methyl
Benzenesulfonate).
7.
Remove the Limit of Toluene test.
(SM4: H. Ramanathan, R. Ravichandran.)
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Correspondence Number—C87447

Comment deadline: September 30, 2011
Atracurium Besylate

C65 H82 N2 O18 S2

1243.48

Isoquinolinium, 2,2¢-[1,5-pentanediylbis[oxy(3-oxo-3,1-propanediyl)]]bis[1-[(3,4dimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-, dibenzenesulfonate;
2-(2-Carboxyethyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium
benzenesulfonate, pentamethylene ester
[64228-81-5].
DEFINITION
Atracurium Besylate contains NLT 96.0% and NMT 102.0% of C65 H82 N2 O18 S2 , calculated on the
anhydrous basis. It contains NLT 5.0% and NMT 6.5% of the trans-trans isomer, NLT 34.5%
and NMT 38.5% of the cis-trans isomer, and NLT 55.0% and NMT 60.0% of the cis-cis isomer.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention times of the three main isomeric peaks of the Sample solution correspond to
those of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 10.2 g of monobasic potassium phosphate in a 1000-mL volumetric flask. Dissolve in
950 mL of water. While stirring, adjust with phosphoric acid to a pH of 3.1, and dilute with
water to volume.
Solution A: Acetonitrile, methanol, and Buffer (20:5:75)
Solution B: Acetonitrile, methanol, and Buffer (20:30:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
5
80
20
15
40
60
25
40
60
30
0
100
45
0
100
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Time
Solution A Solution B
(min)
(%)
(%)
50
80
20 2S (USP35)
Standard solution: 1 mg/mL of USP Atracurium Besylate RS in Solution A
Sample solution: 1 mg/mL of Atracurium Besylate in Solution A
Chromatographic system
(See Chromatography, 621
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP35)

System Suitability.)

base-deactivated packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—Refer to Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.1 between the trans-trans isomer and the cis-trans isomer and between
the cis-trans isomer and the cis-cis isomer
NLT 1.5 between the atracurium trans-trans isomer and the cis-trans isomer peaks; NLT
1.5 between the atracurium cis-trans isomer and the cis-cis isomer peaks 2S (USP35)
Relative standard deviation: NMT 2.0%,
for the cis-cis isomer peak 2S (USP35)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of atracurium besylate (C65 H82 N2 O18 S2 ) in the portion of Atracurium
Besylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak responses for the trans-trans isomer, the trans-cis isomer, and the cis-cis
isomer from the Sample solution
rS= sum of the peak responses for the trans-trans isomer, the trans-cis isomer, and the cis-cis
isomer from the Standard solution
C=
S concentration of USP Atracurium Besylate RS in the Standard solution (mg/mL)
C=
U concentration of Atracurium Besylate in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0%, calculated on the anhydrous basis. It contains NLT 5.0%
and NMT 6.5% of the trans-trans isomer, NLT 34.5% and NMT 38.5% of the cis-trans isomer,
and NLT 55.0% and NMT 60.0% of the cis-cis isomer.
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
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• Heavy Metals, Method II 231 : 20 ppm
Change to read:
• Organic Impurities
Buffer, Solution A, Solution B, and Mobile phase: Proceed as directed in the Assay.
Standard solution: 1.0 mL of the Standard solution, prepared as directed in the Assay,
diluted in Solution A to 100 mL
Chromatographic system, System suitability, and Sample solution: Proceed as
directed in the Assay. [Note—For identification purposes, the relative retention time for
laudanosine is 0.3. ]
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure all of the peak responses, except the three main
isomeric peaks.
Calculate the percentage of each impurity in the portion of C65 H82 N2 O18 S2 taken:
Result = (ri/rS) × (CS/CU) × (1/F) × 100
ri= peak response for each impurity from the Sample solution
rS= cis-cis isomer peak response from the Standard solution
C=
S concentration of the cis-cis isomer in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor of the impurity peak, which is 1.9 for laudanosine and 1.0 for
all other unidentified impurities
Acceptance criteria
Laudanosine: NMT 0.5%
Individual impurities: NMT 1.0%
Total impurities: NMT 3.5%
Buffer, Solution A, Solution B, Mobile phase, Chromatographic system, and Sample
solution: Proceed as directed in the Assay.
Standard solution: 0.01 mg/mL of USP Atracurium Besylate RS in Solution A
System suitability solution: 1 mg/mL of USP Atracurium Besylate RS in Solution A
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the atracurium trans-trans isomer and the cis-trans
isomer peaks; NLT 1.5 between the atracurium cis-trans isomer and the cis-cis
isomer peaks
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure all of the peak responses, except the three
main isomeric peaks.
Calculate the percentage of each impurity in the portion of Atracurium Besylate taken:
Result = (rU/rT) × (CS/CU) × (1/F) × 100
rU= peak response for each impurity from the Sample solution
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rT= sum of peak responses due to the atracurium cis-cis, trans-trans, and cis-trans
isomers from the Standard solution
C=
S concentration of USP Atracurium Besylate RS in the Standard solution (mg/mL)
C=
U concentration of Atracurium Besylate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
[Note—Disregard any peak less than 0.05%.]

Name
Impurity Ea
Impurity F b
Impurity G
(laudanosine)c
Impurity D
Atracurium trans-trans isomer
Atracurium cis-trans isomer
Atracurium cis-cis
isomer
Impurity A
Impurity I
Impurity H
Impurity K j
Impurity Bm
Impurity C
Any individual
impurity
Total impurities

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.2
0.25

1.0
1.0

1.5
1.0

0.3
0.45d and 0.5e
0.8
0.9

2.0
1.0
—
—

1.0
1.5p
—
—

1.0
1.04f and 1.08i
1.07g and 1.12k
1.07h and 1.12l
1.09 and 1.12
1.15
n
1.2 and 1.3o

—
1.0
1.0
1.0
1.0
1.0
1.0

—
1.5p
1.0p
1.0p
1.0p
0.1
1.0p

—
—

1.0
—

0.1
3.5
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a 3-[1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-2-methyl-1,2,3,4tetrahydroisoquinolinio]propanoate.
b 1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-2,2-dimethyl-1,2,3,4tetrahydroisoquinolinium.
c 1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinoline.
d trans Isomer of 1-(3,4-dimethoxybenzyl)-2-[3-[(5-hydroxypentyl)oxy]-3oxopropyl]-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium.
e cis Isomer of 1-(3,4-dimethoxybenzyl)-2-[3-[(5-hydroxypentyl)oxy]-3oxopropyl]-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium.
f cis-trans Isomer of 1-(3,4-dimethoxybenzyl)-2-[13-[1-(3,4-dimethoxybenzyl)6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl]-3,11-dioxo-4,10-dioxatridecyl]-6,7dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium.
g cis-trans Isomer of 2,2¢-[(3-methylpentane-1,5)-diylbis[oxy(3-oxopropane-1,3diyl)]]bis[1-(3,4-dimethoxybenzyl)-6,7-dimethoxy-2-methyl-1,2,3,4tetrahydroisoquinolinium].
h cis-trans Isomer of 2,2¢-[hexane-1,6-diylbis[oxy(3-oxopropane-1,3-diyl)]]bis[1(3,4-dimethoxybenzyl)-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium].
i cis-cis Isomer of 1-(3,4-dimethoxybenzyl)-2-[13-[1-(3,4-dimethoxybenzyl)-6,7dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl]-3,11-dioxo-4,10-dioxatridecyl]-6,7dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium.
j 2,2¢-[(Hexane-1,5)-diylbis(3-oxopropane-1,3-diyl)]]bis[1-(3,4-dimethoxybenzyl)6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium].
k cis-cis Isomer of 2,2¢-[(3-methylpentane-1,5)-diylbis[oxy(3-oxopropane-1,3diyl)]]bis[1-(3,4-dimethoxybenzyl)-6,7-dimethoxy-2-methyl-1,2,3,4tetrahydroisoquinolinium].
l cis-cis Isomer of 2,2¢-[hexane-1,6-diylbis[oxy(3-oxopropane-1,3-diyl)]]bis[1-(3,4dimethoxybenzyl)-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium].
m Pentane-1,5-diyl bis[3-[1-(3,4-dimethoxybenzyl)-6,7-dimethoxy-3,4dihydroisoquinolin-2(1H)-yl)propanoate].
n trans Isomer of 1-(3,4-dimethoxybenzyl)-2-(3,11-dioxo-4,10-dioxatridec-12enyl)-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium benzenesulfonate.
o cis Isomer of 1-(3,4-dimethoxybenzyl)-2-(3,11-dioxo-4,10-dioxatridec-12-enyl)6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydroisoquinolinium benzenesulfonate.
p Impurity consists of two isomers that are separated under these conditions;
integrate both peaks for the impurity calculations.
2S (USP35)

Change to read:
• Limit of
Impurity J 2S (USP35)
(Methyl Benzenesulfonate)
Buffer, Solution A, and Solution B: Prepare as directed in the Assay.
Standard stock solution: 0.2 mg/mL of
Impurity J 2S (USP35)
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(methyl benzenesulfonate) in acetonitrile
Standard solution: 1 µg/mL of
Impurity J 2S (USP35)
(methyl benzenesulfonate) in Solution A from Standard stock solution
Sample solution: 10 mg/mL of Atracurium Besylate in Solution A
System suitability solution: 0.1 mg/mL of atracurium besylate and 0.01 mg/mL of
(methyl benzenesulfonate) in Solution A, from Sample solution andStandard stock solution
respectively.
2S (USP35)

Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
5
80
20
15
75
25
25
75
25
30
55
45
38
0
100
45
0
100
Chromatographic system
Mode: LC
Detector: UV 217 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP35)
base-deactivated packing L1
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 12.0 between the trans-trans isomer and (methyl benzenesulfonate),
System suitability solution
Relative response: responses for duplicate injections differ from each other by NMT
12%, Standard solution
2S (USP35)

Analysis
Samples: Standard solution and Sample solution
Measure the responses for the
Impurity J 2S (USP35)
(methyl benzenesulfonate) peaks.
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Acceptance criteria: NMT 0.01%, the peak response of the Sample solution being NMT
that of the Standard solution
Delete the following:
• Limit of Toluene
Standard solution: 100 µg/mL of toluene in organic-free water (see Residual Solvents
467 )
Sample solution: 20 mg/mL of Atracurium Besylate in organic-free water (see Residual
Solvents 467 )
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica analytical column coated with a 5-µm chemically
cross-linked G27 stationary phase and a 0.53-mm × 5-m silica guard column deactivated
with phenylmethyl siloxane
Carrier gas: Helium with a linear velocity of 35 cm/s
[Note—When a makeup gas is used, nitrogen is recommended.]
Temperature
Injector: 70
Detector: 260
Column: See Table 4.
Table 4
Start
Ramp
End
Hold
Temperature
Temperature
Time
( /min)
(min)
( )
( )
35
—
35
5
35
8
175
—
175
35
260
16
Injection size: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 15% for the toluene peak
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: NMT 0.5% of toluene is found; the toluene peak from the Sample
solution is NMT the toluene peak of the Standard solution. 2S (USP35)
SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a cold place. [Note
—Atracurium Besylate is unstable at room temperature. ]
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• USP Reference Standards 11
USP Atracurium Besylate RS
BRIEFING
Atracurium Besylate Injection, USP 34 page 1955. On the basis of comments received, the
following changes are proposed in the Assay and the test for Organic Impurities so that
they are consistent with the Atracurium Besylate monograph in the European
Pharmacopoeia, 7th edition.
1.
Revise the Mobile phase gradient table in the Assay.
2.
Revise the Resolution system suitability requirement in the Assay.
3.
Clarify that the Relative standard deviation system suitability requirement in the Assay
is for the atracurium cis-cis isomer.
4.
Add column diameter information in the Assay.
5.
Revise the names of impurities and remove the System suitability solution in the test for
Organic Impurities.
6.
Include the relative response factor for Impurity G (laudanosine) in the test for Organic
Impurities.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C87447

Comment deadline: September 30, 2011
Atracurium Besylate Injection
DEFINITION
Atracurium Besylate Injection is a sterile solution containing NLT 90.0% and NMT 115.0% of the
labeled amount of atracurium besylate (C65 H82 N2 O18 S2 ). It contains an amount of the
trans-trans isomer equivalent to NLT 5.0% and NMT 6.5% of the labeled amount of atracurium
besylate, an amount of the cis-trans isomer equivalent to NLT 34.5% and NMT 38.5% of the
labeled amount of atracurium besylate, and an amount of the cis-cis isomer equivalent to NLT
55.0% and NMT 60.0% of the labeled amount of atracurium besylate.
[Note—The Injection is unstable at room temperature. Store all samples in the refrigerator.
Analyze all preparations as soon as possible, or use a refrigerated injector.]
IDENTIFICATION
• A. The retention times of the peaks of the three atracurium besylate isomers from the
Sample solution correspond to those from the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 10.2 g of monobasic potassium phosphate in a 1000-mL volumetric flask. Dissolve in
950 mL of water. While stirring, adjust with phosphoric acid to a pH of 3.1, and dilute with
water to volume.
Solution A: Acetonitrile, methanol, and Buffer (20:5:75)
Solution B: Acetonitrile, methanol, and Buffer (20:30:50)

PF 37(4): Jul.-Aug. 2011

269

Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
5
80
20
15
40
60
25
40
60
30
0
100
45
0
100
50
80
20 2S (USP35)
Standard solution: 1 mg/mL of USP Atracurium Besylate RS in Solution A
Sample solution: Nominally equivalent to 1 mg/mL of atracurium besylate from Injection in
Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP35)
base-deactivated packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—Refer to Table 2 under Organic Impurities for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the atracurium besylate trans-trans-isomer and the
cis-trans-isomer and between the atracurium besylate cis-trans-isomer and the cis-cisisomer
NLT 1.5 between the atracurium trans-trans isomer and the cis-trans isomer peaks; NLT
1.5 between the atracurium cis-trans isomer and the cis-cis isomer peaks 2S (USP35)
Relative standard deviation: NMT 2.0%,
for the cis-cis isomer peak 2S (USP35)
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the three atracurium besylate isomer peaks.
Calculate the percentage of the labeled amount of atracurium besylate (C65 H82 N2 O18 S2 ) in
each mL of the Injection taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= sum of the peak responses for the trans-trans isomer, the trans-cis isomer, and the cis-cis
isomer from the Sample solution
rS= sum of the peak responses for the trans-trans isomer, the trans-cis isomer, and the cis-cis
isomer from the Standard solution
C=
S concentration of USP Atracurium Besylate RS in the Standard solution (mg/mL)
C=
U nominal concentration of atracurium besylate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0% of the labeled amount of atracurium besylate (C65 H82
N2 O18 S2 ). It contains NLT 5.0% and NMT 6.5% of the trans-trans isomer, NLT 34.5% and NMT
38.5% of the cis-trans isomer, and NLT 55.0% and NMT 60.0% of the cis-cis isomer.
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard stock solution: 1 mg/mL of USP Atracurium Besylate RS in Solution A
Standard solution: 0.02 mg/mL of USP Atracurium Besylate RS in Solution A, from Standard
stock solution
System suitability solution: Heat a portion of the Standard stock solution at 90 for 30
min, and immediately chill to 5 .
2S (USP35)

System suitability
Samples: System suitability solution and
2S (USP35)

Standard solution
Suitability requirements
Resolution: NLT 1.5 between the atracurium trans-trans isomer and the cis-trans
isomer peaks; NLT 1.5 between the atracurium cis-trans isomer and the cis-cis isomer
peaks
2S (USP35)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Sample solution taken:
Result = (rU/rT) × (CS/CU) ×
(1/F) 2S (USP35)
× 100
rU = peak response for each impurity from the Sample solution
rT = sum of all the peak responses from the Standard solution
CS= concentration of USP Atracurium Besylate RS in the Standard solution (mg/mL)
CU= nominal concentration of atracurium besylate in the Sample solution (mg/mL)
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F= relative response factor (see Table 2)

2S (USP35)

Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Benzenesulfonic
acida
0.08
—
Acidic compound
0.22
1.0
Impurity G
(laudanosine)
0.29
2.0
cis- and trans-isomers of the hydroxy compound 0.44b and 0.50c
1.0
Atracurium trans-trans isomer
0.8
—
Atracurium cis-trans
isomer
0.9
—
Atracurium cis-cis
isomer
1.0
—
cis- and trans-Isomers of the monoacrylate
1.28d and 1.33e
1.0
Any individual unspecified degradation product
—
1.0
Total impurities
—
—
a For identification purposes only.
b cis Isomer of the hydroxy compound.
c trans Isomer of the hydroxy compound.
d cis Isomer of the monoacrylate.
e trans Isomer of the monoacrylate.
f Impurity consists of two isomers that are separated under these conditions;
peaks for the impurity calculations.

Acceptance
Criteria,
NMT (%)
—
6.0
3.0
6.0f
—
—
—
3.0f
0.1
15.0

integrate both

2S (USP35)

SPECIFIC TESTS
• pH

791 : 3.00–3.65

• Sterility Tests 71 : It meets the requirements when tested as directed for Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• Bacterial Endotoxins Test
atracurium besylate.
• Injections

85 : It contains NMT 5.56 USP Endotoxin Units/mg of

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, in a refrigerator, and protect from freezing. Protect from light.
• USP Reference Standards

11
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USP Atracurium Besylate RS
BRIEFING
Clonidine Hydrochloride, USP 34 page 2397. In conjunction with USP's monograph
modernization efforts, it is proposed to replace the currently official TLC-based Organic
Impurities procedure and the titration-based Assay procedure with a stability-indicating
HPLC procedure. The liquid chromatographic procedure in the test for Organic Impurities and
the Assay is based on analyses performed using a 10-µm, µ-bondapak column of packing L1.
The typical retention time for the clonidine peak is about 4.5 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C85002; C92517

Comment deadline: September 30, 2011
Clonidine Hydrochloride

C9 H9 Cl2 N3 ·HCl

266.55

Benzenamine, 2,6-dichloro-N-2-imidazolidinylidene-, monohydrochloride;
2-[(2,6-Dichlorophenyl)imino]imidazolidine monohydrochloride
[4205-91-8].
DEFINITION
Clonidine Hydrochloride contains NLT 98.5% and NMT 101.0% of clonidine hydrochloride
(C9 H9 Cl2 N3 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Analytical wavelength: 272 nm
Medium: 0.01 N hydrochloric acid
Sample solution: 330 µg/mL
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Sample solution: To 200 mg of Clonidine Hydrochloride in 80 mL of glacial acetic acid,
add 15 mL of mercuric acetate TS.
Analysis: Titrate with 0.1 N perchloric acid VS, using a glass electrode and a sleeve-type
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calomel electrode containing 0.1 N lithium perchlorate in glacial acetic acid (see
Titrimetry 541 ). Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N perchloric acid is equivalent to 26.66 mg of C9 H9 Cl2 N3 ·HCl.
Solution A: 1.0 mL/L of triethylamine in water
Mobile phase: Acetonitrile and Solution A (32:68). Adjust with phosphoric acid to a pH
of 6.9.
System suitability solution: 0.05 mg/mL each of USP Clonidine Hydrochloride RS and
USP Clonidine Related Compound A RS in Mobile Phase. Pass through a suitable filter of
0.45-µm pore size.
Standard solution: 0.05 mg/mL of USP Clonidine Hydrochloride RS in Mobile phase. Pass
through a suitable filter of 0.45-µm pore size.
Sample solution: 0.05 mg/mL of Clonidine Hydrochloride in Mobile phase. Pass through a
suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection size: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between clonidine and clonidine related compound A, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl) in the portion of
Clonidine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Clonidine Hydrochloride in the Sample solution (mg/mL)
2S (USP35)

Acceptance criteria: 98.5%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
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Procedure
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution A: 100 mg/mL of USP Clonidine Hydrochloride RS in methanol
Standard solution B: 100 µg/mL of USP Clonidine Hydrochloride RS from Standard
solution A in methanol
Sample solution: 100 mg/mL in methanol
Spray reagent: Starch–potassium iodide TS
Application volume: 2 µL
Developing solvent system: Toluene, dioxane, dehydrated alcohol, and ammonium
hydroxide (10:8:2:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. Develop
the chromatogram in a freshly prepared Developing solvent system, until the solvent
front has moved three-fourths of the length of the plate. Remove the plate from the
chamber, allow the solvent to evaporate, and dry it at 100 for 1 h. Dip the plate into
a dipping chamber filled to three-fourths of its height with sodium hypochlorite solution,
diluted to contain 0.5% available chlorine, dry in a fume hood with a current of air for 1
h, and spray with Spray reagent: the RF value of the principal spot from the Sample
solution corresponds to that of Standard solution A. Any other spot from the Sample
solution does not exceed, in size or intensity, the principal spot from Standard solution
B.
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 0.2%
Solution A and Mobile phase: Proceed as directed in the Assay.
Standard stock solution: 0.06 mg/mL each of USP Clonidine Hydrochloride RS, USP
Clonidine Related Compound A RS, and 2,6-dichloroaniline in acetonitrile. [Note—The
Standard stock solution is stable for 30 days when protected from light and stored in a
refrigerator. ]
Standard solution: 0.6 µg/mL of USP Clonidine Hydrochloride RS in Mobile phase from
the Standard stock solution. Pass through a suitable filter of 0.45-µm pore size.
Sample solution: 0.15 mg/mL of Clonidine Hydrochloride in Mobile phase. Initially add
Mobile phase to about 60% of the volume of the flask, sonicate for 5 min, and then
dilute with Mobile phase to volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection size: 50 µL
Run time: 6.6 times the retention time of the clonidine peak
System suitability
Sample: Standard solution
Suitability requirements
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Resolution: NLT 2.0 between clonidine related compound A and 2,6-dichloroaniline
Capacity factor, k¢ : NLT 1.7 for all peaks
Relative standard deviation: NMT 5% for all peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clonidine related compound A and 2,6-dichloroaniline in the
portion of Clonidine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clonidine related compound A or 2,6-dichloroaniline from the Sample
solution
rS= peak response of clonidine related compound A or 2,6-dichloroaniline from the
Standard solution
C=
S concentration of USP Clonidine Related Compound A RS or 2,6-dichloroaniline in the
Standard solution (mg/mL)
C=
U concentration of Clonidine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Clonidine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual impurity from the Sample solution
rS= peak response of clonidine from the Standard solution
C=
S concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Clonidine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Clonidine hydrochloride
1.0
—
a
Clonidine related compound A
2.5
0.1
2,6-Dichloroaniline
3.3
0.1
Any other individual unidentified impurity—
0.1
Total impuritiesb
—
0.2
a 2-(2,6-Dichlorophenylamino)-1-acetyl imidazole.
b Disregard any impurity less than or equal to 0.04%.
2S (USP35)

SPECIFIC TESTS
• pH

791 : 3.5–5.5 in a 50 mg/mL solution

• Loss on Drying 731 : Dry a sample at 105 to constant weight: it loses NMT 0.5% of its
weight.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
Change to read:
• USP Reference Standards 11
USP Clonidine Hydrochloride RS
USP Clonidine Related Compound A RS
1-Acetyl-2-(2,6-dichlorophenylamino)-2-(4,5-dihydroimidazole).
C11 H11 Cl2 N3 O
272.13 2S (USP35)
BRIEFING
Duloxetine Delayed-Release Capsules. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods is proposed. The liquid
chromatographic procedures in the Assay, Dissolution test, and test for Organic Impurities
are based on analyses performed with a Zorbax SB C8 brand of L7 column. BHK-Sil C8 and
ACT ACE C8 are suitable alternate columns for these procedures. The typical retention time
for duloxetine is about 2.6 min.
(SM4: H. Ramanathan, R. Ravichandran, M. Marques.)
Correspondence Number—C84612

Comment deadline: September 30, 2011
Add the following:
Duloxetine Delayed-Release Capsules
DEFINITION
Duloxetine Delayed-Release Capsules contain an amount of Duloxetine Hydrochloride equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of duloxetine (C18 H19 NOS).
IDENTIFICATION
• A. Infrared Absorption 197S
Spectral range: 1650 cm 1 to 900 cm 1
Standard: 1 mg/mL of USP Duloxetine Hydrochloride RS in methylene chloride. Shake the
contents, and sonicate for 1 min. Transfer 15 mL of filtrate into a separatory funnel, and
add 15 mL of pH 7.5 phosphate buffer. Collect the organic layer, and evaporate to
dryness. Redissolve the residue with a few drops of methylene chloride, and transfer to a
KBr or NaCl plate. Allow it to dry.
Sample: 1 mg/mL of duloxetine, from the contents of NLT 10 Capsules in methylene
chloride. Proceed as directed for the Standard.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect solutions of duloxetine from light.
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Buffer A: 3.4 g/L of monobasic potassium phosphate in water. To 1 L of this solution add
15 mL of triethylamine, and adjust with phosphoric acid to a pH of 5.5.
Buffer B: 0.2 g/L of monobasic ammonium phosphate and 4.5 g/L of dibasic potassium
phosphate in water. Adjust with phosphoric acid to a pH of 8.0.
Mobile phase: Methanol, tetrahydrofuran, and Buffer A (323:90:587)
Diluent: Methanol and Buffer B (50:50)
System suitability solution: 0.1 mg/mL USP Duloxetine Hydrochloride RS, 0.05 mg/mL of
1-naphthol, 0.01 mg/mL of USP Duloxetine Related Compound F RS, and 0.025 mg/mL of
USP Duloxetine Related Compound H RS, in Diluent. [Note—Add 1 mL of methanol before
diluting to volume to assist with dissolving contents. Duloxetine related compound H is
used for peak identification purposes in this solution. ]
Standard solution: 0.1 mg/mL of USP Duloxetine Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of duloxetine from the contents of NLT 5 Capsules,
in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

[Note—It is recommended to preheat the Mobile phase to 45 .]
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 7.5-cm; 3-µm packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection size: 10 µL
Run time: 6 times the retention time of duloxetine
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 under Organic impurities for relative retention times.]
Suitability requirements
Resolution: NLT 1.6 between duloxetine and duloxetine related compound F; NLT 2
between 1-naphthol and duloxetine related compound H, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of duloxetine (C18 H19 NOS) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Duloxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of duloxetine in the Sample solution (mg/mL)
Mr1
= molecular weight of duloxetine free base, 297.42
Mr2
= molecular weight of duloxetine hydrochloride, 333.88
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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• Dissolution 711
Acid stage medium: 0.1 N hydrochloric acid; 1000 mL
Time: 2 h
Buffer stage medium: pH 6.8 phosphate buffer; 1000 mL
Time: 60 min for Capsules containing 20% w/w pellets; 90 min for Capsules containing 32%
w/w pellets
Apparatus 1: 100 rpm
Buffer A and Mobile phase: Proceed as directed in the Assay.
Standard stock solution: 0.28 mg/mL of USP Duloxetine Hydrochloride RS in Buffer stage
medium. Use a small amount of methanol, not exceeding 2% of the final volume, to
dissolve duloxetine.
Acid stage standard solution: 2.3 µg/mL of duloxetine hydrochloride, from the Standard
stock solution diluted with Buffer stage medium
Buffer stage standard solution: 23 µg/mL of duloxetine hydrochloride, from the Standard
stock solution diluted with Buffer stage medium
Sample solution: After 2 h in the Acid stage medium, pass a portion of the solution under
test through a suitable filter. Transfer the basket containing the pellets to the vessel
containing the Buffer stage medium. After the appropriate time in the Buffer stage
medium, pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 7.5-cm; 3-µm packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Sample: Acid stage standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Acid stage standard solution, Buffer stage standard solution, and Sample
solution
Calculate the percentage of duloxetine released in the Acid stage medium (PA):
PA = [(rU/rS) + ((r2U/rS) ×1/F)] × CS/L × V × (Mr1/Mr2) × 100
rU= peak response of duloxetine from the Sample solution
rS= peak response of duloxetine from the Acid stage standard solution
r2U= peak response for 1-naphthol from the Sample solution
F = relative response factor for 1-naphthol, 0.49
CS= concentration of duloxetine in the Acid stage standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 1000 mL
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Mr1
= molecular weight of duloxetine free base, 297.42
Mr2
= molecular weight of duloxetine hydrochloride, 333.88
Calculate the percentage of duloxetine released in the Buffer stage medium:
Result = [(rU/rS) × CS/L × V × (Mr1/Mr2) × 100] + PA
rU= peak response of duloxetine from the Sample solution
rS= peak response of duloxetine from the Buffer stage standard solution
CS= concentration of duloxetine in the Buffer stage standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 1000 mL
Mr1
= molecular weight of duloxetine free base, 297.42
Mr2
= molecular weight of duloxetine hydrochloride, 333.88
PA= percentage of duloxetine released in the Acid stage medium
Tolerances
Acid stage: No individual unit releases more than 10% of the labeled amount of
duloxetine in 2 h.
Buffer stage
For Capsules containing 20% w/w pellets: NLT 75% (Q) of the labeled amount of
duloxetine is dissolved in 60 min.
For Capsules labeled to contain 32% w/w pellets: NLT 75% (Q) of the labeled
amount of duloxetine is dissolved in 90 min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Protect solutions of duloxetine from light.
Buffer A, Buffer B, Mobile phase, Diluent, System suitability solution, Standard
solution, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from Sample solution
r=
T sum of the responses of all the peaks from Sample solution
Acceptance criteria: See Table 1.
Table 1
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Name

Relative
Retention
Time
1.0
1.1
1.5
Relative
2.2 Retention
— Time
—

Acceptance
Criteria
NMT (%)
—
—
—
Acceptance
0.2 Criteria
0.2 NMT (%)
0.4

Duloxetine
Duloxetine related compound F a,d
1-Naphtholb,d
Name
Duloxetine related compound Hc
Any individual unspecified degradation product
Total impurities
a (S)-N-Methyl-3-(naphthalen-1-yloxy)-3-(thiophen-3-yl)propan-1-amine hydrochloride.
b Napthalen-1-ol.
c (S)-4-{Methyl[3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)
propyl]amino}-4-oxobutanoic acid.
d For system suitability purposes only.
ADDITIONAL REQUIREMENTS
• Packaging And Storage: Preserve in tight containers. Store at controlled room
temperature.
• USP Reference Standards 11 :
USP Duloxetine Hydrochloride RS
USP Duloxetine Related Compound F RS
(S)-N-Methyl-3-(naphthalen-1-yloxy)-3-(thiophen-3-yl)propan-1-amine
hydrochloride.
C18 H19 NOS· HCl
333.88
USP Duloxetine Related Compound H RS
(S)-4-{Methyl[3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)propyl]amino}-4-oxobutanoic
acid.
C22 H23 NO4 S
397.49
2S (USP35)

BRIEFING
Duloxetine Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph based on validated methods is proposed. The liquid
chromatographic procedures in the Assay and in the test for Organic Impurities are based
on analyses performed with the Zorbax SB C8 brand of L7 column. The typical retention time
for duloxetine is 15 min. The liquid chromatographic procedure in the test for Limit of
Duloxetine Related Compound A is based on analyses performed with a Chiralcel OD-H brand
of L40 column. The typical retention time for duloxetine is about 6.6 min.
(SM4: H. Ramanathan, R.Ravichandran.)
Correspondence Number—C89674

Comment deadline: September 30, 2011
Add the following:
Duloxetine Hydrochloride
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333.88

2-Thiophenepropanamine, N-methyl- -(1-naphthalenyloxy)-, hydrochloride, (S)-;
(+)-(S)-N-Methyl- -(1-naphthyloxy)-2-thiophenepropylamine hydrochloride

[136434-34-9].

DEFINITION
Duloxetine Hydrochloride contains NLT 97.0% and NMT 102.0% of C18 H19 NOS·HCl, calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak in the Sample solution corresponds to that of the
duloxetine S-isomer from the System suitability solution in the test for Limit of Duloxetine
Related Compound A.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Protect solutions of duloxetine from light.
Buffer: 2.9 g/L of phosphoric acid in water. Adjust with sodium hydroxide solution to a pH
of 2.5. To each L of this solution add 10.3 g of sodium 1-hexanesulfonate monohydrate,
and dissolve.
Mobile phase: Acetonitrile, n-propanol, and Buffer (13:17:70)
Diluent: Acetonitrile and water (25:75)
System suitability solution: 0.2 mg/mL of USP Duloxetine Hydrochloride RS in Mobile
phase. Heat a portion at 40 for 1 h. [Note—The resulting solution contains duloxetine
impurity B, duloxetine impurity C, duloxetine impurity D, duloxetine impurity E, and
duloxetine related compound F. ]
Standard solution: 0.1 mg/mL of USP Duloxetine Hydrochloride RS in Diluent
Sample solution: 0.1 mg/mL of Duloxetine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 40 ± 3
Flow rate: 1 mL/min
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Injection size: 10 µL
Run time: 2 times the retention time of duloxetine
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between duloxetine and duloxetine related compound F peaks
Tailing factor: NMT 1.5 for the duloxetine peak
Relative standard deviation: NMT 1.0% for the duloxetine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of duloxetine hydrochloride (C18 H19 NOS·HCl) in the portion of
sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Duloxetine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Duloxetine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
• Heavy Metals, Method II 231 : NMT 10 ppm
• Residue On Ignition 281 : NMT 0.2%
• Organic Impurities
Protect solutions of duloxetine from light.
Buffer, Mobile phase, Diluent, and System suitability solution: Proceed as directed in
the Assay.
Sensitivity solution: 0.2 µg/mL of USP Duloxetine Hydrochloride RS in Diluent
Sample solution: 0.2 mg/mL of Duloxetine Hydrochloride in Diluent
Chromatographic system: Proceed as directed in the Assay
Run time: 2.4 times the retention time of duloxetine
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between duloxetine impurity C and duloxetine impurity D; NLT 1.5
between duloxetine and duloxetine related compound F, System suitability solution
Tailing factor: NMT 1.5 for the duloxetine peak, System suitability solution
Relative standard deviation: NMT 1.0% for the duloxetine peak, System suitability
solution
Signal-to-noise ratio: NLT 20 for the duloxetine peak, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of Duloxetine
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Hydrochloride taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Name

Table 1
Relative
Retention
Tme
0.15
0.43
0.48
0.74
1.0
1.1
1.4
—
—

Relative
Response
Factor
0.36
1.0
1.8
1.0
—
1.0
0.51
1.0
—

Acceptance
Criteria
NMT (%)

Duloxetine impurity Ba,g
—
Duloxetine impurity Cb,g
—
Duloxetine impurity Dc,g
—
Duloxetine impurity Ed,g
—
Duloxetine
—
e
Duloxetine related compound F
0.5
Duloxetine impurity G f ,g
—
Any individual unspecified impurity
0.1
Total impurities
0.6
a 3-(Methylamino)-1-(thiophen-2-yl)propan-1-ol.
b 4-[3-(Methylamino)-1-(thiophen-2-yl)propyl]naphthalen-1-ol.
c Naphthalen-1-ol.
d 1-(3-(Methylamino)-1-(thiophen-2-yl)propyl)naphthalen-2-ol.
e (S)-N-Methyl-3-(naphthalen-1-yloxy)-3-(thiophen-3-yl)propan-1-amine hydrochloride.
f 1-Fluoronaphthalene.
g Controlled at Any individual unspecified impurity level.
• Limit of Duloxetine Related Compound A
Mobile phase: Hexane and isopropyl alcohol (83:17). To 1 L of this mixture add 2 mL of
diethylamine.
System suitability solution: 0.1 mg/mL each of USP Duloxetine Hydrochloride RS and USP
Duloxetine Related Compound A RS in Mobile phase. Sonication may be used to aid in
dissolution.
Sensitivity solution: 0.1 µg/mL of USP Duloxetine Hydrochloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Duloxetine Hydrochloride in Mobile phase. Sonication may
be used to aid in dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L40
Column temperature: 40
Flow rate: 1 mL/min
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Injection size: 10 µL
Run time: 2 times the retention time of duloxetine
System suitability
Samples: Sensitivity solution and System suitability solution
[Note—The relative retention times for duloxetine and duloxetine related compound A are
1.0 and 1.3, respectively.]
Suitability requirements
Resolution: NLT 3.5 between duloxetine and duloxetine related compound A, System
suitability solution
Tailing: Between 0.8 and 1.5 each for duloxetine and duloxetine related compound A
peaks, System suitability solution
Relative standard deviation: NMT 5.0% for the duloxetine peak, System suitability
solution
Signal-to-noise ratio: NLT 3, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of duloxetine related compound A in the portion of Duloxetine
Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response for duloxetine related compound A from the Sample solution
r=
T sum of the responses of duloxetine and duloxetine related compound A peaks from the
Sample solution
Acceptance criteria: NMT 0.5%
SPECIFIC TESTS
• Loss On Drying 731 : Dry at 105 for 3 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging And Storage: Protect from light. Store at room temperature.
• USP Reference Standards 11 :
USP Duloxetine Hydrochloride RS
USP Duloxetine Related Compound A RS
(R)-N-Methyl-3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)propan-1-amine
hydrochloride.
C18 H19 NOS·HCl
333.88
2S (USP35)

BRIEFING
Esmolol Hydrochloride. Because there is no existing USP monograph for this drug substance,
a new monograph is being proposed based on validated methods. The proposed liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on
analyses performed using a Waters Bondapack 10-µm column containing packing L1. The
typical retention time for esmolol in the Assay and the test for Organic Impurities is about
4.8 min.
(SM2: S. Ramakrishna.)
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Correspondence Number—C64274

Comment deadline: September 30, 2011
Add the following:
Esmolol Hydrochloride

C16 H25 NO4 ·HCl

331.83

Benzenepropanoic acid, 4-[2-hydroxy-3-[(1-methylethyl)amino]propoxy]-, methyl ester,
hydrochloride, (±);
(±)-Methyl p-[2-hydroxy-3-(isopropylamino)propoxy]hydrocinnamate hydrochloride
[8116117-3].
DEFINITION
Esmolol Hydrochloride contains NLT 98.0% and NMT 102.0% of C16 H25 NO4 ·HCl, calculated on
the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 3.0 g of potassium dihydrogen phosphate in 650 mL of water.
Mobile phase: Acetonitrile, methanol, and Buffer (15:20:65)
System suitability stock solution: 1 mg/mL of esmolol hydrochloride prepared as follows:
Transfer a suitable quantity of USP Esmolol Hydrochloride RS to a suitable volumetric flask,
and dissolve in and dilute with 1 N hydrochloric acid to volume. Allow the contents to
stand for at least 30 min. [Note—This results in the partial degradation of the esmolol
resulting in the production of esmolol free acid (see System suitability for relative
retention time). ]
System suitability solution: 0.2 mg/mL in water from System suitability stock solution
Standard solution: 200 µg/mL of USP Esmolol Hydrochloride RS in water
Sample solution: 200 µg/mL of Esmolol Hydrochloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 3.9-mm × 30-cm; 10-µm; L1 packing
Flow rate: 2 mL/min
Injection size: 20 µL
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for esmolol free acid and esmolol are 0.41 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 4.0 between esmolol free acid and esmolol, System suitability solution
Tailing factor: NMT 2.0 for the esmolol peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of esmolol hydrochloride (C16 H25 NO4 ·HCl) in the portion of the
sample taken:
Result = (rU/rS) × (CS/CU) ×100
rU= peak response of esmolol from the Sample solution
rS= peak response of esmolol from the Standard solution
C=
S concentration of USP Esmolol Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Esmolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals 231
Standard solution: Into a 50-mL color-comparison tube pipet 2 mL of Standard Lead
Solution (20 µg of Pb), and dilute with water to 25 mL. Using a pH meter or short-range
pH indicator paper as external indicator, adjust with 1 N acetic acid to a pH between 3.0
and 4.0, dilute with water to 40 mL, and mix.
Sample solution: Into a 50-mL color-comparison tube dissolve 1 g of the sample in water,
and dilute with water to 25 mL. Using a pH meter or short-range pH indicator paper as
external indicator, adjust with 1 N acetic acid to a pH between 3.0 and 4.0, dilute with
water to 40 mL, and mix.
Analysis
Samples: Standard solution and Sample solution
To each of the tubes add 10 mL of hydrogen sulfide TS, and mix. Allow to stand for 2 min.
View downward into the tube over a white background.
Acceptance criteria: The color of the Sample solution is not darker than the color of the
Standard solution (NMT 20 ppm).
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Buffer and System suitability solution: Prepare as directed in the Assay.
Solution A: Methanol
Solution B: Prepare as directed for Mobile phase in the Assay.
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
0
100
20
0
100
25
25
75
35
25
75
36
0
100
40
0
100
Sample solution: 1 mg/mL of Esmolol Hydrochloride in water
Chromatographic system: Prepare as directed in the Assay.
Column temperature: 30
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between esmolol free acid and esmolol
Tailing factor: NMT 2.0 for the esmolol peak
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Esmolol Hydrochloride
taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Esmolol free acida
0.43
0.3
b
Esmolol dimer
0.65
0.15
Esmolol aminopentanol analogc
0.84
0.10
Esmolol
1.0
—
Any other individual unidentified impurity
—
0.10
Total impuritiesd
—
0.7
a 3-{4-[2-Hydroxy-3-(isopropylamino)propoxy]phenyl}propanoic acid.
b Methyl 3-{4-[2-hydroxy-3-(3-{4-[2-hydroxy-3-(isopropylamino)propoxy]phenyl}-Nisopropylpropanamido)propoxy]phenyl}propanoate.
c Methyl 3-[4-(5-amino-2-hydroxypentyloxy)phenyl]propanoate.
d Disregard any peak below 0.05%.
SPECIFIC TESTS
• pH

791 : 3.0–5.0
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• Water Determination 921 , Method Ia: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from freezing, and store at controlled room temperature.
• USP Reference Standards 11
USP Esmolol Hydrochloride RS
Benzenepropanoic acid, 4-[2-hydroxy-3-[(1-methylethyl)-amino]propoxy]-, methyl
ester, hydrochloride, (+/-)-.
C16 H25 NO4 ·HCl
331.83
2S (USP35)

BRIEFING
Glucagon, USP 34 page 2977 and page 1148 of PF 35(5) [Sept.–Oct. 2009]. The following
revisions are proposed.
1.
The Glucagon source (see the chemical name) is changed.
2.
The Definition is revised to define Glucagon of a recombinant DNA origin. The potency is
to be determined by a validated bioassay approved by a competent authority.
3.
Identification test A is revised to use the Assay retention times. Identification test B,
which uses peptide mapping, is added.
4.
The animal-based Assay is replaced with an HPLC Assay. The LC method was validated
using a 3-mm × 15-cm column containing 3-µm packing L1.
5.
In Other Components, the test for Nitrogen Determination is deleted.
6.
The tests for Residue on Ignition and Zinc Determination are deleted.
7.
The Organic Impurities test has been replaced with a test based on the
chromatographic procedure used in the Assay.
8.
In Specific Tests, the Water Determination test is revised, and a Bacterial Endotoxins
test is added.
9.
The current USP Reference Standards are replaced with USP rGlucagon RS and USP
Endotoxin RS for use in the revised text. As noted in item 2 above, USP intends to
release a USP rGlucagon RS of recombinant origin.
10.
The specification for units of activity is revised to a more definitive limit of not less that
0.80 USP units/mg of activity.
(BB PP: T. Sigambris.)
Correspondence Number—C87124

Comment deadline: September 30, 2011
Glucagon
Change to read:

C153 H225 N43 O49 S
3482.75 2S (USP35)

Glucagon (pig);
2S (USP35)

3482.82
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2S (USP35)

[16941-32-5].
DEFINITION
Change to read:
Glucagon is a polypeptide hormone that has the property of increasing the concentration of
glucose in the blood. It is obtained from porcine and bovine pancreas glands.
Glucagon is a polypeptide hormone that has the property of increasing the concentration of
glucose in the blood. It has the same structure (29 amino acids) as the hormone produced by
the -cells of the human pancreas. Glucagon is produced by microbial processes using
recombinant DNA (rDNA) technology. The host cell–derived protein content and/or the host
cell–derived or vector-derived DNA content are determined by validated methods. During the
course of product development, it must be demonstrated that the manufacturing process
produces Glucagon having a biological activity of NLT 10.80 USP unit/mg, using a validated
bioassay approved by a competent authority. It contains NLT 90% and NMT 105% of
C153 H225 N43 O49 S, calculated on the anhydrous basis.
2S (USP35)

IDENTIFICATION
Delete the following:
• The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Procedure for Inorganic Impurities. 2S (USP35)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP35)
Add the following:
• B. Determine the peptide fragments, using the following peptide mapping procedure.
Ammonium bicarbonate buffer: Prepare a 1 M solution of ammonium bicarbonate, and
adjust with ammonia to a pH of 10.3. Prepare a mixture of 1 M ammonium bicarbonate and
water (1:9).
Enzyme solution: 2 mg/mL of -chymotrypsin (peptide mapping grade) in Ammonium
bicarbonate buffer.
Solution A: Prepare a degassed mixture of 0.5 mL of trifluoroacetic acid and 1000 mL of
water.
Solution B: Prepare a degassed mixture of 0.5 mL of trifluoroacetic acid, 600 mL of
ethanol, and 400 mL of water.
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
35
53
47
45
0
100
46
100
0
75
100
0
Standard digest solution: Prepare a 5-mg/mL solution of USP rGlucagon RS in 0.01 M
hydrochloric acid. Mix 200 µL of this solution with 800 µL of Ammonium bicarbonate
buffer. To this solution add 25 µL of Enzyme solution, and place in a closed vial at about
37 for 2 h. Remove the vial, and stop the reaction immediately by adding 120 µL of
glacial acetic acid.
Sample digest solution: Prepare a 5-mg/mL solution of Glucagon in 0.01 M hydrochloric
acid. Proceed as directed for Standard digest solution, beginning with “Mix 200 µL of this
solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.0-mm × 5-cm; 5-µm or less packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard digest solution
Suitability requirements
Chromatogram similarity: The chromatogram from the Standard digest solution is
similar to the reference chromatogram provided with the lot of USP rGlucagon RS being
used.
Analysis
Samples: Standard digest solution and Sample digest solution
Acceptance criteria: The chromatographic profile of the Sample digest solution
corresponds to that of the Standard digest solution.
2S (USP35)

ASSAY
Change to read:
• Procedure
[Note—All buffers have a final pH of 7.4, unless otherwise indicated. The concentration range
of the Standard solutions and the Sample solutions may be modified to fall within the linear
range of the Assay. The calculations should be adjusted accordingly. Alternatively, full
curve analysis using validated nonlinear statistical methods can be used, provided that
similarity is demonstrated when comparing the responses of the Standard solutions and the
Sample solutions.]
Hepatocyte Preparation
Calcium-free perfusion buffer with dextrose: Prepare a solution containing, in each L,
7.92 g of sodium chloride, 0.35 g of potassium chloride, 1.80 g of dextrose, 0.19 g of

PF 37(4): Jul.-Aug. 2011

291

edetic acid, and 2.38 g of N-2-hydroxyethylpiperazine-N¢-2-ethanesulfonic acid.
Oxygenate prior to circulation.
Collagenase buffer: Prepare a solution containing, in each L, 3.62 g of sodium chloride,
23.83 g of N-2-hydroxyethylpiperazine-N¢-2-ethanesulfonic acid, 0.35 g of potassium
chloride, 0.52 g of calcium chloride, and 1.8 g of dextrose. Adjust to a pH of 7.6, and
oxygenate. Immediately before perfusion, dissolve a quantity of collagenase in this
solution to obtain a concentration of 0.02% to 0.05%.
Wash buffer: Prepare a solution containing, in each L, 7.92 g of sodium chloride, 0.35 g
of potassium chloride, 0.19 g of edetic acid, 2.38 g of N-2-hydroxyethylpiperazine-N¢2-ethanesulfonic acid, 0.22 g of calcium chloride, and 0.12 g of magnesium sulfate.
Incubation buffer: Prepare a solution containing, in each L, 6.19 g of sodium chloride,
0.35 g of potassium chloride, 0.22 g of calcium chloride, 0.12 g of magnesium sulfate,
0.16 g of monobasic potassium phosphate, 11.915 g of N-2-hydroxyethylpiperazine-N¢2-ethanesulfonic acid, and 1% bovine serum albumin (BSA). Adjust to a pH of 7.5.
Test animals: Male Sprague-Dawley rats are maintained on a standard rat chow diet
and freely given water. On the morning of the test, select a healthy rat weighing
approximately 300 g, and administer 100 Units of Heparin Sodium subcutaneously.
Method
[Note—Conduct this Method in the morning to ensure that the rat has optimal glycogen
in its liver.]
Anesthetize the rat with an appropriate anesthetic. Open the abdominal cavity, and
isolate the portal vein. Insert an angiocatheter connected to a perfusion pump, and tie
into the portal vein at the general location of the lienal branch. Start the perfusion (25
mL/min) in situ with Calcium-free perfusion buffer with dextrose, equilibrated with
oxygen, at a temperature of 37 . As the liver enlarges, cut the inferior vena cava to
allow pressure equilibrium.
[Note—300 mL of the perfusate is needed to clear the liver of red blood cells at a flow
rate of 30–60 mL/min.]
Then circulate Collagenase buffer at a flow rate of 30–60 mL/min for 10 min. The exact
concentration of collagenase (within the range of 0.02%–0.05%) is determined
empirically for each lot of enzyme. The concentration of collagenase is that necessary
to consistently cause a breakdown of the liver 10 min after initial entry of the
Collagenase buffer into the liver. When the liver significantly increases in size, changes
color and consistency, and starts to leak perfusate out of the lobes, change the
system to the oxygenated prewarmed Wash buffer. 100 mL of Wash buffer is needed to
wash the liver of collagenase at a flow rate of 25 mL/min. Surgically remove the liver
from the animal, and place it in a prewarmed tray containing oxygenated Wash buffer
(37 ). Gently comb the liver with a stainless steel, fine-toothed comb to free the
hepatocytes. Wash the hepatocytes with Wash buffer, and filter through cheesecloth
(or a 150-µm mesh polyethylene net) into a plastic beaker. Centrifuge the cell
suspension for 2 min at 25 × g to form a loosely packed pellet. Discard the
supernatant, and resuspend the pellet in Wash buffer. Repeat the washing procedure
twice for a total of three washes. Resuspend the final pellet in 100–200 mL of
Incubation buffer, depending on cell yield.
[Note—If the Analysis is interrupted, cool the cells by collecting them in a beaker placed
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in ice. The cells are washed with ice-cold Wash buffer, and stored on ice until ready for
use. At that point the cells are pelleted once more, and resuspended in ice-cold
Incubation buffer.]
Suitability: The concentrations of cells may vary due to the collagenase activity and
the viability of the hepatocytes. To check cell viability and to determine viable cell
concentration, dilute duplicate 100-µL aliquots of cell suspension with 400 µL of Wash
buffer and 500 µL of isotonic 0.4% trypan blue. The aliquots are counted in a
hemocytometer. The cells are suspended in Incubation buffer to obtain a viable cell
concentration of NLT 3 × 106/mL. Count several distinct fields.
[Note—Viable cells are those cells that exclude the trypan blue.]
Negative control solution: Prepare a solution containing 0.5% BSA in sterile water.
Incubation flasks: Use 25-mL conical flasks, the bottoms of which have been heated
and pushed inward to form a conically raised center.
Standard solutions: In duplicate, dissolve a suitable quantity of USP Glucagon RS in
0.01 N hydrochloric acid or other suitable diluent to obtain a solution containing 1.0
USP Glucagon Unit/mL. All dilutions thereafter are made using 0.5% BSA (w/v) in water.
Accurately dilute measured volumes of each solution with Negative control solution to
obtain five concentrations (200, 100, 50, 25, and 12.5 micro-Units/mL) of each solution
(Standard solutions). Pipet 0.2 mL of each Standard solution into separate Incubation
flasks. Pipet 0.2 mL of Negative control solution into each of two flasks (Negative
control solutions 1 and 2). Then add the hepatocytes into each of the 12 flasks.
Sample solutions: Using quantities of Glucagon, proceed as directed for Standard
solutions.
d-Glucose Determination
Standard stock solution: Transfer 2.0 g of USP Dextrose RS to a 200-mL volumetric
flask, and dissolve in and dilute with saturated benzoic acid solution to volume.
Standard solutions: Transfer suitable quantities of Standard stock solution to three
flasks, and dilute with saturated benzoic acid solution to obtain solutions having known
concentrations of 0.5, 1.0, and 1.5 times the typical sample glucose concentration.
Potassium ferrocyanide solution: Dissolve 1.25 g of trihydrate potassium ferrocyanide
in 125 mL of Sterile Water for Injection
System suitability: Analyze the Potassium ferrocyanide solution, the Standard
solutions, and five replicates of the middle Standard solution. Prepare a standard curve
using the Standard solutions as directed for Analysis: the relative standard deviation of
the standard curve is NMT 2.0%; the response of the Potassium ferrocyanide solution
is NMT 30 mg/L; and the relative standard deviation is NMT 2.0% for the replicate
analyses of the middle Standard solution.
Analysis: Dispense 5 mL of Hepatocyte Preparation into the special incubation flasks in
sequence from high glucagon concentration to low glucagon concentration, alternating
the Standard solutions with the Sample solutions. The flasks are swirled in an orbiting
water bath at 125 rpm at 30 for approximately 30–60 min.
[Note—The exact incubation time must be determined to optimize the signal-to-noise
ratio.]
Following incubation, place 0.5- to 1.0-mL aliquots, in duplicate, from each incubation
flask into labeled tubes, and centrifuge at 12,500 × g. Determine the percentage of
glucose concentration in each flask's supernatant.
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To conform to the linear range of the instrument being used, it may be necessary to
adjust by dilution each of the preparations. Use a glucose analyzer that has
demonstrated appropriate specificity, accuracy, precision, and linear response over the
range of concentrations being determined.
[Note—A suitable analyzer may use an immobilized, oxidase-enzyme membrane or jacketgenerating hydrogen peroxide, which is then detected at the electrode.]
Perform the glucose analysis in the following sequence: Negative control solution 1,
Standard solutions, Sample solutions, and Negative control solution 2.
Determine the percentage of glucose against the Negative control solution for each
preparation.
Linearity test: Use an analysis of variance (ANOVA) with one sample assayed against a
standard, and using two replicates each, construct a table (see Table 1). Compare the
value of the ratio MSNL/MSRES1 to a critical value obtained from a table for an F
distribution with m –2 and 3m –3 degrees of freedom, where m is the number of dose
levels for each preparation. If the ratio MSNL/MSRES1 does not indicate the presence
of significant nonlinearity (ratio value is lower than the critical value), then proceed to
the test for parallelism. If the ratio exceeds the critical value (significance level of
0.025), the nonlinearity is statistically significant and the test is repeated, discarding
the results from either the highest or lowest dose of both the Standard solutions and
the Sample solutions (four dose levels). If the ratio MSNL/MSRES1 does not indicate
the presence of significant nonlinearity, then proceed to the test for parallelism.
Parallelism test: Compare the ratio MSNP/MSRES2 to a critical value obtained from an F
distribution having 1 and 4m –5 degrees of freedom. If the ratio MSNP/MSRES2 does
not indicate the presence of significant nonparallelism, then the assay is considered
valid. Use the appropriate dose levels for the estimation of the relative potency.
Relative potency: Calculate the relative potency, R, of the Sample solutions as
compared with the Standard solutions as follows:
(1) Xj is defined as the log10 of the jth dose of the Standard solutions or the Sample
solutions. The glucagon dose varies from 12.5 to 200 × 10–6 USP Glucagon Units/mL.
For ease in the subsequent calculations, these doses are respectively represented by 1
through 5, as shown in the table below.
j
Dose
Xj

1
12.5
1.10

2
25
1.40

3
50
1.70

4
100
2.00

5
200
2.30

(2) To differentiate between the Standard solutions and the Sample solutions in the
calculations, the subscript i will be used, with i = 1 to designate the Standard solutions
and i = 2 to designate the Sample solutions. Y ijk will denote the glucose concentration
associated with the kth replicate of the jth dose of the ith preparation. For example, Y 1jk
is the glucose concentration associated with the kth replicate of the jth dose of the
appropriate Standard preparation; Y 11k is the glucose concentration associated with
the kth replicate of dose 1 of the Standard preparation; and Y 21k is the glucose
concentration associated with the kth replicate of dose 1 of the Sample solution. Dose
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1 represents a glucose dose of 12.5 × 10 6 USP Glucagon Units/mL. Finally, Y 132
represents the glucose concentration associated with the 2nd replicate of dose 3 for
the Standard solution.
(3) Y S and Y t denote the average glucose concentrations for the Standard solutions and
the Sample solutions, respectively.
(4) Calculate the least-squares slope estimate, b, for a linear regression relating the Y ijk's
to the Xj's as follows: b = Sxy /Sxx, with Sxy and Sxx calculated using the equations in
Table 2.
(5) The log potency, M, is calculated using M = 1[(Y S

Y t)/b].

(6) R = antilog (M).
(7) Calculate the confidence limits (upper and lower) for the relative potency, R, using
the value s2 = MSRES3 (see Table 1 and Table 2) as follows. Obtain t from a table for a
t distribution having 4m – 4 degrees of freedom. For the 95% limits, the t values can be
obtained from Design and Analysis of Biological Assays

111 , Table 9.

[Note—For confidence limits having other probability levels (i.e., 100(1 – a)%), the right
tail t critical value having a/2 area to its right is used.]

and calculate
ML = (M

F)/(1

g)

MU = (M + F)/(1

g)

and

where M is the log potency and ML and MU are the log potency lower and upper
confidence limits. The lower and upper confidence limits for the relative potency, R, are
given by:
RL = antilog (ML )
RU = antilog (MU )
It meets the requirements if the potency is 0.8–1.25 USP Glucagon Units/mg, and the
confidence interval width at P = 0.95 does not exceed 45% of the computed potency.
Repeat the assay if the confidence interval width exceeds 45% of the computed
potency.
Table 1. ANOVA for the Rat Hepatocyte Assay for Glucagon
Degrees
SS
MS
Source
of Freedom
(Sum of Squares)
(Mean Square)
Preparations
1
SSPREP
MSPREP
Replicates1
SSREP
MSREP
Linear Slope
1
SSLIN
MSLIN
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Degrees
SS
MS
Source
of Freedom
(Sum of Squares)
(Mean Square)
Residual3 4m –4
SSRES3
MSRES3
Nonparallelism
1
SSNP
MSNP
Residual2 4m –5
SSRES2
MSRES2
Nonlinearity
m –2
SSNL
MSNL
Residual1 3m –3
SSRES1
MSRES1
TOTAL 4m –1
SST
[Note—This analysis pertains to one sample assayed against a standard, using two
replicates each.]
The number of dose levels for each preparation is denoted by m.
Table 2 gives the equations for calculating the SS terms.
In each row of the ANOVA table, the MS is obtained by dividing the SS term by the
degrees of freedom.
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Solution A: Dissolve 16.3 g of monobasic potassium phosphate in 750 mL of water,
adjust with phosphoric acid to a pH of 2.7 (±0.05), add water to 800 mL, add 200 mL of
acetonitrile, and degas.
Solution B: Prepare a degassed solution of acetonitrile and water (4:6).
Mobile phase: See Table 2. [Note—The ratio of Solution A to Solution B can be adjusted
to obtain a retention time of about 21 min for the main peak. ]
Table 2
Time
(min)

Solution A
(%)
61
61
12
12
61
61

Solution B
(%)
39
39
88
88
39
39

0
25a
29
30
31
70
a The end time of the isocratic elution can be adjusted so that the gradient begins
after the fourth desamido peak elutes (relative retention time about 1.4). The rest of
the program is then adjusted accordingly with this offset.
System suitability solution: Reconstitute a vial of USP rGlucagon RS in 0.01 N
hydrochloric acid to obtain a solution having a concentration of about 0.5 mg/mL. Let
stand at 50 for 48 h. At least 7% total of all four desamido glucagons should be
present in the solution.
Standard solution: Reconstitute a vial of USP rGlucagon RS in 0.01 N hydrochloric acid
to obtain a solution having a concentration of about 0.5 mg/mL.
Sample solution: 0.5 mg/mL of Glucagon in 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 3-mm × 15-cm; 3-µm packing L1
Column temperature: 45
Flow rate: 0.5 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: Four peaks eluting after the glucagon peak that correspond to the
desamido glucagons are clearly visible. The resolution between the main peak and
the first eluting desamido peak is NLT 1.5, System suitability solution
Tailing factor: NMT 1.8 for the glucagon peak, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glucagon (C153 H225 N43 O49 S) in the portion of Glucagon
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 90%–105% on the anhydrous basis

2S (USP35)

OTHER COMPONENTS
Delete the following:
• Nitrogen Determination, Method II 461 : 16.0%–18.5%, calculated on the anhydrous
basis 2S (USP35)
IMPURITIES
Delete the following:
• Residue on Ignition 281 : NMT 2.5%

USP35

Delete the following:
• Zinc Determination 591 : NMT 0.05%

2S (USP35)

Change to read:
• Organic Impurities
• Procedure
Solution A: 18.9 mg/mL of monobasic sodium phosphate and 0.327 mg/mL of l-cysteine in
water. Before diluting to final volume, adjust with phosphoric acid to a pH of 2.6.
Sample solvent: Acetonitrile and 0.01 N hydrochloric acid (20:80)
Mobile phase: Acetonitrile and Solution A (270:730)
Standard solution: 0.5 mg/mL of USP Glucagon RS in Sample solvent
Sample solution: 0.5 mg/mL of Glucagon in Sample solvent
System suitability solution: 0.5 mg/mL of USP Glucagon RS in Sample solvent
[Note—Heat the solution at 75 for at least 3 h to allow the formation of related substance
GLU (24) Glucagon.]
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 214
Column: 4.6 × 25m; 5-µm packing L7
Temperature: 35
Flow rate: 1 mL/min
Injection size: 50 µL
System suitability
Sample: System suitability solution
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Suitability requirements
Resolution: NLT 4.0 between the main peak and the large peak with a relative
retention time of 1.3
Tailing factor: NMT 1.7 for the glucagon peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Glucagon taken:
Result = (rI /rS) × (CS/CU ) × 100
rI= peak response for each individual impurity obtained from the Sample solution
rS= sum of the responses of all of the peaks
C=
S concentration of Standard solution (mg/mL)
C=
U nominal concentration of Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 2.5%
Total impurities: NMT 10.0%
Solution A, Solution B, Mobile phase, System suitability solution, Standard
solution, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Glucagon taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of the responses of all peaks
Acceptance criteria: NMT 2.0% total of all four desamido glucagons is found, and
NMT 6.0% of total impurities and related compounds is found.
2S (USP35)

SPECIFIC TESTS
Change to read:
• Water Determination, Method I
Method Ic 2S (USP35)
921 : NMT 10.0%
NMT 10%, determined on a 20- to 50-mg sample

2S (USP35)

Add the following:
• Bacterial Endotoxins Test
ADDITIONAL REQUIREMENTS
Change to read:

85 : NMT 10 USP Endotoxin Units/mg

2S (USP35)
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• Packaging and Storage: Preserve in tight glass containers, under nitrogen, in a refrigerator.
Preserve in airtight containers, protected from light, and store in a freezer. 2S (USP35)
Change to read:
• USP Reference Standards
USP Dextrose RS
USP Glucagon RS
USP Endotoxin RS
USP rGlucagon RS

11

2S (USP35)

BRIEFING
Glucagon for Injection, USP 34 page 2979 and page 1152 of PF 35(5) [Sept.–Oct. 2009]. It is
proposed to replace the animal-based assay with an HPLC assay. The LC method was
validated using a 3-mm × 15-cm column containing 3-µm packing L1. USP intends to release
USP rGlucagon RS of a recombinant origin. The following changes are also proposed:
1.
The Definition range is revised to NLT 65% and NMT 110% of the labeled amount.
2.
Identification test A is added to use the Assay retention time comparison.
3.
A test for Organic Impurities is added based on the same chromatographic procedure as
that of the Assay.
4.
A Labeling section is added to state that the material is of recombinant DNA origin.
5.
A bioidentity test referencing general chapter 123 is added as Identification test B.
6.
In the test for pH and Clarity of Solution the pH is revised from 1.7 to 3.0 to 1.7 to 3.5
to reflect all FDA approved products.
(BB PP: T. Sigambris.)
Correspondence Number—C87123

Comment deadline: September 30, 2011
Glucagon for Injection
DEFINITION
Change to read:
Glucagon for Injection is a mixture of the hydrochloride of Glucagon with one or more suitable
dry diluents. It contains NLT 80.0% and NMT 125.0% of the labeled amount of glucagon
(C153 H225 N43 O49 S).
Glucagon for Injection is a sterile lyophilized mixture of the hydrochloride of glucagon with one
or more suitable buffering and stabilizing agents. It contains NLT 65% and NMT 110% of the
labeled amount of glucagon.
2S (USP35)

IDENTIFICATION
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Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP35)
Add the following:
• B. Glucogen Bioidentity Tests

123 : Meets the requirements

2S (USP35)

ASSAY
Change to read:
• Procedure
[Note—All buffers have a final pH of 7.4, unless otherwise indicated. The concentration range
of the Standard solutions and the Sample solutions may be modified to fall within the linear
range of the Assay. The calculations should be adjusted accordingly. Alternatively, full
curve analysis using validated nonlinear statistical methods can be used, provided that
similarity is demonstrated when comparing the responses of the Standard solutions and the
Sample solutions.]
Hepatocyte preparation
Calcium-free perfusion buffer with dextrose: Prepare a solution containing, in each L,
7.92 g of sodium chloride, 0.35 g of potassium chloride, 1.80 g of dextrose, 0.19 g of
edetic acid, and 2.38 g of N-2-hydroxyethylpiperazine-N¢-2-ethanesulfonic acid.
Oxygenate prior to circulation.
Collagenase buffer: Prepare a solution containing, in each L, 3.62 g of sodium chloride,
23.83 g of N-2-hydroxyethylpiperazine-N¢-2-ethanesulfonic acid, 0.35 g of potassium
chloride, 0.52 g of calcium chloride, and 1.8 g of dextrose. Adjust to a pH of 7.6, and
oxygenate. Immediately before perfusion, dissolve a quantity of collagenase in this
solution to obtain a concentration of 0.02%–0.05%.
Wash buffer: Prepare a solution containing, in each L, 7.92 g of sodium chloride, 0.35 g
of potassium chloride, 0.19 g of edetic acid, 2.38 g of N-2-hydroxyethylpiperazine-N¢2-ethanesulfonic acid, 0.22 g of calcium chloride, and 0.12 g of magnesium sulfate.
Incubation buffer: Prepare a solution containing, in each L, 6.19 g of sodium chloride,
0.35 g of potassium chloride, 0.22 g of calcium chloride, 0.12 g of magnesium sulfate,
0.16 g of monobasic potassium phosphate, 11.915 g of N-2-hydroxyethylpiperazine-N¢2-ethanesulfonic acid, and 1% bovine serum albumin (BSA). Adjust to a pH of 7.5.
Test animals: Male Sprague-Dawley rats are maintained on a standard rat chow diet
and freely given water. On the morning of the test, select a healthy rat weighing
approximately 300 g, and administer 100 Units of Heparin Sodium subcutaneously.
Analysis
[Note—Conduct this Analysis in the morning to ensure that the rat has optimal glycogen
in its liver.]
Anesthetize the rat with an appropriate anesthetic. Open the abdominal cavity, and
isolate the portal vein. Insert an angiocatheter connected to a perfusion pump, and tie
into the portal vein at the general location of the lienal branch. Start the perfusion (25
mL/min) in situ with a Calcium-free perfusion buffer with dextrose, equilibrated with
oxygen, at a temperature of 37 . As the liver enlarges, cut the inferior vena cava to
allow pressure equilibrium.
[Note—300 mL of the perfusate is needed to clear the liver of red blood cells at a flow
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rate of 30–60 mL/min.]
Circulate the Collagenase buffer at a flow rate of 30–60 mL/min for 10 min. The exact
concentration of collagenase (within the range of 0.02%–0.05%) is determined
empirically for each lot of enzyme. The concentration of collagenase is that necessary
to consistently cause a breakdown of the liver 10 min after initial entry of the
Collagenase buffer into the liver. When the liver significantly increases in size, changes
color and consistency, and starts to leak perfusate out of the lobes, change the
system to the oxygenated prewarmed Wash buffer. Use 100 mL of Wash buffer to wash
the liver of collagenase at a flow rate of 25 mL/min. Surgically remove the liver from
the animal and place in a prewarmed tray containing oxygenated Wash buffer (37 ).
Gently comb the liver with a stainless steel, fine-toothed comb to free the
hepatocytes. Wash the hepatocytes with Wash buffer, and filter through cheesecloth
(or a 150-µm mesh polyethylene net) into a plastic beaker. Centrifuge the cell
suspension for 2 min at 25 × g to form a loosely packed pellet. Discard the
supernatant, and resuspend the pellet in Wash buffer. Repeat the washing Analysis
twice for a total of three washes. Resuspend the final pellet in 100–200 mL of
Incubation buffer, depending on cell yield.
[Note—If the Assay Analysis is interrupted, cool the cells by collecting the cells in a
beaker placed in ice. The cells are washed with ice-cold Wash buffer, and stored on ice
until ready for use. At that point the cells are pelleted once more, and resuspended in
ice-cold Incubation buffer.]
Suitability: The concentrations of cells may vary due to the collagenase activity and
the viability of the hepatocytes. To check cell viability and to determine viable cell
concentration, dilute duplicate 100-µL aliquots of cell suspension with 400 µL of Wash
buffer and 500 µL of isotonic 0.4% trypan blue. The aliquots are counted in a
hemocytometer. The cells are suspended in Incubation buffer to obtain a viable cell
concentration of not less than 3 × 106 per mL. Count several distinct fields.
[Note—Viable cells are those cells that exclude the trypan blue.]
Negative control solution: Prepare a solution containing 0.5% BSA in sterile water.
Incubation flasks: Use 25-mL conical flasks, the bottoms of which have been heated and
pushed inward to form a conically raised center.
Standard solutions: In duplicate, dissolve a suitable quantity of USP Glucagon RS in 0.01
N hydrochloric acid or other suitable diluent to obtain a solution containing 1.0 USP
Glucagon Unit/mL. All dilutions thereafter are made using 0.5% BSA (w/v) in water. Dilute
measured volumes of each solution with Negative control solution to obtain five
concentrations: 200, 100, 50, 25, and 12.5 micro-Units/mL of each solution (Standard
solutions). Pipet 0.2 mL of each Standard solution into separate Incubation flasks. Pipet
0.2 mL of Negative control solution into each of two flasks (Negative control solutions 1
and 2). Then add the hepatocytes into each of the 12 flasks.
Sample solutions: Using weighed quantities of Glucagon, proceed as directed for
Standard solutions.
d-Glucose determination
Standard stock solution: Transfer 2.0 g of USP Dextrose RS to a 200-mL volumetric
flask, and dissolve in and dilute with saturated benzoic acid solution to volume.
Standard solutions: Transfer suitable quantities of Standard stock solution to three
flasks, and dilute with saturated benzoic acid solution to obtain solutions having known
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concentrations of 0.5, 1.0, and 1.5 times the typical sample glucose concentration.
Potassium ferrocyanide solution: Dissolve 1.25 g of trihydrate potassium ferrocyanide
in 125 mL of Sterile Water for Injection.
System suitability: Analyze the Potassium ferrocyanide solution, the Standard
solutions, and five replicates of the middle Standard solution. Prepare a standard curve
using the Standard solutions as directed for the Analysis.
Suitability requirements: The relative standard deviation of the standard curve is
NMT 2.0%; the response of the Potassium ferrocyanide solution is NMT 30 mg/L; and
the relative standard deviation is NMT 2.0% for the replicate analyses of the middle
Standard solution.
Analysis: Dispense 5 mL of Hepatocyte preparation into the special Incubation flasks in
sequence from high glucagon concentration to low glucagon concentration, alternating
the Standard solutions with the Sample solutions. The flasks are swirled in an orbiting
water bath at 125 rpm at 30 for approximately 30–60 min.
[Note—The exact incubation time must be determined to optimize the signal-to-noise
ratio.]
Following incubation, place 0.5- to 1.0-mL aliquots, in duplicate, from each Incubation
flask into labeled tubes, and centrifuge at 12,500 × g. Determine the percentage of
glucose concentration in each flask's supernatant.
To conform to the linear range of the instrument being used, it may be necessary to
adjust by dilution each of the preparations. Use a glucose analyzer that has
demonstrated appropriate specificity, accuracy, precision, and linear response over the
range of concentrations being determined.
[Note—A suitable analyzer may use an immobilized, oxidase-enzyme membrane or jacketgenerating hydrogen peroxide, which is then detected at the electrode.]
Perform the glucose analysis in the following sequence: Negative control solution 1,
Standard solutions, Sample solutions, and Negative control solution 2.
Determine the percentage of glucose against the Negative control solution for each
preparation.
Calculations
Linearity test: Use an analysis of variance (ANOVA) with one sample assayed against a
standard, and using two replicates each, construct a table (see Table 1). Compare the
value of the ratio MSNL/MSRES1 to a critical value obtained from a table for an F
distribution with m 2 and 3m 3 degrees of freedom, where m is the number of dose
levels for each preparation. If the ratio MSNL/MSRES1 does not indicate the presence
of significant nonlinearity (ratio value is lower than the critical value), then proceed to
the Parallelism test. If the ratio exceeds the critical value (significance level of 0.025),
the nonlinearity is statistically significant and the test is repeated, discarding the
results from either the highest or lowest dose of both the Standard solutions and the
Sample solutions (four dose levels). If the ratio MSNL/MSRES1 does not indicate the
presence of significant nonlinearity, then proceed to the Parallelism test.
Parallelism test: Compare the ratio MSNP/MSRES2 to a critical value from an F
distribution having 1 and 4m

5 degrees of freedom. If the ratio MSNP/MSRES2 does

PF 37(4): Jul.-Aug. 2011

303

not indicate the presence of significant nonparallelism, then the assay is considered
valid. Use the appropriate dose levels for the estimation of the Relative potency.
Relative potency: Calculate the Relative potency, R, of the Sample solutions as
compared with the Standard solutions as follows.
(1) XJ is defined as the log10 of the jth dose of the Standard solutions or the Sample
solutions. The glucagon dose varies from 12.5 to 200 × 10 6 USP Glucagon Units/mL.
For ease in the subsequent calculations, these doses are represented by 1 through 5,
as shown in the table below.
j
1
2
3
4
5
Dose12.5 25 50 100 200
XJ 1.10 1.40 1.70 2.00 2.30
(2) To differentiate between the Standard solutions and the Sample solutions in the
calculations, the subscript i will be used, with i = 1 to designate the Standard solutions
and i = 2 to designate the Sample solutions. Y ijk will denote the glucose concentration
associated with the kth replicate of the jth dose of the ith preparation. For example,
Y 1JK is the glucose concentration associated with the kth replicate of the jth dose of
the appropriate Standard solution; Y 11K is the glucose concentration associated with
the kth replicate of dose 1 of the Standard solution; and Y 21K is the glucose
concentration associated with the kth replicate of dose 1 of the Sample solution. Dose
1 represents a glucose dose of 12.5 × 10=6 USP Glucagon Units per mL. Finally, Y 132
represents the glucose concentration associated with the 2nd replicate of dose 3 for
the Standard solution.
(3) Y S and Y T denote the average glucose concentrations for the Standard solutions and
the Sample solutions, respectively.
(4) Calculate the least-squares slope estimate, b, for a linear regression relating the
Y IJK's to the XJ 's as follows: b = SXY /SXX, with SXY and SXX calculated using the
equations in Table 2.
(5) The log potency, M, is calculated using M = 1[(Y S -Y T )/b].
(6) R = antilog (M).
(7) Calculate the confidence limits (upper and lower) for the relative potency, R, using
the value s2 = MSRES3 (see Table 1 and Table 2) as follows. Obtain t from a table for a
t distribution having 4m 4 degrees of freedom. For the 95% limits, the t values can be
obtained from Table 9 under Design and Analysis of Biological Assays

111 .

[Note—For confidence limits having other probability levels (i.e., 100(1 - a)%), the right
tail t critical value having a/2 area to its right is used.]

and calculate
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ML = (M -F)/(1 - g)
and
MU = (M + F)/(1 -g)
M= log potency
M=
L log potency lower confidence limit
MU= log potency upper confidence limit
The lower and upper confidence limits for the Relative potency, R, are as follows:
RL = antilog (ML )
RU = antilog (MU )
Acceptance criteria: The potency is NLT 80.0% and NMT 125.0% of the labeled
amount of glucagon, and the confidence interval width at P equals 0.95 does not
exceed 45% of the computed potency.
[Note—Repeat the Assay if the confidence interval width exceeds 45% of the
computed potency, or if the potency is less than 80.0% or more than 125.0% of the
labeled amount of glucagon.]
Table 1. ANOVA for the Rat Hepatocyte Assay for Glucagon
Source Degrees of FreedomSS
MS
(Sum of Squares)
(Mean Square)
Preparations
1
SSPREP
MSPREP
Replicates1
SSREP
MSREP
Linear Slope
1
SSLIN
MSLIN
Residual3 4m –4
SSRES3
MSRES3
Nonparallelism
1
SSNP
MSNP
Residual2 4m –5
SSRES2
MSRES2
Nonlinearity
m –2
SSNL
MSNL
Residual1 3m –3
SSRES1
MSRES1
TOTAL 4m –1
SST
[Note—This analysis pertains to one sample assayed against a standard, using two
replicates each.
The number of dose levels for each preparation is denoted by m.
Table 2 gives the equations for calculating the SS terms.
In each row of the ANOVA table, the MS is obtained by dividing the SS term by the
degrees of freedom.]
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Solution A: Dissolve 16.3 g of monobasic potassium phosphate in 750 mL of water,
adjust with phosphoric acid to a pH of 2.7 (± 0.05), add water to 800 mL, add 200 mL of
acetonitrile, and degas.
Solution B: Prepare a degassed solution of acetonitrile and water (4:6).
Mobile phase: See Table 1. [Note—The ratio of Solution A to Solution B can be adjusted
to obtain a retention time of about 21 min for the main peak. ]
Table 1
Time
(min)

Solution A
(%)
61
61
12
12
61
61

Solution B
(%)
39
39
88
88
39
39

0
25a
29
30
31
70
a The end time of the isocratic elution can be adjusted so that the gradient begins
after the 4th desamido peak elutes (relative retention time about 1.4). The rest of the
program is then adjusted accordingly with this offset.
System suitability solution: Reconstitute a vial of USP rGlucagon RS in 0.01 N
hydrochloric acid to obtain a solution having a concentration of about 0.5 mg/mL. Let
stand at 50 for 48 h. At least 7% total of all four desamido glucagons should be
present in the solution.
Standard solution: Reconstitute a vial of USP rGlucagon RS in 0.01 N hydrochloric acid
to obtain a solution having a concentration of about 0.5 mg/mL.
Sample solution: Dissolve an adequate amount of Glucagon for Injection in order to
obtain a 0.5-mg/mL concentration of glucagon in 0.01 N hydrochloric acid.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 3-mm × 15-cm; 3-µm or less packing L1
Column temperature: 45
Flow rate: 0.5 mL/min
Injection volume: 15 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the main peak and the first eluting desamido peak.
Four peaks eluting after the glucagon peak that correspond to the desamido
glucagons are clearly visible, System suitability solution
Tailing factor: NMT 1.8 for the glucagon peak, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glucagon (C153 H225 N43 O49 S) in the portion of Glucagon for
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 65%–110% 2S (USP35)

PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, System suitability solution, Standard solution,
Chromatographic system, and System suitability requirements: Proceed as directed
in the Assay.
Sample solution: Dissolve the substance to be examined in water in order to obtain a
concentration of 0.5 mg/mL of glucagon.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Glucagon for Injection taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of the responses of all peaks
Acceptance criteria: NMT 14% total of all four desamido glucagons is found, and NMT
31% of total impurities and related compounds is found. 2S (USP35)
SPECIFIC TESTS
Add the following:
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• Water Determination, Method Ic

921 : NMT 4.0%

2S (USP35)

Change to read:
• pH and Clarity of Solution: Dissolve it in the solvent and in the concentration recommended
in the labeling: the pH of the solution is between 1.7 and 3.0,
3.5, 2S (USP35)
and the solution is clear.
Change to read:
• Bacterial Endotoxins Test 85 : It contains NMT 125.0 USP Endotoxin Units/mg of
glucagon.
It contains NMT 10 USP Endotoxin Units/mg. 2S (USP35)
Change to read:
• Sterility Tests 71 : Both Glucagon for Injection and the accompanying solvent meet the
requirements.
Meets the requirements 2S (USP35)
• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.

1 ,

Delete the following:
• Other Requirements: Meets the requirements under Injections

1 , Labeling

2S (USP35)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Injections
Solids.

1 , Containers for Sterile

Add the following:
• Labeling: The labeling states that the material is of recombinant DNA origin.

2S (USP35)

Change to read:
• USP Reference Standards
USP Endotoxin RS
USP Dextrose RS
USP Glucagon RS
USP rGlucagon RS

11

2S (USP35)

BRIEFING
Goserelin Acetate, The USP monograph that was originally proposed in PF 32(3) for Goserelin
Acetate was cancelled. A new monograph in the redesigned style is proposed.
(BIO12010: T. Sigambris.)
Correspondence Number—C99995

Comment deadline: September 30, 2011
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Add the following:
Goserelin Acetate

C59 H84 N18 O14 ·xC2 H4 O2
Luteinizing hormone-releasing factor (pig), 6-[O-(1,1-dimethylethyl)-d-serine]-10deglycinamide-, 2-(aminocarbonyl)hydrazide, acetate (salt)
[145781-92-6].
1-(5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosyl-O-tert-butyl-d-seryl-l-leucyl-larginyl-l-prolyl)semicarbazide (Goserelin)
1269.41
[65807-02-5].
DEFINITION
Goserelin Acetate is a synthetic nonapeptide analog of the hypothalmic decapeptide,
gonadorelin. It is obtained by chemical synthesis and is available as an acetate salt. It contains
NLT 94.5% and NMT 103.0% of goserelin (C59 H84 N18 O14 ), calculated on the anhydrous and
acetic acid-free basis.
IDENTIFICATION
• A. The retention time of the goserelin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Prepare a filtered and degassed mixture of water, acetonitrile, and
trifluoroacetic acid (1600:400:1).
Standard solution: 1 mg/mL of USP Goserelin Acetate RS in water
Diluted standard solution: Transfer 1 mL of the Standard solution to a 10-mL volumetric
flask, and dilute with water to volume.
Resolution solution: Dissolve the contents of a vial of USP Goserelin Related Compound A
RS in water to obtain a concentration of 0.1 mg/mL, and mix with an equal volume of
Diluted standard solution.
System suitability solution: Dissolve the contents of a vial of USP Goserelin System
Suitability Mixture RS with 1 mL of water.
Sample solution: 1 mg/mL of Goserelin Acetate in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 50 –55
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution, Resolution solution, and System suitability solution.
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Suitability requirements
[Note—Two minor peaks are visible prior to the elution of the principal peak, System
suitability solution]
Resolution: NLT 7.0 between the goserelin and goserelin related compound A (4-d-sergoserelin) peaks, Resolution solution
Retention time: 40–50 min for the goserelin peak, Resolution solution
Relative standard deviation: NMT 2.0% for the goserelin peak, from replicate
injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of goserelin (C59 H84 N18 O14 ) in the portion of Goserelin Acetate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 94.5%–103.0% of goserelin (C59 H84 N18 O14 ) on the anhydrous,
acetic acid-free basis
OTHER COMPONENTS
• Limit of Acetic Acid
Mobile phase: Transfer 49.04 g of sulfuric acid to a 1000-mL volumetric flask, dilute with
water to volume, and mix. Accurately transfer 20 mL of this solution to a 2000-mL
volumetric flask, dilute with water to volume, mix, filter, and degas.
Standard stock solution: Transfer 2.0 mL of glacial acetic acid to a 500-mL volumetric
flask, dilute with Mobile phase to volume, and mix.
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 100-mL volumetric
flask, dilute with Mobile phase to volume, and mix.
Sample solution: Dissolve about 20 mg of Goserelin Acetate, accurately weighed, in 2–3
mL of Mobile phase. Connect a 1-mL cartridge containing packing L44 to a 1-mL cartridge
containing packing L2, which is then attached to a suitable vacuum apparatus. With the
vacuum applied, wash the cartridge combination with 2 mL of methanol followed by 15 mL
of Mobile phase, and discard the washings. Quantitatively apply the solution containing
the sample to the cartridge combination, and wash through the cartridge system with
several small volumes of Mobile phase. Collect the solution and washings in a 10-mL
volumetric flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability).
[Note—Condition the column for about 24 h until a stable baseline is obtained.]
Mode: LC
Detector: UV 206 nm
Column: 7.8-mm × 30-cm; packing L17
Column temperature: 65
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Flow rate: 0.8 mL/min
Injection size: 100 µL
System suitability:
Sample: Standard solution
[Note—The retention time of the acetic acid peak is about 11 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.1%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acetic acid in the portion of Goserelin Acetate taken by the
formula:
Result = (rU/rS) × (1/W) × (1.049/5)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
W = sample weight of Goserelin Acetate taken to prepare the Sample solution (g) and
corrected (for the purposes of the calculation) to eliminate the water content, which
is determined immediately prior to the test
1.049
= weight of glacial acetic acid (g/mL)
Acceptance criteria: 4.5%–15.0%
IMPURITIES
• Organic Impurities: Related Compounds
Mobile phase, Standard solution, Diluted standard solution, Resolution solution,
System suitability solution, Sample solution, and Chromatographic system: Prepare
as directed in the Assay
Diluted sample solution: Transfer 1 mL of the Sample solution into a 100-mL volumetric
flask, and dilute with water to volume.
System suitability
Samples: Resolution solution and System suitability solution
[Note—The retention time for the goserelin peak is between 40 and 50 min, Resolution
solution. See Table 1 for the relative retention times, Resolution solution. Two peaks,
corresponding to decarbamoylgoserelin and 2-d-his-goserelin, eluting prior to the principal
peak are visible, System suitability solution.]
Table 1
Name
Relative Retention Time
4-d-ser-Goserelin 0.67
Decarbamoylgoserelin0.89
5-d-tyr-Goserelin 0.92
2-d-his-Goserelin 0.94
Goserelinare
1.0
Resolution: NLT 7.0, Resolution solution
Column efficiency: NLT 2000 theoretical plates, System suitability solution
Tailing factor: NMT 2.0, System suitability solution
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Relative standard deviation: NMT 2.0%, System suitability solution
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of goserelin-related impurities in the portion of Goserelin Acetate
taken:
Result = rI /rU
r=
I peak response for any individual impurity in the Sample solution
r=
U peak response of the main goserelin peak in the Diluted sample solution
Acceptance criteria: NMT 1.0% of decarbamoylgoserelin is found, NMT 0.5% of any other
impurity is found, and NMT 2.5% of total impurities is found.
SPECIFIC TESTS
• Amino Acid Content, Nuclear Magnetic Resonance 761
[Note—Concentrations of goserelin in both the Standard solution and the Sample solution must
be the same (within 5% of each other) but can be adjusted based on the quality of the
13C spectrum obtained. The spectra must be acquired under the same conditions for both
the Standard solution and the Sample solution. The spectra obtained are of sufficient
quality to allow quantification of the integrals of the resonances specified below to be
obtained. Integrals and spectra of both the Standard solution and the Sample solution can
be repeated and averaged.]
Standard solution: Dissolve USP Goserelin Acetate RS in deuterium oxide to obtain a
solution having a known concentration of about 10% w/v, and adjust with deuterated
acetic acid-d4 to a pH of 4.
Sample solution: Prepare a 10% w/v solution of Goserelin Acetate in deuterium oxide, and
adjust with deuterated acetic acid-d4 to a pH of 4.
Analysis: Obtain a 13C, proton-decoupled NMR spectrum of both the Standard solution and
the Sample solution. The spectra from both solutions are qualitatively similar, and all the
resonances from the spectrum of the Standard solution are present in the spectrum of the
Sample solution and have the same chemical shift values (±0.1 ppm for goserelin, ±0.5
ppm for acetate), identify any other resonances in the spectrum of the Sample solution.
The relative amino acid ratio between the Standard solution and the Sample solution can
be calculated as follows. Integrate the resonances at the approximate ppm corresponding
to each amino acid in Table 2.
Table 2
Amino Acids Resonances (ppm)
Azo-glycine
162.2
Histidine
118.4
Tyrosine
116.7
tert-Butyl serine
62.5
Serine
62.2
Tryptophan
55.7
Arginine
41.8
Pyroglutamic acid
26.3
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Amino Acids
Proline
Leucine

Resonances (ppm)
26.0
23.5

Calculate the ratio of each of the amino acids from the integrals of the Standard solution
and the Sample solution by the formula:
Result = rU/rS
r=
U integral of the resonance of a designated amino acid from the Sample solution
r=
S integral of the resonance of a designated amino acid from the Standard solution
Acceptance criteria: The resulting ratios fall within the following limits: histidine, tyrosine,
tert-butyl serine, serine, tryptophan, arginine, pyroglutamic acid, proline, and leucine 0.9–
1.1; azo-glycine 0.8–1.2.
• Optical Rotation, Specific Rotation 781
Sample solution: 2 mg/mL, in water, calculated on the anhydrous and acetic acid-free
basis
Acceptance criteria: Between

52 and

56

• Bacterial Endotoxins Test 85 : It contains NMT 16 USP Endotoxin/mg of goserelin, if
intended for use in the manufacture of parenteral dosage forms without a further,
appropriate procedure for the removal of bacterial endotoxins.
• Water Determination, Method I 921 : NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant container, and store in a
refrigerator.
• USP Reference Standards 11
USP Goserelin Acetate RS
USP Goserelin Related Compound A RS
USP Goserelin System Suitability Mixture RS
2S (USP35)

BRIEFING
Hydrocodone Bitartrate, USP 34 page 3055. On the basis of comments received, it is
proposed to replace the Assay and add an Organic Impurities test to identify and quantify
process-related impurities. The liquid chromatographic procedures in the Organic Impurities
test is based on analyses performed with the Phenomenex Columbus brand of L7 column.
The typical retention time for hydrocodone is about 14 min. A new reference standard, USP
Hydrocodone RS, is also proposed for use in this test while the reference standard USP
Hydrocodone Bitartrate Related Compound A RS is removed. It is also proposed to replace
the Loss on Drying test with a Karl Fischer titration for water because the former procedure
does not adequately remove water and degrades the bitartrate. The Definition is revised
accordingly.
(SM2: C. Anthony.)
Correspondence Number—C42261

Comment deadline: September 30, 2011
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Hydrocodone Bitartrate

C18 H21 NO3 ·C4 H6 O6 ·2½H2 O

494.49

Morphinan-6-one, 4,5-epoxy-3-methoxy-17-methyl-, (5 )-, [R-(R*,R*)]-2,3dihydroxybutanedioate (1:1), hydrate (2:5);
4,5 -Epoxy-3-methoxy-17-methylmorphinan-6-one tartrate (1:1) hydrate (2:5)
1]; [6190-38-1].
Anhydrous
449.45
[143-71-5.].

[34195-34-

DEFINITION
Change to read:
Hydrocodone Bitartrate, dried in a vacuum at 105

for 2h,

2S (USP35)

contains NLT 98.0% and NMT 102.0% of C18 H21 NO3 ·C4 H6 O6 ,
calculated on the anhydrous basis. 2S (USP35)

IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Sample solution: 100 µg/mL
Medium: 0.1 N sulfuric acid
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
[Note—Dry both the USP Hydrocodone Bitartrate RS and the Hydrocodone Bitartrate materials
in a vacuum at 105 for 2 h. Immediately transfer the dried materials to a desiccator
containing phosphorus pentoxide. Weigh each dried material individually within 1 min, and
proceed with the Assay.]
Solution A: Acetonitrile, diethylamine, and water (800:1:4)
Mobile phase: Solution A and methanol (55:45)
System suitability stock solution: 0.4 mg/mL of USP Dihydrocodeine Bitartrate RS and
0.6 mg/mL of USP Hydrocodone Bitartrate, in methanol
System suitability solution: System suitability stock solution and water (1:1)
Standard solution: 10 mg of previously dried USP Hydrocodone Bitartrate RS, in a 10-mL
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volumetric flask, add 5 mL of water, mix to dissolve and dilute to volume with methanol.
Sample solution: Equivalent to 100 mg of hydrocodone bitartrate from previously dried
Hydrocodone Bitartrate, in a 100-mL volumetric flask, add 50 mL of water, and mix to
dissolve. Dilute with methanol to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 280 nm
Column: 4.6 mm × 25 cm; packing L3
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution and Standard solution
[Note—The relative retention times for hydrocodone and dihydrocodeine are about 0.7
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between hydrocodone and dihydrocodeine, System suitability
solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C18 H21 NO3 ·C4 H6 O6 in the portion of Hydrocodone Bitartrate
taken:
Result = (rU /rS) × (CS × CU ) × 100
rU= hydrocodone bitartrate peak area from the Sample solution
rS= hydrocodone bitartrate peak area from the Standard solution
CS= concentration of USP Hydrocodone Bitartrate RS in the Standard solution (mg/mL)
CU= concentration of Hydrocodone Bitartrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% dried in a vacuum at 105 for 2h .
Solution A: Dissolve 5.75 g of monobasic ammonium phosphate in 900 mL of water, and
adjust with phosphoric acid to a pH of 3.0 ± 0.1. Add 100 mL of methanol.
Solution B: Methanol and water (4:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
6
100
0
30
0
100
31
100
0
40
100
0
Standard solution: 2 mg/mL of USP Hydrocodone RS in Solution A
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Sample solution: 3 mg/mL of Hydrocodone Bitartrate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 60
Flow rate: 1.2 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocodone bitartrate (C18 H21 NO3 ·C4 H6 O6 ) in the
portion of Hydrocodone Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1 /Mr2 ) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Hydrocodone RS in the Standard solution (µg/mL)
CU= concentration of Hydrocodone Bitartrate in the Sample solution (µg/mL)
Mr1= molecular weight of hydrocodone bitartrate, 449.46
Mr2= molecular weight of hydrocodone, 299.37
Acceptance criteria: 98.0%–102.0% on the anhydrous basis 2S (USP35)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride: To 10 mL of a 10-mg/mL solution, acidified with nitric acid, add a few drops of
silver nitrate TS: no opalescence is produced immediately.
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 15 µg/mL of USP Dihydrocodeine Bitartrate RS and 10 µg/mL of USP
Hydrocodone RS, respectively in Solution A
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of dihydrocodeine bitartrate in the portion of Hydrocodone
Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dihydrocodeine Bitartrate RS in the Standard solution (µg/mL)
C=
U concentration of Hydrocodone Bitartrate in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Hydrocodone
Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= individual peak response for any unspecified impurity from the Sample solution
rS= peak response of hydrocodone from the Standard solution
CS= concentration of USP Hydrocodone Bitartrate RS in the Standard solution (mg/mL)
CU= concentration of hydrocodone bitartrate in the Sample solution (mg/mL)
Mr1
= molecular weight of hydrocodone bitartrate, 449.46
Mr2
= molecular weight of hydrocodone, 299.37
Acceptance criteria
Dihydrocodeine bitartrate: NMT 0.5%
Other impurities: See Table 2.
Table 2
Relative
Retention
Name
Time
Dihydrocodeinea
0.84
Hydrocodone diol
0.88
a
Hydrocodone bitartrate
1.00
a
Unspecified impurity A
1.13
Hydrocodone aldol dimera
1.19
Unspecified impurity Ba
1.26
a
Unspecified impurity C
1.74
7-Cyclohexenyl hydrocodone bitartrate
1.77
Total impuritiesb
—

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

a Process impurity.
b Disregard any peak less than 0.05%.
2S (USP35)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL (undried). Calculate the result on the basis of the undried
aliquot.
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Acceptance criteria: –79 to –84
• pH

791 : 3.2–3.8, in a 20-mg/mL solution

Delete the following:
• Loss on Drying 731 : Dry in a vacuum at 105 for 2 h: it loses NLT 7.5% and NMT
12.0% of its weight. (See the Note in the Assay for precautions regarding handling of the
dried material.) 2S (USP35)
Add the following:
• Water Determination, Method I

921 : 7.5%–12.0%

2S (USP35)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Dihydrocodeine Bitartrate RS
Morphinan-6-ol, 4,5-epoxy-3-methoxy-17-methyl-, (5 , 6 )-2,3-dihydroxybutanedioate
(1:1).
C18 H23 NO3 ·C4 H6 O6
451.47 2S (USP35)
USP Hydrocodone Bitartrate RS
USP Hydrocodone Bitartrate Related Compound A RS
USP Hydrocodone RS
4,5 -Epoxy-3-methoxy-17-methylmorphinan-6-one.
C18 H21 NO3
299.36 2S (USP35)
BRIEFING
Meclizine Hydrochloride, USP 34 Page 3391. On the basis of comments received, it is
proposed to add a Procedure 2 for Organic Impurities, using a flexible monograph approach,
to capture the potential impurities from a different synthetic route. This test is based on an
analytical method validated with the Waters Symmetry Shield RP18 brand of L1 column. The
typical retention time for meclizine is about 25 min. This proposed revision also necessitates
the addition of a Labeling statement and a revision of the section USP Reference Standards
11 .
In addition, as part of USP monograph modernization efforts, the following revisions are
proposed:
1.
The current UV Identification test B is deleted. The remaining Identification tests are
shown to be capable of confirming the identity of the drug substance.
2.
The Assay titration procedure, which uses mercuric acetate and chlorinated solvent, is
replaced with an HPLC procedure employed in Organic Impurities, Procedure 1. Two
brands of L1 chromatographic columns—Waters YMC ODS-AQ and Waters Symmetry
Shield RP18—were found suitable for the Assay and Organic Impurities, Procedure 1,
with the typical retention time of the meclizine peak about 2.5–4 min. The upper
Assay limit is revised from 100.5% to 102.0%, which is typical for chromatographic
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procedures; and the upper limit in the Definition is changed accordingly.
3.
Storage requirements are added in the Packaging and Storage section.
(SM3: E. Gonikberg.)
Correspondence Number—C74313

Comment deadline: September 30, 2011
Meclizine Hydrochloride

C25 H27 ClN2 ·2HCl·H2 O
C25 H27 ClN2 ·2HCl

481.88
463.88

Piperazine, 1-[(4-chlorophenyl)phenylmethyl]-4-[(3-methylphenyl)methyl]-, dihydrochloride,
monohydrate;
1-(p-Chloro- -phenylbenzyl)-4-(m-methylbenzyl)piperazine dihydrochloride monohydrate
[31884-77-2].
Anhydrous
[1104-22-9].
DEFINITION
Change to read:
Meclizine Hydrochloride contains NLT 97.0% and NMT 100.5%
NMT 102.0% 2S (USP35)
of C25 H27 ClN2 ·2HCl, calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Ultraviolet Absorption 197U
Sample solution: 10 µg/mL in dilute hydrochloric acid (1 in 100)
Acceptance criteria: Meets the requirements 2S (USP35)
Change to read:
• C.
B. 2S (USP35)
Identification Tests—General, Choride 191 :
Sample solution: Dissolve 25 mg in a mixture of 3 mL of 2 N nitric acid and 5 mL of
alcohol.
Acceptance criteria: Meets the requirements
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ASSAY
Change to read:
• Procedure
Sample: 350 mg
Analysis: Dissolve the Sample in 50 mL of chloroform. Add 50 mL of glacial acetic acid, 5
mL of acetic anhydride, and 10 mL of mercuric acetate TS. Titrate with 0.1 N perchloric
acid VS, determining the endpoint potentiometrically, using a calomel-glass electrode
system (see Titrimetry 541 ). Perform a blank determination, and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 23.19 mg of
C25 H27 ClN2 ·2HCl.
Mobile phase: Dissolve 1.5 g of sodium 1-heptanesulfonate in 300 mL of water, and mix
this solution with 700 mL of acetonitrile. Adjust with 0.1 N sulfuric acid to a pH of 4.
Standard solution: 0.1 mg/mL of USP Meclizine Hydrochloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Meclizine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.3 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of meclizine hydrochloride (C25 H27 ClN2 ·2HCl) in the portion of
Meclizine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of meclizine from the Sample solution
rS= peak response of meclizine from the Standard solution
C=
S concentration of USP Meclizine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Meclizine Hydrochloride in the Sample solution (mg/mL)
2S (USP35)

Acceptance criteria: 97.0%–100.5%
102.0% 2S (USP35)
on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
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Change to read:
• Organic Impurities
Procedure 1
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2.
Procedure 2 is recommended when the isomeclizine impurity may be present.]
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2S (USP35)

Mobile phase: Dissolve 1.5 g of sodium 1-heptanesulfonate in 300 mL of water, and mix this
solution with 700 mL of acetonitrile. Adjust with 0.1 N sulfuric acid to a pH of 4.
System suitability solution: 0.01 mg/mL each of USP Meclizine Hydrochloride RS and 4chlorobenzophenone in Mobile phase
Standard solution: 2.5 µg/mL of USP Meclizine Hydrochloride RS in Mobile phase
Sample solution: 0.5 mg/mL of Meclizine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.3 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The elution order is meclizine, followed by 4-chlorobenzophenone.]
Suitability requirements
Resolution: NLT 2.0 between meclizine hydrochloride and 4-chlorobenzophenone, System
suitability solution
Column efficiency: NLT 1800 theoretical plates, determined from the analyte peak,
Standard solution
Tailing factor: NMT 1.5 for the analyte peak, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Allow the Sample solution to elute for NLT three times the retention time of meclizine
hydrochloride.
Calculate the percentage of each impurity in the portion of Meclizine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of meclizine from the Standard solution
C=
S concentration of USP Meclizine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Meclizine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor, 0.72 for the 4-chlorobenzophenone peak and 1.0 for all other peaks
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 1.0%
Add the following:
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• Organic Impurities Procedure 2
Mobile phase: Dissolve 5 g of sodium 1-heptanesulfonate in 1000 mL of water, and mix 600
mL of this solution with 400 mL of acetonitrile. Adjust with 0.1 N sulfuric acid to a pH of
4.0 ± 0.1.
System suitability solution: 2.5 µg/mL each of USP Meclizine Hydrochloride RS, USP
Meclizine Related Compound A RS, and USP Meclizine Related Compound B RS in Mobile
phase
Standard solution: 2.5 µg/mL of USP Meclizine Hydrochloride RS in Mobile phase
Sample solution: 0.5 mg/mL of Meclizine Hydrochloride in Mobile phase. [Note—Store this
solution no longer than 24 h. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2.0 mL/min
Injection size: 30 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between meclizine related compound B and meclizine, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 6.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Meclizine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of meclizine from the Standard solution
C=
S concentration of USP Meclizine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Meclizine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard any peak eluting before 1.75 min.
Table 1
Relative
Retention
Time
0.11

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.0
0.10

Name
3-Methylbenzyl alcohol
a USP Meclizine Related Compound A.
b 1-[2-Chlorophenyl)(phenyl)methyl]-4-(3-methylbenzyl) piperazine.
c USP Meclizine Related Compound B.
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Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
1,4-Bis(3-methylbenzyl) piperazine
0.22
0.73
0.10
a
4-Chlorobenzhydrol
0.53
1.3
0.15
b
Meclizine o-chloro isomer
0.81
1.0
0.10
c
Isomeclizine (meclizine o-methyl isomer)0.90
1.1
0.15
Meclizine
1.0
—
—
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.0
a USP Meclizine Related Compound A.
b 1-[2-Chlorophenyl)(phenyl)methyl]-4-(3-methylbenzyl) piperazine.
c USP Meclizine Related Compound B.
2S (USP35)

SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 5.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. 2S (USP35)
Add the following:
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling
states the test with which the article complies. 2S (USP35)
Change to read:
• USP Reference Standards 11
USP Meclizine Hydrochloride RS
USP Meclizine Related Compound A RS
4-Chlorobenzhydrol
C13 H11 ClO
218.68
USP Meclizine Related Compound B RS
Isomeclizine
1-[(4-Chlorophenyl)(phenyl)methyl]-4-(2-methylbenzyl)piperazine dihydrochloride
monohydrate
C25 H27 ClN2 ·2HCl·H2 O
481.88 2S (USP35)
BRIEFING
Menotropins, USP 34 page 3412. The Biologics & Biotechnology Monographs 1 Expert
Committee reviewed this monograph and recommended that it be deleted because of a lack
of quality tests to define the current products.
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(BIO1: M. Kibbey.)
Correspondence Number—C103481

Comment deadline: September 30, 2011
Delete the following:
Menotropins
DEFINITION
Menotropins is an extract of human post-menopausal urine containing both follicle-stimulating
hormone and luteinizing hormone, having the property in females of stimulating growth and
maturation of ovarian follicles and the properties in males of maintaining and stimulating
testicular interstitial cells (Leydig tissue) related to testosterone production and of being
responsible for the full development and maturation of spermatozoa in the seminiferous tubules.
It has a potency of NLT 40 USP Follicle-Stimulating Hormone Units and NLT 40 USP Luteinizing
Hormone Units per mg, and it contains NLT 80% and NMT 125% of each of the hormone
potencies stated on the label. The ratio of Units of Follicle-Stimulating Hormone to Units of
Luteinizing Hormone is approximately 1. When necessary, Chorionic Gonadotropin obtained from
the urine of pregnant women may be added to achieve this ratio. NMT 30% of the luteinizing
hormone activity is contributed by Chorionic Gonadotropin, as determined by a validated
method.
ASSAY
• Luteinizing Hormone
Diluent: 10.75 mg/mL of dibasic sodium phosphate, 7.6 mg/mL of sodium chloride, and 1.0
mg/mL of bovine serum albumin in freshly distilled water. Adjust the pH to 7.2 ± 0.2 with 1
N sodium hydroxide, or dilute with 20% phosphoric acid.
Standard solutions: Dissolve USP Menotropins RS in the Diluent to obtain solutions having
known concentrations of 8.75, 17.5, and 35.0 USP Luteinizing Hormone Units/mL.
Sample solutions: Dissolve Menotropins in the Diluent to obtain solutions having
concentrations of 8.75, 17.5, and 35.0 USP Luteinizing Hormone Units/mL.
Control solution: Diluent
[Note—Store all solutions at 5 ± 3 for the duration of the assay, and properly dispose of
any unused portions.]
Test animals: Select 20- to 21-day-old male rats with weights within a 10-g range of each
other. House the animals under uniform conditions of temperature, light, food, and water.
Mark the animals for identification, and divide them at random into 7 groups of the same
number, having NLT 6 animals/group. Assign one group to each Standard solution, one
group to each Sample solution, and one group to the Control solution.
Dose determination trial: Use the method described for Procedure to determine a 3-dose
range in which the lowest dose produces a definite response in some of the rats in the
low-dose group (as compared with the control group) and the highest dose produces a
submaximal to maximal response in the high-dose group. Doses must be established in a
geometric progression. The normal dose response range will occur between 3.5 and 28
USP Luteinizing Hormone Units total dose/rat. Useful dose ranges will vary with the
sensitivity of the rat strain selected.
Procedure: Inject each rat of each group subcutaneously in the dorsal area with 0.2 mL of
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the solution to which it was assigned. For the Dose determination trial only, similarly
inject each rat in the control group with 0.2 mL of the Control solution. Repeat these
injections at approximately the same time of day after 24, 48, and 72 h. Twenty-four h
after the last injection, weigh each rat, sacrifice the animals, and carefully dissect out the
seminal vesicle of each rat, removing any fat and fibrous tissue. Thoroughly dry the
vesicles by pressing against absorbent paper, avoiding damage to the vesicles, and
immediately weigh them to the nearest 0.2 mg, using a suitable balance.
Calculation: Tabulate the observed seminal vesicle weights (y) for each dosage group of f
rats. For apparently outlying seminal vesicle weights, an attempt may be made to correct
the organ mass relative to the mass of the rat from which it was taken. For the y-value in
question, calculate for each of the f rats in the appropriate group the ratio of seminal
vesicle weight to total body weight. Reject the y-value if its corresponding ratio differs
from the rest of the group by more than 1.5 standard deviations.
If the data from one or more rats are missing, adjust to groups of equal size by suitable
means (see Design and Analysis of Biological Assays 111 , Replacement of Missing
Values). Total the values of y in each group, and designate each total as T, using
subscripts 1 to 3 for the three successive dosage levels and subscripts S and U for the
Standard and the material under test, respectively. Test both the agreement in slope of
the dosage–response lines for the Standard and for the material under test, and the lack
of curvature as directed for a 3-dose balanced assay (see Design and Analysis of
Biological Assay 111 , Tests of Assay Validity). If the combined discrepancy as
measured by F 3 exceeds its tabular value in Table 9, repeat the assay.
Determine the logarithm of luteinizing hormone potency of the Menotropins taken:
M = (4iT A/3T B) + log R
T=
A S(T
U
T=
B S(T

T S)

T 1)
i = interval between successive log doses of both the Standard solution and the Sample
solution
R= vS/vU, the ratio of the high dose of the Standard in USP Luteinizing Hormone Units (vS)
to the high dose of the Menotropins (vU), in mg
3

Compute the log confidence interval (see Design and Analysis of Biological Assays 111
).
Replication: Repeat the entire determination at least once. Test the agreement among the
two or more independent determinations, and compute the weight for each (see
Combination of Independent Assays

111 ). Calculate the weighted mean log-potency M

and its confidence interval, LC (see Confidence Intervals for Individual Assays 111 ).
The potency, P*, is satisfactory if P* = antilog M is NLT 80% and NMT 125% of the
labeled potency and if the confidence interval does not exceed 0.18.
• Follicle-Stimulating Hormone
Diluting solution: Using the Diluent in the Assay for Luteinizing Hormone, dissolve USP
Human Chorionic Gonadotropin RS in Diluent to obtain a solution having a concentration of
70 USP Chorionic Gonadotropin Units/mL, readjusting the pH, if necessary, to 7.2 ± 0.2.
Standard solutions: Dissolve USP Menotropins RS in the Diluting solution to obtain solutions
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having known concentrations of 2.5, 5.0, and 10.0 USP Follicle-Stimulating Hormone
Units/mL.
Sample solutions: Dissolve Menotropins in the Diluting solution to obtain solutions having
concentrations of 2.5, 5.0, and 10.0 USP Follicle-Stimulating Hormone Units/mL.
Control solution: Diluting solution
[Note—Store all solutions at 5 ± 3 for the duration of the assay, and properly dispose of
any unused portions.]
Test animals: Select 20- to 21-day-old female rats with weights within a 10-g range of
each other. Proceed as directed under Test animals in the Assay for Luteinizing Hormone
beginning with “House the animals”.
Dose determination trial: Use the method described for Procedure to determine a 3-dose
range in which the lowest dose produces a definite response in some of the rats in the
low-dose group (as compared with the control group) and the highest dose produces a
submaximal to maximal response in the high-dose group. Doses must be established in a
geometric progression. The normal dose response range will occur between 0.5 and 6.0
USP Follicle-Stimulating Hormone Units total dose/rat. Useful dose ranges will vary with
the sensitivity of the rat strain selected.
Procedure: Inject each rat of each group subcutaneously in the dorsal area with 0.2 mL of
the solution to which it was assigned. For Dose determination trial only, similarly inject
each rat in the control group with 0.2 mL of the Control solution. Repeat these injections
at approximately the same time of day after 24 and 48 h. Twenty-four h after the last
injection, weigh each rat, sacrifice the animals, and carefully dissect out the ovaries of
each rat, removing any fat and fibrous tissue. Thoroughly dry the ovaries by pressing
against absorbent paper, avoiding damage to follicles on the ovary surface, and
immediately weigh them to the nearest 0.2 mg, using a suitable balance.
Calculation: Tabulate the observed ovarian pair weight for each rat designated by the
symbol y, for each dosage group of f rats. For apparently outlying ovarian weight gain, an
attempt may be made to correct the organ mass relative to the mass of the rat from
which it was taken. For the y-value in question, calculate for each of the f rats in the
appropriate group the ratio of ovarian weight to the total body weight. Reject the y-value
if its corresponding ratio differs from the rest of the group by more than 1.5 standard
deviations.
If the data from one or more rats are missing, adjust to groups of equal size by suitable
means (see Design and Analysis of Biological Assays 111 , Replacement of Missing
Values). Total the values of y in each group, and designate each total as T, using
subscripts 1 to 3 for the three successive dosage levels and subscripts S and U for the
Standard and the material under test, respectively. Test both the agreement in slope of
the dosage–response lines for the Standard and for the material under test, and the lack
of curvature as directed for a 3-dose balanced assay (see Design and Analysis of
Biological Assays 111 , Tests of Assay Validity ). If the combined discrepancy as
measured by F 3 exceeds its tabular value in Table 9 (see Design and Analysis of Biological
Assays 111 , Combination of Independent Assays), regard these data as preliminary,
and repeat the assay.
Determine the logarithm of follicle-stimulating hormone potency of the Menotropins taken:
M = (4iT A/3T B) + log R
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T S)

T 1)
i = interval between successive log doses of both the Standard solution and Sample
solution
R= vS/vU, the ratio of the high dose of the Standard in USP Units (vS) to the high dose of
the Menotropins (vU), in mg
3

Compute the log confidence interval (see Design and Analysis of Biological Assays 111
).
Replication: Repeat the entire determination at least once. Test the agreement among the
two or more independent determinations, and compute the weights/mean log-potency M
and its confidence interval, LC (see Design and Analysis of Biological Assays 111 ,
Confidence Intervals for Individual Assays). If this exceeds 0.18, repeat the assay until
the confidence interval of the combined results is 0.18 or less. The potency P* is
satisfactory if P* = antilog M is NLT 80% and NMT 125% of the labeled potency and if the
log confidence interval does not exceed 0.18.
SPECIFIC TESTS
• Bacterial Endotoxins Test 85 : It contains NMT 2.5 Endotoxin Units/USP FollicleStimulating Hormone Unit.
• Safety
Sample solution: Prepare a Menotropin solution with Sodium Chloride Injection containing
75 USP Follicle-Stimulating Hormone Units/mL.
Procedure: Select 5 healthy mice, each weighing between 18 and 22 g. Inject
intravenously one dose of 1.0 mL of the Sample solution into each of the mice. Observe
the animals over the 48 h following the injection. If, at the end of 48 h, NMT 1 of the
animals shows outward symptoms of a toxic reaction, the requirements of the test are
met. If 1 or 2 of the animals die, repeat the test on 10 additional, similar animals.
Acceptance criteria: If all of the animals survive for 48 h and show no symptoms of a toxic
reaction, the requirements of the test are met.
• Water Determination, Method I 921 : NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably of Type I glass, and store
in a refrigerator.
• USP Reference Standards 11
USP Endotoxin RS
USP Human Chorionic Gonadotropin RS
USP Menotropins RS
2S (USP35)

BRIEFING
Menotropins for Injection, USP 34 page 3414. The Biologics & Biotechnology Monographs 1
Expert Committee reviewed this monograph and recommended that it be deleted because of
a lack of quality tests to define the current products.
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(BIO1: M. Kibbey.)
Correspondence Number—C103481

Comment deadline: September 30, 2011
Delete the following:
Menotropins for Injection
DEFINITION
Menotropins for Injection is a sterile, freeze-dried mixture of menotropins and suitable
excipients. Its potency is NLT 80% and NMT 125% of each of the Follicle-Stimulating Hormone
and Luteinizing Hormone potencies stated on the label. It may contain an antimicrobial agent.
ASSAY
• Luteinizing Hormone
Diluent: 10.75 mg/mL of dibasic sodium phosphate, 7.6 mg/mL of sodium chloride, and 1.0
mg/mL of bovine serum albumin in freshly distilled water. Adjust the pH to 7.2 ± 0.2 with 1
N sodium hydroxide or dilute with 20% phosphoric acid.
Standard solutions: Dissolve USP Menotropins RS in the Diluent to obtain solutions having
known concentrations of 8.75, 17.5, and 35.0 USP Luteinizing Hormone Units/mL.
Sample solutions: Dissolve Menotropins for Injection in the Diluent to obtain solutions
having concentrations of 8.75, 17.5, and 35.0 USP Luteinizing Hormone Units/mL.
Control solution: Diluent
[Note—Store all solutions at 5 ± 3 for the duration of the assay and properly dispose of
any unused portions.]
Test animals: Select 20- to 21-day-old male rats with weights within a 10-g range of each
other. House the animals under uniform conditions of temperature, light, food, and water.
Mark the animals for identification, and divide them at random into 7 groups of the same
number, having NLT 6 animals/group. Assign one group to each Standard solution, one
group to each Sample solution, and one group to the Control solution.
Dose determination trial: Use the method described for Procedure to determine a 3-dose
range in which the lowest dose produces a definite response in some of the rats in the
low-dose group (as compared with the control group) and the highest dose produces a
submaximal to maximal response in the high-dose group. Doses must be established in a
geometric progression. The normal dose response range will occur between 3.5 and 28
USP Luteinizing Hormone Units total dose/rat. Useful dose ranges will vary with the
sensitivity of the rat strain selected.
Procedure: Inject each rat of each group subcutaneously in the dorsal area with 0.2 mL of
the solution to which it was assigned. For the Dose determination trial only, similarly
inject each rat in the control group with 0.2 mL of the Control solution. Repeat these
injections at approximately the same time of day after 24, 48, and 72 h. Twenty-four h
after the last injection, weigh each rat, sacrifice the animals, and carefully dissect out the
seminal vesicle of each rat, removing any fat and fibrous tissue. Thoroughly dry the
vesicles by pressing against absorbent paper, avoiding damage to the vesicles, and
immediately weigh them to the nearest 0.2 mg, using a suitable balance.
Calculation: Tabulate the observed seminal vesicle weights (y) for each dosage group of f
rats. For apparently outlying seminal vesicle weights, an attempt may be made to correct
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the organ mass relative to the mass of the rat from which it was taken. For the y-value in
question, calculate for each of the f rats in the appropriate group the ratio of seminal
vesicle weight to total body weight. Reject the y-value if its corresponding ratio differs
from the rest of the group by more than 1.5 standard deviations.
If the data from one or more rats are missing, adjust to groups of equal size by suitable
means (see Design and Analysis of Biological Assays 111 , Replacement of Missing
Values). Total the values of y in each group, and designate each total as T, using
subscripts 1 to 3 for the three successive dosage levels and subscripts S and U for the
Standard and the material under test, respectively. Test both the agreement in slope of
the dosage–response lines for the Standard and for the material under test, and the lack
of curvature as directed for a 3-dose balanced assay (see Design and Analysis of
Biological Assay 111 , Tests of Assay Validity). If the combined discrepancy as
measured by F 3 exceeds its tabular value in Table 9, repeat the assay.
Determine the logarithm of luteinizing hormone potency of the Menotropins taken:
M = (4iT A/3T B) + log R
T=
A S(T
U
T=
B S(T

T S)

T 1)
i = interval between successive log doses of both the Standard solution and the Sample
solution
R= vS/vU, the ratio of the high dose of the Standard in USP Luteinizing Hormone Units (vS)
to the high dose of the Menotropins (vU), in mg
3

Compute the log confidence interval (see Design and Analysis of Biological Assays 111
).
Replication: Repeat the entire determination at least once. Test the agreement among the
two or more independent determinations, and compute the weight for each (see
Combination of Independent Assays

111 ). Calculate the weighted mean log-potency M

and its confidence interval, LC (see Confidence Intervals for Individual Assays 111 ).
The potency, P*, is satisfactory if P* = antilog M is NLT 80% and NMT 125% of the
labeled potency and if the confidence interval does not exceed 0.18.
• Follicle-Stimulating Hormone
Diluting solution: Using the Diluent under Assay for Luteinizing Hormone, dissolve USP
Human Chorionic Gonadotropin RS in Diluent to obtain a solution having a concentration of
70 USP Chorionic Gonadotropin Units/mL, readjusting the pH, if necessary, to 7.2 ± 0.2.
Standard solutions: Dissolve USP Menotropins RS in the Diluting solution to obtain solutions
having concentrations of 2.5, 5.0, and 10.0 USP Follicle-Stimulating Hormone Units/mL.
Sample solutions: Dissolve Menotropins for Injection in the Diluting solution to obtain
solutions having concentrations of 2.5, 5.0, and 10.0 USP Follicle-Stimulating Hormone
Units/mL.
Control solution: Diluting solution
[Note—Store all solutions at 5 ± 3 for the duration of the assay, and properly dispose of
any unused portions.]
Test animals: Select 20- to 21-day-old female rats with weights within a 10-g range of
each other. Proceed as directed under Test animals in the Assay for Luteinizing Hormone
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beginning with “House the animals”.
Dose determination trial: Use the method described for Procedure to determine a 3-dose
range in which the lowest dose produces a definite response in some of the rats in the
low-dose group (as compared with the control group) and the highest dose produces a
submaximal to maximal response in the high-dose group. Doses must be established in a
geometric progression. The normal dose response range will occur between 0.5 and 6.0
USP Follicle-Stimulating Hormone Units total dose/rat. Useful dose ranges will vary with
the sensitivity of the rat strain selected.
Procedure: Inject each rat of each group subcutaneously in the dorsal area with 0.2 mL of
the solution to which it was assigned. For Dose determination trial only, similarly inject
each rat in the control group with 0.2 mL of the Control solution. Repeat these injections
at approximately the same time of day after 24 and 48 h. Twenty-four h after the last
injection, weigh each rat, sacrifice the animals, and carefully dissect out the ovaries of
each rat, removing any fat and fibrous tissue. Thoroughly dry the ovaries by pressing
against absorbent paper, avoiding damage to follicles on the ovary surface, and
immediately weigh them to the nearest 0.2 mg, using a suitable balance.
Calculation: Tabulate the observed ovarian pair weight for each rat designated by the
symbol y, for each dosage group of f rats. For apparently outlying ovarian weight gain, an
attempt may be made to correct the organ mass relative to the mass of the rat from
which it was taken. For the y-value in question, calculate for each of the f rats in the
appropriate group the ratio of ovarian weight to the total body weight. Reject the y-value
if its corresponding ratio differs from the rest of the group by more than 1.5 standard
deviations. If the data from one or more rats are missing, adjust to groups of equal size by
suitable means (see Design and Analysis of Biological Assays 111 , Replacement of
Missing Values). Total the values of y in each group, and designate each total as T, using
subscripts 1 to 3 for the three successive dosage levels and subscripts S and U for the
Standard and the material under test, respectively. Test both the agreement in slope of
the dosage–response lines for the Standard and for the material under test, and the lack
of curvature as directed for a 3-dose balanced assay (see Design and Analysis of
Biological Assays 111 , Tests of Assay Validity). If the combined discrepancy as
measured by F 3 exceeds its tabular value in Table 9 (see Design and Analysis of Biological
Assays 111 , Combination of Independent Assays), regard these data as preliminary,
and repeat the assay.
Determine the logarithm of follicle-stimulating hormone potency of the Menotropins taken:
M = (4iT A/3T B) + log R
T=
A S(T
U
T=
B S(T

T S)

T 1)
i = interval between successive log doses of both the Standard solution and Sample
solution
R= vS/vU, the ratio of the high dose of the Standard in USP Units (vS) to the high dose of
the Menotropins (vU), in mg
3

Compute the log confidence interval (see Design and Analysis of Biological Assays 111
).
Replication: Repeat the entire determination at least once. Test the agreement among the
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two or more independent determinations, and compute the weights/mean log-potency M
and its confidence interval, LC (see Design and Analysis of Biological Assays 111 ,
Confidence Intervals for Individual Assays). If this exceeds 0.18, repeat the assay until
the confidence interval of the combined results is 0.18 or less. The potency P* is
satisfactory if P* = antilog M is NLT 80% and NMT 125% of the labeled potency and if the
log confidence interval does not exceed 0.18.
PERFORMANCE TESTS
• Uniformity of Dosage Units 905 : Open 10 containers and weigh each individual
container and its contents, taking care to preserve the identity of each container. Remove
the contents of each container by rinsing thoroughly with water, dry at 105 to constant
weight, and reweigh. Calculate for each container the net weight of its contents by
subtracting the weight of the dry, empty container from its initial gross weight. Determine
the average weight of the contents and the relative standard deviation (see Calculation of
the Relative Standard Deviation). The requirements are met if the weight of the contents
of each container does not deviate from the average weight by more than 5.0% and the
relative standard deviation of the 10 containers is NMT 3.0%. If the requirements of the
test are not met, test 20 additional containers. The requirements are met if the net weight
of NMT 1 container of the 30 deviates by more than 7.5% from the average weight of the
contents of the 30 containers and the relative standard deviation of the 30 containers is
NMT 3.3%.
SPECIFIC TESTS
• Bacterial Endotoxins Test
stimulating Hormone Unit.

85 : It contains NMT 2.5 USP Endotoxin Units/USP Follicle-

• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.
• pH

1 ,

791 : 6.0–7.0, in the solution constituted as directed in the labeling

• Sterility Tests

71 : Meets the requirements

• Other Requirements: It meets the requirements under Injections

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described under Injections
Solids.

1 , Containers for Sterile

• USP Reference Standards 11
USP Endotoxin RS
USP Human Chorionic Gonadotropin RS
USP Menotropins RS
2S (USP35)

BRIEFING
Metacresol, USP 34 page 3437. As part of the USP’s monograph modernization effort, it is
proposed to add a test for Organic Impurities to the monograph. The proposed gas
chromatographic procedure for Organic Impurities is based on analyses performed with a
Restek Rtx-225 brand of G7 column. The typical retention time for metacresol is about 23
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min.
(SM3: F. Mao.)
Correspondence Number—C94103

Comment deadline: September 30, 2011
Metacresol

C7 H8 O

108.14

3-Methylphenol;
3-Hydroxytoluene

[108-39-4].

DEFINITION
Metacresol contains NLT 95.0% and NMT 101.0% of C7 H8 O.
IDENTIFICATION
• A.
Sample: 10 mL
Analysis: Shake the Sample with 30 mL of water in a separator, and allow to separate.
The lower layer is clear; the upper layer clears slowly.
Acceptance criteria: To 5 mL of the upper layer add a drop of ferric chloride TS: a bluish
color is produced. To a separate 5-mL portion of the upper layer add bromine TS
dropwise: a white precipitate is obtained.
ASSAY
• Procedure
Sample solution: Transfer 10 drops of Metacresol to a 100-mL volumetric flask, and weigh
to determine the amount, in mg, added. Add 50 mL of 1 N sodium hydroxide, shake to
dissolve, and dilute with 1 N sodium hydroxide to volume. Transfer 10.0 mL of this solution
to an iodine flask, add about 50 mL of water and sufficient 18 N sulfuric acid to neutralize
the solution to litmus, and cool to 20 . Add 25.0 mL of 0.1 N bromine VS and 15 mL of
hydrochloric acid, and immediately insert the stopper. Shake the flask, and cool under
running water. Allow to stand in a cool, dark place for 30 min, shaking every 10 min. Cool
to 20 , quickly add 5 mL of 200 mg/mL of potassium iodide solution to the collar of the
flask, gently lift the stopper momentarily and allow the solution to be drawn into the flask,
shake thoroughly, and remove the stopper. Rinse the stopper and the inside neck of the
flask with a small quantity of water so that the washing flows into the flask. Add 1 mL of
chloroform, and shake.
Analysis: Titrate the liberated iodine with 0.1 N sodium thiosulfate VS, adding 3 mL of
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starch TS as the endpoint is approached. Perform a blank determination (see Titrimetry
541 , Residual Titrations). Each mL of 0.1 N bromine is equivalent to 1.802 mg of
metacresol (C7 H8 O).
Acceptance criteria: 95.0%–101.0%
IMPURITIES
Add the following:
• Organic Impurities
System suitability solution: 5 mg/mL each of metacresol, orthocresol, and paracresol in
methanol
Sensitivity solution: 5 µg/mL of Metacresol in methanol
Sample solution: 10 mg/mL of Metacresol in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame-ionization
Column: 0.25-mm × 30-m; 0.25-µm coating of G7
Temperature
Injection port: 200
Detector: 200
Column: See Table 1.
Initial
Temperature
( )

Temperature
Ramp
( /min)

Table 1
Final
Temperature
( )

Hold Time
at Final
Temperature
(min)
10
15

90
0
90
90
2
150
Carrier gas: Helium
Flow rate: 1.8 mL/min
Split ratio: 1:40
Injection size: 1 µL
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.4 between the paracresol and metacresol peaks, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Metacresol taken:
Result = (rU/rT) × 100
r=
U peak area of each individual impurity from the Sample solution
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r=
T sum of all the peak areas from the Sample solution
Acceptance criteria: See Table 2
Table 2
Relative
Acceptance
Retention
Criteria
Name
Time
NMT (%)
Orthocresol
0.85
0.5
Paracresol
0.99
0.5
Metacresol
1.00
—
Any unspecified impurity—
0.1
Total impurities
—
1.0
[Note—Disregard any peak less than 0.05%.]
2S (USP35)

SPECIFIC TESTS
• Clarity of Solution
A: Add 10 mL of metacresol to 10 mL of hexane, and mix: a clear solution is obtained.
B: Add 1.0 mL of metacresol to 20 mL of 1 N sodium hydroxide, and mix: a clear solution is
obtained.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
BRIEFING
Niacin Extended-Release Tablets. Because there is no existing USP monograph for this
dosage form, a new monograph is proposed. The HPLC procedure for the Assay and the test
for Organic Impurities was validated using a Merck Kga Purospher Star, 4.6-mm × 15-cm; 5µm amino-bonded silica column containing packing L8. The chromatographic procedure in the
test for Dissolution was validated using Bondapack C-18, 3.9-mm × 15-cm; 10-µm column
containing packing L1.
(DS: N. Davydova.)
Correspondence Number—C93985

Comment deadline: September 30, 2011
Add the following:
Niacin Extended-Release Tablets
DEFINITION
Niacin Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
niacin (C6 H5 NO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
• Procedure
Diluent: Methanol and water (82:18)
Mobile phase: Methanol and water (82:18), adjusted with glacial acetic acid to a pH of
3.15 ± 0.05
Standard solution: 250 µg/mL of USP Niacin RS, 50 µg/mL of USP 6-Hydroxynicotinic Acid
RS, and 97.8 µg/mL of pyridine in Diluent
Sample solution: Transfer a quantity of powder, equivalent to 50 mg of niacin from NLT
20 finely powdered Tablets, to a suitable flask, add Diluent, and stir for 2 h. Dilute with
Diluent to a final concentration of 250 µg/mL of niacin.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L8
Flow rate: 1.0 mL/min
Injection size: 25 µL
System suitability
Sample: Standard solution
[Note—See Table 4 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between pyridine and 6-hydroxynicotinic acid, and NLT 1.5
between 6-hydroxynicotinic acid and niacin
Relative standard deviation: NMT 3.0 % for each of the peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Times: 1, 3, 6, 9, 12, and 20 h
Solution A: Solution of sodium heptanesulfonate in acetic acid, methanol, and water
(4:44:33:19), w/w1
Mobile phase: Mixture of methanol, water, and Solution A (560:440:25)
Standard solution: USP Niacin RS at a known concentration in water in the range of 75–
750 µg/mL
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Sample solution: Filtered portion of the solution under test suitably diluted with the
Medium if necessary
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 15-cm; 10-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) dissolved:
Result = (rU/rS) × (CS × D × V/L) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP of Niacin RS in the Standard solution (mg/mL)
D= dilution factor for the Sample solution
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: The percentage of the labeled amount of niacin (C6 H5 NO2 ) dissolved at the
times specified in Tables 1, 2, and 3, conforms to Acceptance Table 2 in Dissolution
.
Table 1. For Tablets labeled to contain 500 mg/Tablet
Time Amount Dissolved
(h)
(%)
1
NMT 15
3
17–32
6
33–48
9
43–63
12
52–77
20
NLT 75
Table 2. For Tablets labeled to contain 750 mg/Tablet
Time Amount Dissolved
(h)
(%)
1
NMT 15
3
16–31
6
31–46
9
42–62

711
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Time Amount Dissolved
(h)
(%)
12
51–76
20
NLT 75
Table 3. For Tablets labeled to contain 1000 mg/Tablet
Time Amount Dissolved
(h)
(%)
1
NMT 15
3
15–30
6
30–45
9
40–60
12
50–75
20
NLT 75
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Diluent, Mobile phase, Standard solution, Sample solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 6-hydroxynicotinic acid or pyridine in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of 6-hydroxynicotinic acid or pyridine from the Sample solution
rS= peak area of 6-hydroxynicotinic acid or pyridine from the Standard solution
C=
S concentration of USP 6-Hydroxynicotinic Acid RS or pyridine in the Standard solution
(µg/mL)
C=
U nominal concentration of niacin in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (µg/mL)
C=
U nominal concentration of niacin in the Sample solution (µg/mL)
Acceptance criteria: See Table 4.

Name
Pyridine

Table 4
Relative
Retention
Time
0.14

Acceptance
Criteria,
NMT (%)
0.2
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Relative
Retention
Name
Time
6-Hydroxynicotinic acid
0.64
Niacin
1.0
Any unspecified impurity
—
Total impurities
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.1
1.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP 6-Hydroxynicotinic Acid RS
USP Niacin RS
2S (USP35)

1 C ommercially available from Waters C orporation as PIC B7 Reagent (Part # 85103).

BRIEFING
Nystatin Vaginal Inserts, USP 34 page 3699. On the basis of comments received the
monograph is revised to indicate the procedure to be used for the Disintegration test.
(SM1: A. Wise.)
Correspondence Number—C103133

Comment deadline: September 30, 2011
Nystatin Vaginal Inserts
DEFINITION
Nystatin Vaginal Inserts are composed of Nystatin with suitable binders, diluents, and
lubricants. Vaginal Inserts contain NLT 90.0% and NMT 140.0% of the labeled amount of USP
Nystatin Units.
ASSAY
• Nystatin
(See Antibiotics—Microbial Assays 81 .)
Sample stock solution: 400 USP Nystatin Units/mL in dimethylformamide prepared as
follows. Blend NLT 5 Vaginal Inserts for 3–5 min in a high-speed blender with a sufficient
volume of dimethylformamide to obtain a solution of suitable concentration. Dilute a
portion of this solution with dimethylformamide.
Test dilution: Dilute a volume of the Sample stock solution with Buffer No. 6 to obtain a
nystatin concentration assumed to be equal to the median dose level of the standard.
Acceptance criteria: 90.0%–140.0% of the labeled amount of USP Nystatin Units
PERFORMANCE TESTS
Change to read:
• Disintegration 701
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Time: 60 min
Analysis: Use the Procedure for Uncoated Tablets in the chapter.

2S (USP35)

Acceptance criteria: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 731 : Dry 100 mg of powdered Vaginal Inserts in a capillary-stoppered
bottle in vacuum at a pressure not exceeding 5 mm of mercury at 60 for 3 h: it loses NMT
5.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers and, where so
specified in the labeling, in a refrigerator.
• USP Reference Standards
USP Nystatin RS

11
BRIEFING

Oxycodone Hydrochloride Tablets, USP 34 page 3773. As part of the USP monograph
modernization effort, it is proposed to remove the Thin-Layer Chromatographic Identification
Test from the Identification section. This test uses chloroform as a solvent in the
preparation of the Sample and Standard solutions. Chloroform is considered a probable
carcinogen in humans.
(SM2: C. Anthony.)
Correspondence Number—C103564

Comment deadline: September 30, 2011
Oxycodone Hydrochloride Tablets
DEFINITION
Oxycodone Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
oxycodone hydrochloride (C18 H21 NO4 ·HCl).
IDENTIFICATION
• A. The retention time of the oxycodone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Delete the following:
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 0.9 mg/mL of oxycodone in chloroform
Sample solution: An equivalent to about 1 mg/mL of oxycodone hydrochloride in
chloroform. Transfer an equivalent to about 5 mg of oxycodone hydrochloride, from a
portion of powdered Tablets, to a suitable screw-capped tube. Add 5 mL of chloroform,
sonicate for about 30 s, shake for several min, and centrifuge. Use the clear supernatant.
Application volume: 20 µL
Developing solvent system: Acetone, toluene, ether, and ammonium hydroxide (6: 4: 1:
0.3)
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Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Spray with iodoplatinate TS.
Acceptance criteria: The RF value, color, and size of the principal spot from the Sample
solution corresponds to that from the Standard solution, and no other spot is observed.
2S (USP35)

ASSAY
• Procedure
Mobile phase: Acetonitrile, 0.01 M sodium 1-heptanesulfonate, and glacial acetic acid
(25:74:1). Adjust this mixture with 5 N sodium hydroxide to a pH of 3.5.
Standard solution: 0.045 mg/mL of USP Oxycodone RS in Mobile phase
Sample solution: 0.05 mg/mL of oxycodone hydrochloride in Mobile phase from NLT 20
finely powdered Tablets. Initially add 50% of the volume of the flask of Mobile phase,
sonicate for about 5 min, and shake by mechanical means for about 15 min. Dilute with
Mobile phase to volume, and pass a portion of this mixture through a filter of 0.5-µm or
finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.7 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the oxycodone peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxycodone hydrochloride
(C18 H21 NO4 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Oxycodone RS in the Standard solution (mg/mL)
CU= nominal concentration of oxycodone hydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of oxycodone hydrochloride, 351.82
Mr2
= molecular weight of the oxycodone base, 315.37
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 500 mL
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Apparatus 2: 50 rpm
Time: 45 min
Standard solution: Prepare a known concentration of USP Oxycodone RS in 0.1 N
hydrochloric acid.
Sample solution: Sample per Dissolution
Instrumental conditions

711 . Dilute with Medium as needed.

(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: Maximum at about 225 nm
Analysis
Samples: Standard solution and Sample solution
Tolerances: NLT 70% (Q) of the labeled amount of oxycodone hydrochloride
(C18 H21 NO4 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Oxycodone RS

11
BRIEFING

Oxycodone and Acetaminophen Capsules, USP 34 page 3776. On the basis of comments
received, it is proposed to revise the Uniformity of Dosage Units section to remove the
weight variation test. This section will now read “Meet the requirements”, indicating that the
instructions in Uniformity of Dosage Units
acetaminophen and oxycodone.

905

should be followed for both ingredients,

(SM2: C. Anthony.)
Correspondence Number—C103014

Comment deadline: September 30, 2011
Oxycodone and Acetaminophen Capsules
DEFINITION
Oxycodone and Acetaminophen Capsules contain Oxycodone Hydrochloride and Acetaminophen,
or Oxycodone Hydrochloride, Oxycodone Terephthalate, and Acetaminophen. Capsules contain
NLT 90.0% and NMT 110.0% of the labeled amounts of oxycodone hydrochloride or oxycodone
hydrochloride and oxycodone terephthalate, calculated as total oxycodone (C18 H21 NO4 ), and
NLT 90.0% and NMT 110.0% of the labeled amount of acetaminophen (C8 H9 NO2 ).
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Oxycodone RS in a mixture of methanol and water
(4:1)
Standard solution B: 0.5J mg/mL of USP Acetaminophen RS in a mixture of methanol and
water (4:1). [Note—J is the ratio of the labeled amount, in mg, of acetaminophen to the
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labeled amount, in mg, of oxycodone per Capsule. ]
Sample solution: Nominally equivalent to 0.5 mg/mL of oxycodone from Capsules in a
mixture of methanol and water (4:1). Sonicate for 5 min, and shake by mechanical means
for 15 min. Allow to settle, and use the clear supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of silica gel mixture
Application volume: 20 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:1:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Develop the chromatogram until the solvent front has
moved about three-fourths of the length of the plate. Mark the solvent front, and allow
the plate to air-dry for about 30 min. Expose the plate to iodine vapors in a closed
chamber, and locate the spots.
Acceptance criteria: The RF values of the principal spots from the Sample solution
correspond to those from the respective Standard solutions.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Methanol and 0.05 M dibasic potassium phosphate (1:9). Adjust with
phosphoric acid to a pH of 4.0.
Buffer: 0.95 mg/mL of monobasic potassium phosphate in water, phosphoric acid, and nnonylamine (1000:1:1). Prepare as follows: Add 950 mg of monobasic potassium
phosphate to 1000 mL of water. Add 1 mL of phosphoric acid, and stir until dissolved.
While stirring, add 1 mL of n-nonylamine, and stir until a clear solution is obtained. Adjust
with potassium hydroxide TS to a pH of 4.9 ± 0.1.
Mobile phase: Methanol and Buffer (1:9)
Oxycodone standard stock solution: 0.075 mg/mL of USP Oxycodone RS in Solution A
Standard stock solution: 0.03J mg/mL of USP Acetaminophen RS and 0.03 mg/mL of USP
Oxycodone RS in Solution A. Prepare by adding 40% of the flask volume of Solution A to
the appropriate quantity of USP Acetaminophen RS, and then adding 40% of the flask
volume of Oxycodone standard stock solution and diluting with Solution A to volume. [Note
—J is the ratio of the labeled amount of acetaminophen, in mg, to that of oxycodone
equivalent. ]
Standard solution: 0.003J mg/mL of USP Acetaminophen RS and 0.003 mg/mL of USP
Oxycodone RS in Mobile phase from Standard stock solution
Sample stock solution: Nominal equivalent of 0.03 mg/mL of oxycodone, from Capsules
(NLT 20), in Solution A in a suitable container. Shake by mechanical means for 1 h.
Sample solution: 0.003 mg/mL of oxycodone in Mobile phase from Sample stock solution.
Pass the resulting solution through a membrane filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for oxycodone and acetaminophen are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.4 between acetaminophen and oxycodone
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxycodone (C18 N21 NO4 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of oxycodone from the Sample solution
rS= peak response of oxycodone from the Standard solution
C=
S concentration of USP Oxycodone RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxycodone in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of acetaminophen (C8 H9 NO2 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of acetaminophen from the Sample solution
rS= peak response of acetaminophen from the Standard solution
C=
S concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
C=
U nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amounts of oxycodone hydrochloride or
oxycodone hydrochloride and oxycodone terephthalate, calculated as total oxycodone
(C18 H21 NO4 ), and 90.0%–110.0% of the labeled amount of acetaminophen (C8 H9 NO2 )
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 45 min

711

Sample solution: Sample per Dissolution 711 . Dilute with Medium as needed.
Analysis: Determine the amounts of oxycodone (C18 H21 NO4 ) and acetaminophen
(C8 H9 NO2 ) dissolved, using the procedure in the Assay, making any necessary volumetric
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adjustments, including adjusting the solution under test to a pH of about 5.5 before
injecting.
Tolerances: NLT 75% (Q) of the labeled amounts of oxycodone (C18 H21 NO4 ) and
acetaminophen (C8 H9 NO2 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 905 : Meet the requirements for Content Uniformity with
respect to oxycodone and for Weight Variation with respect to acetaminophen.
Meet the requirements 2S (USP35)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Acetaminophen RS
USP Oxycodone RS

11

BRIEFING
Oxycodone and Acetaminophen Tablets, USP 34 page 3777. On the basis of comments
received, it is proposed to revise the Uniformity of Dosage Units section to remove the
weight variation test. This section will now read “Meet the requirements”, indicating that the
instructions in Uniformity of Dosage Units
acetaminophen and oxycodone.

905

should be followed for both ingredients,

(SM2: C. Anthony.)
Correspondence Number—C85262

Comment deadline: September 30, 2011
Oxycodone and Acetaminophen Tablets
DEFINITION
Oxycodone and Acetaminophen Tablets contain Oxycodone Hydrochloride and Acetaminophen.
Tablets contain the equivalent of NLT 90.0% and NMT 110.0% of the labeled amount of
oxycodone (C18 H21 NO4 ), and NLT 90.0% and NMT 110.0% of the labeled amount of
acetaminophen (C8 H9 NO2 ).
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Oxycodone RS in a mixture of methanol and water
(4:1)
Standard solution B: 0.5J mg/mL of USP Acetaminophen RS in a mixture of methanol and
water (4:1). [Note—J is the ratio of the labeled amount, in mg, of acetaminophen to the
labeled amount, in mg, of oxycodone per Tablet. ]
Sample solution: Nominally equivalent to 2.5 mg of oxycodone from powdered Tablets in
a mixture of methanol and water (4:1). Sonicate for 5 min, and shake by mechanical
means for 15 min. Allow to settle, and use the clear supernatant.
Chromatographic system
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(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of silica gel mixture
Application volume: 20 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:1:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Develop the chromatographic plate until the solvent
front has moved about three-fourths of the length of the plate. Mark the solvent front,
and allow the plate to air-dry for about 30 min. Expose the plate to iodine vapors in a
closed chamber, and locate the spots.
Acceptance criteria: The RF values of the principal spots from the Sample solution
correspond to those from the respective Standard solutions.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Methanol and 0.05 M dibasic potassium phosphate (1:9). Adjust with
phosphoric acid to a pH of 4.0.
Buffer: 0.95 mg/mL of monobasic potassium phosphate in water, phosphoric acid, and nnonylamine (1000:1:1). Prepare as follows: Add 950 mg of monobasic potassium
phosphate to 1000 mL of water. Add 1 mL of phosphoric acid, and stir until dissolved.
While stirring, add 1 mL of n-nonylamine, and stir until a clear solution is obtained. Adjust
with potassium hydroxide TS to a pH of 4.9 ± 0.1.
Mobile phase: Methanol and Buffer (1:9)
Oxycodone standard stock solution: 0.075 mg/mL of USP Oxycodone RS in Solution A
Standard stock solution: 0.03J mg/mL of USP Acetaminophen RS and 0.03 mg/mL of USP
Oxycodone RS in Solution A. Prepare by adding 40% of the flask volume of Solution A to
the appropriate quantity of USP Acetaminophen RS, and then adding 40% of the flask
volume of Oxycodone standard stock solution and diluting with Solution A to volume. [Note
—J is the ratio of the labeled amount, in mg, of acetaminophen to that of oxycodone
equivalent. ]
Standard solution: 0.003J mg/mL of USP Acetaminophen RS and 0.003 mg/mL of USP
Oxycodone RS in Mobile phase from Standard stock solution
Sample stock solution: Nominal equivalent of 0.03 mg/mL of oxycodone, from powdered
Tablets (NLT 20), in Solution A in a suitable container. Shake by mechanical means for 1
h.
Sample solution: 0.003 mg/mL of oxycodone in Mobile phase from Sample stock solution.
Pass the resulting solution through a membrane filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
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Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for oxycodone and acetaminophen are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.4 between acetaminophen and oxycodone
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxycodone (C18 N21 NO4 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of oxycodone from the Sample solution
rS= peak response of oxycodone from the Standard solution
C=
S concentration of USP Oxycodone RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxycodone in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of acetaminophen (C8 H9 NO2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of acetaminophen from the Sample solution
rS= peak response of acetaminophen from the Standard solution
C=
S concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
C=
U nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of oxycodone (C18 H21 NO4 ),
and 90.0%–110.0% of the labeled amount of acetaminophen (C8 H9 NO2 )
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 45 min

711

Sample solution: Sample per Dissolution 711 . Dilute with Medium as needed.
Analysis: Determine the amounts of oxycodone (C18 H21 NO4 ) and acetaminophen
(C8 H9 NO2 ) dissolved, using the procedure in the Assay, and making any necessary
volumetric adjustments, including adjusting the solution under test to a pH of about 5.5
before injecting.
Tolerances: NLT 75% (Q) of the labeled amounts of oxycodone (C18 H21 NO4 ) and
acetaminophen (C8 H9 NO2 ) is dissolved.
Change to read:
• Uniformity of Dosage Units

905 : Meet the requirements for Content Uniformity with

PF 37(4): Jul.-Aug. 2011

346

respect to oxycodone and for Weight Variation with respect to acetaminophen
Meet the requirements 2S (USP35)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The Tablets may be labeled to indicate the content of oxycodone hydrochloride
(C18 H21 NO4 ·HCl) equivalent. Each mg of oxycodone is equivalent to 1.116 mg of
oxycodone hydrochloride.
• USP Reference Standards
USP Acetaminophen RS
USP Oxycodone RS

11

BRIEFING
Ritonavir, USP 34 page 4175. On the basis of comments received, it is proposed to revise the
following:
1.
Replace letter designated names of organic impurities to USP nicknames and provide
corresponding chemical names.
2.
Clarify the recommended storage procedure for solvents used in the Mobile phase in the
Assay.
3.
Specify the isocratic Mobile phase used in Assay.
4.
Delete the retention time because it is not typically included in the monograph.
(SM1: L. Santos.)
Correspondence Number—C92112

Comment deadline: September 30, 2011
Ritonavir

C37 H48 N6 O5 S2

720.94

2,4,7,12-Tetraazatridecan-13-oic acid, 10-hydroxy-2-methyl-5-(1-methylethyl)-1-[2-(1methylethyl)-4-thiazolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-5-thiazolylmethyl ester [5S(5R*,8R*,10R*,11R*)]-;
5-Thiazolylmethyl [( S)- -[(1S,3S)-1-hydroxy-3-[(2S)-2-[3-[(2-isopropyl-4-thiazolyl)methyl]3-methylureido]-3-methylbutyramido]-4-phenylbutyl]phenethyl]carbamate
[155213-67-5].
DEFINITION
Ritonavir contains NLT 97.0% and NMT 102.0% of C37 H48 N6 O5 S2 , calculated on the anhydrous
basis.
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution is within 2% of the retention
time of the major peak of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 4.1 mg/mL of monobasic potassium phosphate in water
Solution B: Acetonitrile, tetrahydrofuran (inhibitor-free), n-butanol, and Solution A
(18:8:5:69)
Solution C: Acetonitrile, tetrahydrofuran (inhibitor-free), n-butanol, and Solution A
(47:8:5:40)
Mobile phase: See the gradient table below.
[Note—Because of the high dependence of retention time and selectivity on the Mobile
phase composition, the volumes should be accurately measured. Excessive or continued
helium sparging must be avoided. Store the Mobile phase in a tightly sealed container
when not in use.]
Time
Solution B Solution C
(min)
(%)
(%)
0
100
0
60
100
0
120
0
100
120.1
100
0
155
100
0
Solution B

2S (USP35)

Diluent: Acetonitrile and Solution A (1:1)
Standard stock solution: 2.0 mg/mL of USP Ritonavir RS in Diluent. [Note—This solution
may be kept for 5 days if refrigerated. ]
Standard solution 1: 0.10 mg/mL of USP Ritonavir RS from the Standard stock solution
diluted with Diluent
Standard solution 2: 0.025 mg/mL of USP Ritonavir RS from Standard solution 1 diluted
with Diluent
Sample solution: 0.025 mg/mL of Ritonavir in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26
Column temperature: 60
Flow rate: 1 mL/min
Injection size: 50 µL
Run time: 40 min
System suitability
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Sample: Standard solution 2
[Note—The retention time for ritonavir is 30–35 min.]
2S (USP35)

Suitability requirements
Capacity factor, k': NLT 13
Column efficiency: NLT 5000 theoretical plates
Tailing factor: 0.8–1.2
Relative standard deviation:
NMT 2S (USP35)
2.0%
Analysis
Samples: Standard solution 2 and Sample solution
Calculate the percentage of ritonavir (C37 H48 N6 O5 S2 ) in the portion of Ritonavir taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in Standard solution 2 (mg/mL)
C=
U concentration of Ritonavir in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%, determined on 1.0 g
• Heavy Metals, Method II 231 : NMT 20 ppm, using 1.0 g of Ritonavir and 2 mL of
Standard Lead Solution (10 ppm Pb) in the Standard Preparation
Change to read:
• Organic Impurities
[Note—Ritonavir is alkali sensitive. All glassware should be prerinsed with distilled water before
use to remove residual detergent contamination.]
Solution A, Solution B, Solution C, Mobile phase, Diluent, Standard stock solution, and
Standard solution 1: Prepare as directed in the Assay.
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
100
0
60
100
0
120
0
100
120.1
100
0
155
100
0
2S (USP35)
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Identity solution: 1 mg/mL of USP Ritonavir Related Compounds Mixture RS in Diluent
Standard solution 2: 5 µg/mL of USP Ritonavir RS from Standard solution 1 in Diluent. [Note
—This is stable for 48 h. ]
Sample solution: 1 mg/mL of Ritonavir in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26
Column temperature: 60
Flow rate: 1 mL/min
Injection size: 50 µL
Run time
Standard solution 2: 40 min
System suitability
Samples: Identity solution and Standard solution 2
[Note—The retention time of ritonavir is 30–35 min.
2S (USP35)

See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.0 between the impurity E and impurity F
hydroxyritonavir and hydantoin aminoalcohol peaks, 2S (USP35)
Identity solution
Peak-to-valley ratio: NLT 1 for ritonavir and impurity N (regioisomer)
the 4-hydroxy isomer, 2S (USP35)
Identity solution
Capacity factor, k': NLT 13, Standard solution 2
Column efficiency: NLT 5000 theoretical plates, Standard solution 2
Tailing factor: 0.8–1.2, Standard solution 2
Relative standard deviation NMT 3.0%, Standard solution 2
Analysis
Samples: Diluent, Identity solution, Standard solution 2, and Sample solution
Calculate the percentage of each impurity in the portion of Ritonavir taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from Standard solution 2
C=
S concentration of Standard solution 2 (mg/mL)
C=
U concentration of Ritonavir in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Impurity Table 1
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Table 2

Name
Mixture of 2,4-Wing acid and monoacyl
valine (A + B)
Mixture of ureidovaline and Ndeacylvaline ritonavira 2S (USP35)
Monoacylacetamide (C)
Acetamidoalcoholb 2S (USP35)
5-Wing diacyl (D)
2,5-Thiazolylmethyldicarbamatec
2S (USP35)

Oxidation impurity (E)
Hydroxyritonavird 2S (USP35)
Acid hydrolysis product (F)
Hydantoin aminoalcohole 2S (USP35)
Ritonavir hydroperoxide (G)
Ritonavir hydroperoxidef 2S (USP35)
Acid/base by-product (H)
Hydantoin-oxazolidinone derivativeg
2S (USP35)

Ethyl analog (I)
Ethyl analogh 2S (USP35)
Mixture of Boc-monoacyl and monoacyl
isobutyl carbamate (J + K)
Mixture of BOC-aminoalcohol and
isobutoxycarbonyl aminoalcoholi
2S (USP35)

Base cyclization product (L)
Oxazolidinone derivativej 2S (USP35)
2,4-Wing isobutyl ester (M)
Ureidovaline isobutyl esterk 2S (USP35)
Regioisomer (N)
4-Hydroxy isomerl 2S (USP35)
Isomer #2 (O)
3-Epimerm 2S (USP35)
Di-monoacyl urea (P)
Aminoalcohol urea derivativen 2S (USP35)
Isomer #4 (Q)
3R,5R-Diastereomero 2S (USP35)
Isomer #1 (R)
5-Epimerp 2S (USP35)
Di-monoacyl valine urea (S)
Valine urea analogq 2S (USP35)
2,4-Wing diacyl (T)
Divalinyl analogr 2S (USP35)

2S (USP35)

Relative
Retention
Time

Relative
Response
Factor

0.07

Acceptance
Criteria,
NMT (%)

1.0

0.1

0.15

1.0

0.1

0.24

1.37

0.1

0.36

1.0

0.3

0.39

0.73

0.1

0.45

1.0

0.1

0.47

0.76

0.1

0.64

1.0

0.1

0.81

0.74

0.87

0.53

0.1

0.94

1.0

0.1

1.05

1.0

0.1

1.11

1.0

0.3

1.14

1.0

0.1

1.23

1.0

0.1

1.32

1.0

0.1

1.62

1.0

0.1

2.87

0.73

0.2

0.1
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O-Acyl ritonavirs 2S (USP35)
Any other individual impurity
Total impurities
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3.20
—
—

1.0
1.0
—

0.1
0.1
1.0
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a Ureidovaline is [N-Methyl[(2-isopropyl-4-thiazolyl)methyl]amino]carbonyl-l-valine and
N-deacylvaline ritonavir is Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
b Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
c Bis(thiazol-5-ylmethyl) (2S,3S,5S)-3-hydroxy-1,6-diphenylhexane-2,5-diyldicarbamate.
d Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-2-(3-{[2-(2-hydroxypropan-2yl)thiazol-4-yl]methyl}-3-methylureido)-3-methylbutanamido]-1,6-diphenylhexan-2ylcarbamate.
e Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1yl]-1,6-diphenylhexan-2-ylcarbamate.
f Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-(3-{[2-(2-hydroperoxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
g (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5-dioxoimidazolidin1-yl]-3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
h Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
i BOC-aminoalcohol is Thiazol-5-ylmethyl (2S,3S,5S)-(5-t-butoxycarbonylamino)-3hydroxy-1,6-diphenylhexan-2-ylcarbamate and Isobutoxycarbonyl aminoalcohol is
Thiazol-5-ylmethyl (2S,3S,5S)-(5-isobutoxycarbonylamino)-3-hydroxy-1,6-diphenylhexan2-ylcarbamate.
j (S)-N-[(S)-1-[(4S,5S)-4-benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide.
k (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3methylbutanoate.
l Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
m Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
n Bis(thiazol-5-ylmethyl) (2S,2'S,3S,3'S,5S,5'S)-5,5'-carbonylbis(azanediyl)bis(3-hydroxy1,6-diphenylhexane-5,2-diyl)dicarbamate.
o Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
p Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
q (3S,4S,6S,10S,13S,15S,16S)-Bis(thiazol-5-ylmethyl)-4,15-dihydroxy-10-isopropyl8,11-dioxo-3,6,13,16-tetrabenzyl-2,7,9,12,17-pentaazaoctadecanedioate.
r (2S,2'S)-N,N'-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis(2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide).
s (S)-[(5S,8S,10S,11S)-8,11-Dibenzyl-5-isopropyl-1-(2-isopropylthiazol-4-yl)-2-methyl3,6,13-trioxo-15-(thiazol-5-yl)-14-oxa-2,4,7,12-tetraazapentadecan-10-yl] 2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate. 2S (USP35)
SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 0.5%, determined on 0.500 g
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• X-Ray Diffraction 941 : The X-ray diffraction pattern conforms to that of USP Ritonavir
RS, if used in a solid dosage form.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store between 5 and
30 .
• USP Reference Standards 11
USP Ritonavir RS
USP Ritonavir Related Compounds Mixture RS
BRIEFING
Sulfaquinoxaline, USP 34 page 4308. On the basis of comments and data received, it is
proposed to revise the Standard solution and Sample solution concentrations in the Assay so
the corresponding peak responses fall into the linear range of the procedure. Additionally,
the system suitability requirements are revised to omit column efficiency and tighten the
relative standard deviation to NMT 1.0%. As part of the USP's modernization efforts, it is
also proposed to remove Identification test C. The remaining identification tests are capable
of identifying the drug substance and do not require supplementation by the wet chemistry
test.
(SM32010: M. Puderbaugh.)
Correspondence Number—C95531

Comment deadline: September 30, 2011
Sulfaquinoxaline

C14 H12 N4 O2 S

300.34

N1-2-Quinoxalinylsulfanilamide

[59-40-5].

DEFINITION
Sulfaquinoxaline contains NLT 98.0% and NMT 101.0% of C14 H12 N4 O2 S, calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 10 µg/mL in 0.01 N sodium hydroxide
Acceptance criteria: Meets the requirements
Delete the following:
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Delete the following:
• C.
Sample: 4 mg
Analysis: Dissolve the Sample in 2 mL of 2 N hydrochloric acid, add 0.2 mL of 10 mg/mL
sodium nitrite solution, and allow to stand for 2 min. Add the solution to 1 mL of 2naphthol TS.
Acceptance criteria: An orange-red precipitate is formed. 2S (USP35)
ASSAY
Change to read:
• Procedure
Mobile phase: 2 g/L of monobasic ammonium phosphate in a mixture of acetonitrile, glacial
acetic acid, tetrahydrofuran, ammonium hydroxide, and water (400:10:5:2:583). Pass
through a filter of 0.5-µm or finer pore size.
Standard solution: 0.7 mg/mL
0.06 mg/mL 2S (USP35)
of USP Sulfaquinoxaline RS in 0.01 N sodium hydroxide
Sample solution: 0.7 mg/mL
0.06 mg/mL 2S (USP35)
of Sulfaquinoxaline in 0.01 N sodium hydroxide
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates
2S (USP35)

Tailing factor: NMT 1.2
Relative standard deviation: NMT 2.0%
NMT 1.0% 2S (USP35)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfaquinoxaline (C14 H12 N4 O2 S) in the portion of
Sulfaquinoxaline taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Sulfaquinoxaline RS in the Standard solution (mg/mL)
C=
U concentration of Sulfaquinoxaline in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : 20 ppm
• Organic Impurities
Sample solution: 4 mg/mL, prepared as follows. Dissolve 400 mg of Sulfaquinoxaline in 4
mL of 1 N sodium hydroxide, dilute with methanol to 100 mL, and mix.
Standard solution A: 0.12 mg/mL of USP Sulfaquinoxaline Related Compound A RS in
methanol
Standard solution B: 0.04 mg/mL of sulfanilamide in methanol
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Chloroform, methanol, and ammonium hydroxide (60:40:20)
Analysis: Separately apply each solution to the TLC plate, and proceed as directed in the
chapter. When the solvent front has moved about three-fourths the length of the plate,
remove the plate from the chamber, mark the solvent front, allow it to air-dry, and
examine the plate under short-wavelength UV light.
Acceptance criteria: No spot corresponding to sulfaquinoxaline related compound A in the
chromatogram of the Sample solution is more intense than the principal spot in the
chromatogram of Standard solution A (NMT 3.0%); and no spot, other than the principal
spot and the sulfaquinoxaline related compound A spot, in the chromatogram of the
Sample solution is more intense than the principal spot in the chromatogram of Standard
solution B (NMT 1.0%).
SPECIFIC TESTS
• Acidity
Sample: 2 g
Analysis: Digest the Sample with 100 mL of water at about 70 for 5 min, cool to about 20
, and filter. Titrate 50 mL of the filtrate with 0.1 N sodium hydroxide VS to a pH of 7.0.
Acceptance criteria: NMT 0.2 mL is required
• Loss on Drying 731 : Dry a sample at 105 for 4 h: it loses NMT 1.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light.
• Labeling: Label it to indicate that it is for veterinary use only.
• USP Reference Standards 11
USP Sulfaquinoxaline Related Compound A RS
N1,N2-Diquinoxalin-2-ylsulfanilamide
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C22 H16 N6 SO2
428.50
USP Sulfaquinoxaline RS
BRIEFING
Valsartan and Hydrochlorothiazide Tablets, USP 34 page 4563 and page 1580 of PF 36(6)
[Nov.–Dec. 2010]. On the basis of comments received, it is proposed to reinstate the
Spectrophotometric procedure in the Dissolution test.
(SM2: M. Marques.)
Correspondence Number—C101690

Comment deadline: September 30, 2011
Valsartan and Hydrochlorothiazide Tablets
DEFINITION
Valsartan and Hydrochlorothiazide Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amounts of valsartan (C24 H29 N5 O3 ) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Sample solution: To an amount of ground Tablets, equivalent in weight to a single Tablet,
add 2.0 mL of acetone, sonicate for 15 min, and centrifuge.
Application volume: 2 µL
Developing solvent system: Ethyl acetate, dehydrated alcohol, and 3.6 M of ammonium
hydroxide (8:2:1)
Analysis: Proceed as directed in the chapter, except develop the plate in a paper-lined
chromatographic chamber equilibrated with Developing solvent system for 15 min before
use. Allow the chromatogram to develop until the solvent front has moved at least 7 cm.
After removing the plate and marking the solvent front, dry the plate under a current of
warm air. The RF values of the principal spots from the Sample solution correspond to
those from the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Acetonitrile and water (1:1)
Solution A: Acetonitrile, water, and trifluoroacetic acid (10: 90: 0.1)
Solution B: Acetonitrile, water, and trifluoroacetic acid (90: 10: 0.1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
25
10
90
27
90
10
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Time
Solution A Solution B
(min)
(%)
(%)
40
90
10
Standard solution: Transfer 12.5 mg of USP Hydrochlorothiazide RS to a 200-mL
volumetric flask, and add 12.5J mg of USP Valsartan RS, J being the ratio of the labeled
amount, in mg, of valsartan to the labeled amount, in mg, of hydrochlorothiazide per
Tablet. Add 100 mL of Diluent, sonicate for 15 min, dilute with Diluent to 250 mL, and mix.
Transfer 25.0 mL of this solution to a 50-mL volumetric flask, dilute with Diluent to
volume, and mix. Dilute with Diluent to obtain a solution having a concentration of 0.2
mg/mL of USP Valsartan RS in Diluent.
Sample stock solution: To the equivalent of 62.5 mg of hydrochlorothiazide from a number
of Tablets add 5 mL of water, and allow to stand for 5 min. Then add 100 mL of Diluent,
sonicate for 15 min, and shake for 30 min. Dilute with Diluent to 250 mL, and centrifuge a
portion of this solution at 3000 rpm. Dilute 25.0 mL of the clear supernatant with Diluent
to 200.0 mL.
Sample solution: 0.2 mg/mL of valsartan, from Sample stock solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 3.0-mm × 12.5-cm; 5-µm packing L1
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding analyte in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: pH 6.8 phosphate buffer; 1000 mL
Apparatus 2: 50 rpm
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Time: 30 min
Determine the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved by using one of the following procedures.
Spectrophotometric procedure
(See Spectrophotometry and Light-Scattering

851 .)

2S (USP35)

Analytical wavelength: 250 nm for valsartan and 272 nm for hydrochlorothiazide
Cell path length: 0.2-cm quartz
Standard solution: USP Hydrochlorothiazide RS and USP Valsartan RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable glass fiber filter
of 1-µm pore size. Dilute with Medium, if necessary, to a concentration similar to that of the
Standard solution.
Analysis
Calculate the percentage of valsartan (C24 H29 N5 O3 ) dissolved:
Result = [(AT 2 × D)

(AT 1 × E)/(C × D)

(B × E)] × 12,500

Calculate the percentage of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved:
Result = [(AT 1 × C)

(AT 2 × B)/(D × C)

AT=
1 absorbance of the Sample solution at 272 nm
AT=
2 absorbance of the Sample solution at 250 nm
B = A1%V272 , absorptivity (1%, 0.2 cm, 272 nm) of
C = A1%V250 , absorptivity (1%, 0.2 cm, 250 nm) of
D = A1%H272 , absorptivity (1%, 0.2 cm, 272 nm) of
E = A1%H250 , absorptivity (1%, 0.2 cm, 250 nm) of
Chromatographic procedure
Diluent: Water and acetonitrile (1:1)
Solution A: 0.2 M ammonium acetate (15.4 g/L of
with glacial acetic acid to a pH of 5.6
Solution B: Acetonitrile
Mobile phase: See Table 2.

(E × B)] × 80,000

valsartan in Medium
valsartan in Medium
hydrochlorothiazide in Medium
hydrochlorothiazide in Medium

ammonium acetate in water), adjusted

Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
88
12
4
65
35
7
88
12
8
88
12
System suitability solution: 80 µg/mL of USP Valsartan RS, 60 µg/mL of USP
Hydrochlorothiazide RS, 30 µg/mL of USP Benzothiadiazine Related Compound A RS, and 200
µg/mL of USP Valsartan Related Compound B RS in Diluent. Transfer 25 mL of this solution to
a 100-mL volumetric flask, and dilute with Medium to volume.
Standard solution: Transfer about 12.5 mg of USP Hydrochlorothiazide RS to a 200-mL
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volumetric flask. Add about 12.5J mg of USP Valsartan RS, with J being the ratio of the
labeled amount (mg) of valsartan to the labeled amount (mg) of hydrochlorothiazide per
Tablet. Dilute with Diluent to volume. Transfer 10 mL of this solution to a 50-mL volumetric
flask, and dilute with Medium to volume.
Sample solution: For Tablets labeled to contain 12.5 mg of hydrochlorothiazide, pass a
portion of the solution under test through a suitable filter.
For Tablets labeled to contain 25 mg of hydrochlorothiazide, pass a portion of the solution
under test through a suitable filter, and dilute with Medium (1:1).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between valsartan and valsartan related compound B; NLT 2.0
between hydrochlorothiazide and benzothiadiazine related compound A, System
suitability solution
Relative standard deviation: NMT 2.0% for both valsartan and hydrochorothiazide,
Standard solution
Analysis
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response of valsartan or hydrochlorothiazide from the Sample solution
rS= peak response of valsartan or hydrochlorothiazide from the Standard solution
C=
S concentration of valsartan or hydrochlorothiazide in the Standard solution (mg/mL)
L= label claim for valsartan or hydrochlorothiazide (mg/Tablet)
D= dilution factor of the Sample solution, if applicable
V= volume of Medium, 1000 mL
2S (USP35)

Tolerances: NLT 80% (Q) of the labeled amount of valsartan (C24 H29 N5 O3 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) is dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Diluent, Solution A, Solution B, Mobile phase, Standard solution, and
Chromatographic system: Proceed as directed in the Assay.
Sample solution: Transfer 1 Tablet to a 200-mL volumetric flask, add 5 mL of water, and
allow to stand for 5 min. Add 100 mL of Diluent, and sonicate for 15 min. Dilute with
Diluent to 250 mL, mix, and centrifuge a portion of this solution at 3000 rpm. Dilute a
volume of the clear supernatant with Diluent to obtain a solution having a concentration
of 0.2 mg/mL of valsartan.
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valsartan (C24 H29 N5 O3 ) and hydrochlorothiazide
(C7 H8 ClN3 O4 S2 ) in the Tablet taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding analyte in the Sample solution (mg/mL)
Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Diluent, Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard stock solution: 0.03 mg/mL of USP Benzothiadiazine Related Compound A RS,
0.06 mg/mL of USP Hydrochlorothiazide RS, 0.08 mg/mL of USP Valsartan RS, and 0.2
mg/mL of USP Valsartan Related Compound B RS in Diluent
System suitability solution: Dilute 5.0 mL of the Standard stock solution with Diluent to
100 mL.
Standard solution: Dilute 10.0 mL of the System suitability solution in 100.0 mL of Diluent.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.4 between valsartan related compound B and valsartan and NLT 1.4
between benzothiadiazine related compound A and hydrochlorothiazide, System
suitability solution
Relative standard deviation: NMT 10.0% for the valsartan and hydrochlorothiazide
peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Disregard the peak, if any, with a retention time of 22 min.
Calculate the percentage of benzothiadiazine related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzothiadiazine related compound A from the Sample solution
rS= peak response of benzothiadiazine related compound A from the Standard solution
C=
S concentration of benzothiadiazine related compound A in the Standard solution (mg/mL)
C=
U nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Calculate the percentage of each other impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of each other impurity from the Sample solution
rS= peak response of valsartan from the Standard solution
C=
S concentration of valsartan in the Standard solution (mg/mL)
C=
U nominal concentration of valsartan (for calculating other impurities) in the Sample
solution (mg/mL)
Acceptance criteria: NMT 1.0% of benzothiadiazine related compound A; NMT 0.2% of
any other impurity, excluding valsartan related compound A; NMT 1.3% of total impurities,
excluding valsartan related compound A. [Note—Valsartan related compound A is the
enantiomer of valsartan and coelutes with valsartan in this test. ]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and protect from moisture and heat.
Store at controlled room temperature.
• USP Reference Standards 11
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Hydrochlorothiazide RS
USP Valsartan RS
USP Valsartan Related Compound B RS
(S-N-Butyryl-N-([2¢-(1H-tetrazole-5-yl)biphen-4-yl]methyl)-valine.
C23 H27 N5 O3
421.49
BRIEFING
Voriconazole. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods of analyses. The liquid chromatographic
procedures in the Assay and the test for Voriconazole Related Compounds C and D are
based on analyses performed with the Nova-Pak C18 brand of L1 column. The typical
retention time for voriconazole in the Assay and the test for Voriconazole Related
Compounds C and D is 6.5–9.0 min. The liquid chromatographic procedure in the test for
Voriconazole Related Compound F is based on analyses performed with the OmniPac PAX
100 brand of L46 column. The typical retention time for voriconazole related compound F is
about 6.6 min. The liquid chromatographic procedure in the test for Voriconazole Related
Compound B is based on analyses performed with the Astec Cyclobond I2000 brand of L45
column. The typical retention times for voriconazole and voriconazole related compound B
are about 5.8 and 8.1 min, respectively.
(SM1: L. Santos, R. Tirumalai.)
Correspondence Number—C92600

Comment deadline: September 30, 2011
Add the following:
Voriconazole
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349.31

4-Pyrimidineethanol,

-(2,4-difluorophenyl)-5-fluoro- -methyl- -(1H-1,2,4-triazol-1-

ylmethyl)-, ( R, S)-;
( R, S)- -(2,4-Difluorophenyl)-5-fluoro- -methyl- -(1H-1,2,4-triazol-1-ylmethyl)-4pyrimidineethanol
[137234-62-9].
DEFINITION
Voriconazole contains NLT 97.5% and NMT 102.0% of Voriconazole (C16 H14 F 3 N5 O), calculated
on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Voriconazole Related Compound B.
ASSAY
• Procedure
Buffer: 1.9 g/L of ammonium formate in water. Adjust with formic acid to a pH of 4.0.
Mobile phase: Acetonitrile, methanol, and Buffer (15:30:55)
Standard solution: 25 µg/mL of USP Voriconazole RS in Mobile phase. [Note—Sonicate to
dissolve, if necessary. ]
Sample solution: 25 µg/mL of Voriconazole in Mobile phase.[Note—Sonicate to dissolve, if
necessary. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 256 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Column efficiency: NLT 3500 theoretical plates
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of voriconazole (C16 H14 F 3 N5 O) in the portion of Voriconazole
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Voriconazole RS in the Standard solution (µg/mL)
C=
U concentration of voriconazole in the Sample solution (µg/mL)
Acceptance criteria: 97.5%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Heavy Metals, Method II 231 : NMT 10 ppm
• Residue on Ignition 281 : NMT 0.1%
• Voriconazole Related Compounds C and D
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 0.25 µg/mL of USP Voriconazole RS
Standard solution: 2.5 µg/mL each of USP Voriconazole RS, USP Voriconazole Related
Compound C RS, and USP Voriconazole Related Compound D RS in Mobile phase. [Note
—Sonicate to dissolve, if necessary. ]
Sample solution: 500 µg/mL of Voriconazole in Mobile phase.[Note—Sonicate to dissolve,
if necessary. ]
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the voriconazole peak, Standard solution
Column efficiency: NLT 3500 theoretical plates for the voriconazole peak, Standard
solution
Relative standard deviation: NMT 10.0%, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of voriconazole related compound C and voriconazole related
compound D in the portion of Voriconazole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of voriconazole related compound C or voriconazole related compound
D from the Sample solution
rS= peak response of voriconazole related compound C or voriconazole related compound
D from the Standard solution
C=
S concentration of USP Voriconazole Related Compound C RS or USP Voriconazole
Related Compound D RS in the Standard solution (µg/mL)
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C=
U concentration of voriconazole in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Voriconazole
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of voriconazole from the Standard solution
C=
S concentration of USP Voriconazole RS in the Standard solution (µg/mL)
C=
U concentration of voriconazole in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Voriconazole related compound Ca
0.26
0.2
b
Voriconazole related compound D
0.61
0.1
Voriconazole
1.0
—
Any unspecified impurityc
—
0.1
d
Total impurities
—
0.5
a 1-(2,4-Difluorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone.
b (2RS,3SR)-2-(2,4-Difluorophenyl)-3-(pyrimidin-4-yl)-1-(1H-1,2,4-triazol-1-yl)butan-2-ol.
c Disregard peaks less than 0.05%.
d Include voriconazole related compound B and voriconazole related compound F.
• Voriconazole Related Compound F
Sodium hydroxide solution: 470 g/L of sodium hydroxide in water
Mobile phase: Methanol, water, and Sodium hydroxide solution (500: 1500: 0.175). [Note
—Minimize the carbonate formation in the Mobile phase by degassing methanol and water
before mixing. ]
Suppressant solution: 12 mM of sulfuric acid in water
Chloride stock solution: 85 µg/mL of USP Sodium Chloride RS in water
Standard stock solution: 250 µg/mL of USP Voriconazole Related Compound F RS. Dissolve
in 50% of the final volume with methanol, and dilute with Mobile phase to volume.
Standard solution: 5 µg/mL of USP Voriconazole Related Compound F RS from the
Standard stock solution in a mixture of methanol and Mobile phase (50:50)
System suitability solution A: 5 µg/mL of USP Voriconazole Related Compound F RS from
the Standard stock solution and 1.7 µg/mL of USP Sodium Chloride RS in a mixture of
methanol and Mobile phase (50:50)
System suitability solution B: 2.5 µg/mL of USP Voriconazole Related Compound F RS
from the Standard solution in Mobile phase
Sample solution: 5 mg/mL of Voriconazole. Dissolve in 50% of the final volume with
methanol, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: Ion Chromatography/LC
Detector: Conductivity with anion suppressor
Column: 4-mm × 5-cm guard column and 4-mm × 25-cm analytical column; both packing
L46
Column temperature: 40
Flow rate: 1 mL/min
Flow rate (for anion suppressor): 2 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution A and System suitability solution B
[Note—The relative retention times for acetate ion, voriconazole related compound F, and
chloride ion are 0.47, 1.0, and 1.5, respectively.]
Suitability requirements
Resolution: NLT 3.5 between the voriconazole related compound F and chloride peaks,
System suitability solution A
Tailing factor: NMT 2.0, System suitability solution B
Relative standard deviation: NMT 10.0%, System suitability solution B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of voriconazole related compound F in the portion of
Voriconazole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of voriconazole related compound F from the Sample solution
rS= peak response of voriconazole related compound F from the Standard solution
C=
S concentration of USP Voriconazole Related Compound F RS in the Standard solution
(µg/mL)
C=
U concentration of voriconazole in the Sample solution (µg/mL)
Acceptance criteria: NMT 0.1%
• Voriconazole Related Compound B
Buffer: 0.8 g/L of ammonium acetate. Adjust with glacial acetic acid to a pH of 5.0.
Mobile phase: Acetonitrile and Buffer (18:82)
System suitability solution A: 500 µg/mL of USP Voriconazole RS and 2.5 µg/mL of USP
Voriconazole Related Compound B in Mobile phase. [Note—Sonicate to dissolve, if
necessary. ]
System suitability solution B: 0.25 µg/mL of USP Voriconazole Related Compound B RS in
Mobile phase
Standard solution: 2.5 µg/mL of USP Voriconazole Related Compound B RS in Mobile phase
Sample solution: 500 µg/mL of Voriconazole in Mobile phase. [Note—Sonicate to dissolve,
if necessary. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 256 nm
Column: 4.6-mm × 25-cm; 5-µm packing L45
Column temperature: 30
Flow rate: 1 mL/min
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Injection size: 20 µL
System suitability
Samples: System suitability solution A and System suitability solution B
[Note—The relative retention times for voriconazole and voriconazole related compound B
are 1.0 and 1.4, respectively.]
Suitability requirements
Resolution: NLT 4.0 between the voriconazole and voriconazole related compound B
peaks, System suitability solution A
Tailing factor: NMT 2.0 for the voriconazole related compound B peak, System
suitability solution A
Relative standard deviation: NMT 10.0%, System suitability solution B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of voriconazole related compound B in the portion of
Voriconazole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of voriconazole related compound B from the Sample solution
rS= peak response of voriconazole related compound B from the Standard solution
C=
S concentration of USP Voriconazole Related Compound B RS in the Standard solution
(µg/mL)
C=
U concentration of voriconazole in the Sample solution (µg/mL)
Acceptance criteria: NMT 0.2%
SPECIFIC TESTS
• Bacterial Endotoxins Test 85 : Where the label states that Voriconazole is sterile or
that it must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.2 USP Endotoxin Units/mg of voriconazole.
• Sterility Tests 71 : Where the label states that Voriconazole is sterile, it meets the
requirements.
• Water Determination, Method I 921 : NMT 0.4%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards 11
USP Endotoxin RS
USP Sodium Chloride RS
USP Voriconazole RS
USP Voriconazole Related Compound B RS
(2S,3R)-2-(2,4-Difluorophenyl)-3-(5-fluoropyrimidin-4-yl)-1-(1H-1,2,4-triazol-1yl)butan-2-ol.
C16 H14 F 3 N5 O
331.32
USP Voriconazole Related Compound C RS
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1-(2,4-Difluorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethanone.
C10 H7 N3 OF 2
223.18
USP Voriconazole Related Compound D RS
(2RS,3SR)-2-(2,4-Difluorophenyl)-3-(pyrimidin-4-yl)-1-(1H-1,2,4-triazol-1-yl)butan-2ol.
C16 H15 F 2 N5 O
331.32
USP Voriconazole Related Compound F RS
{(1RS,4SR)-7,7-Dimethyl-2-oxobicyclo[2.2.1]hept-1-yl}methanesulphonic acid.
C10 H16 O4 S
232.30
2S (USP35)
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are

PF 37(4): Jul.-Aug. 2011

371

critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
In Vitro Assessment of Spacers and Valved Holding Chambers Used with Pressurized
Metered-dose Inhalers: The Need for a USP Chapter with Clinically Relevant Test
Methods
Jolyon P. Mitchell, Guirag Poochikian, Anthony J. Hickey, Jason Suggett, P.D. Curry, Terrence P.
Tougasa
ABSTRACT Spacers and valved holding chambers (VHCs) are widely prescribed for use with
pressurized metered-dose inhalers. Currently there is no pharmacopeial instruction provided for
these add-on devices, which significantly modify the particle size distribution of the aerosol
emitted from the inhaler and therefore affect the likely particle deposition profile in the human
respiratory tract. This Stimuli article proposes a series of laboratory tests with procedures and
acceptance criteria for these devices to ensure their quality. This work is based largely on
experience gained in Canada during the past 10 years since publication of a Canadian standard
defining clinically appropriate performance test methods.
INTRODUCTION
Spacers and valved holding chambers (VHC) are widely used in conjunction with pressurized
metered-dose inhalers (pMDI) for treatment of patients who have poor coordination of inhaler
actuation and inhalation (1–3). These add-on devices interface with the actuator/mouthpiece
of the pMDI and provide additional volume for the aerosol plume to develop (2). Spacers are
open tubes and do not have a valve at the exit nearest the patient interface (mouthpiece or
face mask) to retain the aerosol before the user can inhale (4). They simply extend the
distance between the inhaler and patient. If the patient exhales instead of inhaling, the
medication will be blown out of the spacer and thus will be lost (5). Valved holding chambers
VHCs are preferred to spacers, particularly for infants and small children, because they obviate
the need for patient coordination with spacers (4,6,7). This Stimuli article focuses on VHCs
because these add-on devices are likely to be used more widely in coming years.
In recent years, regulatory agencies worldwide have increasingly recognized that spacers and
VHCs modify pMDI aerosol plumes to the extent that quality data should be required to
correlate the performance of specific add-on device(s) and products from pMDI drug product
sponsors. Health Canada recently introduced draft guidance for pMDI-based inhaled
corticosteroids (8) that are similar to those of the European Medicines Agency (9). The current
US guidance for bioequivalence assessment of new entry products compared to innovator
pMDIs does not specifically mention add-on devices (10). However, FDA's 1998 Guidance for
Industry, Metered Dose Inhaler (MDI) and Dry Powder Inhaler (DPI) Drug Products, Chemistry,
Manufacturing, and Controls Documentation (11) notes that “the container, the valve, the
actuator, the formulation, any associated accessories (e.g., spacers), and protective
packaging collectively constitute the drug product [emphasis added].” Thus the likelihood is
high that more detailed in vitro assessment of these add-on devices will be required in future
innovator and second-entry drug product submissions. This article proposes extension of these
requirements to the US Pharmacopeia (USP) monographs where appropriate.
PROPOSED APPROACH TO IN VITRO TESTING
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Although regulatory agencies increasingly recognize the need to evaluate add-on devices in
ways that more closely mimic clinical use, the current literature offers little guidance to help
analysts evaluate these devices in the laboratory. Existing compendial methods were developed
to ensure drug product quality without the extra complexity of an add-on device that
substantially modifies the inhaled aerosol delivered to the patient. Compendial procedures go no
further than sampling the aerosol at a constant (fixed) flow rate and thus are incapable of
testing the operation of key components such as the valve(s) that are an integral part of VHCs
(12,13).
Recognizing the inadequacy of existing guidance, approximately 10 years ago a group of
Canadian stakeholders including clinicians, pharmacists, pharmaceutical companies that market
pMDI products, manufacturers of spacers/VHC products, academia, and Health Canada
developed a standard specifically aimed at the in vitro evaluation of spacers and VHCs (14).
This standard has since been revised after five years in service (15) and contains sufficient
detail about well-tried and validated methods that the standard potentially could be integrated
into USP with minimal modifications. Therefore the authors recommend that the US
Pharmacopeial Convention (USP) consider adopting the in vitro methods from the Canadian
Standards Association (CSA) standard. Taking a harmonized approach from the outset will
facilitate compliance to a common set of test methods by device developers who follow the
International Organization for Standardization (ISO) standard recently issued in connection with
inhaler design verification (16), which cites the CSA standard.
Summary of Test Procedures in the CSA Standard
The rationales for adopting each of the in vitro tests were reviewed shortly after the initial
publication of the CSA standard (17) and therefore are not repeated here.
At the outset, analysts recognized that the metric fine particle mass less than a value of
approximately 5.0 µm aerodynamic diameter (FPM<5.0_µm) is of key importance in order to
assess likely differences in clinical performance between the pMDI alone and the pMDI with a
VHC. This metric is based on the observation that the local action of inhaled drugs currently
prescribed for obstructive and inflammatory lung diseases takes place at receptor sites in the
lower respiratory tract rather than in the oro-pharynx or in both locations (18). It therefore
follows that the in vitro performance of a VHC and a specific pMDI-based formulation should be
assessed by comparison of FPM<5.0_µm/actuation of the VHC and pMDI with and without the
VHC. In the case of the inhaler used alone (benchmark condition), this metric must of necessity
be measured with no delay between actuation and the onset of aerosol sampling. Once
emitted, the aerosol plume rapidly disperses unless it is immediately inhaled using an optimal
technique such as the closed-lips or open-mouth techniques (19,20).
When the pMDI is used with a VHC the correct comparison for FPM<5.0_µm should be based on
measurements with delay rather than with no delay because of the high probability that
patients who use the add-on device will have less than perfect coordination (21). This
approach was incorporated by including testing with no delay to mimic perfect patient-inhaler
technique and evaluation of performance with the preferred delay interval set at 2 s, as a good
approximation of a poorly coordinated user (Table 1). Additional measurements with delay
intervals of 5 s and 10 s also are recommended because these data provide important
information about the residence behavior of the aerosol within the VHC.
The important issue is choosing a flow rate that is appropriate for intended patient use. The
CSA standard provides an option to use a suitable impactor such as the low-flow Marple–Miller
apparatus (22) that can be operated at a lower flow rate than the standard 28.3 L/min for the
Andersen 8-stage cascade impactor commonly used to test products intended for adult use.
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Table 1: In Vitro Tests for Spacers and VHCs Provided by Canadian Standard
CAN/CSA/Z264.1-02:2008
Clinical
Test
Method
Relevance
Simulation of 2-s
delay for the
VHC
a
Measurement of APSD
Choice of
and extra-fine, fine,
patientand coarse
appropriate flow
sub-fractions
Cascade impactor at constant flow rate
rate
Simulation of
fully coordinated
use
Measurement of total
Simulation of
emitted mass—2 L total Filter collection of aerosol with simulation of tidal
fully
volume
breathing with parameters appropriate to age range uncoordinated
sampledb
of intended users
use
a APSD = aerodynamic particle size distribution
b The 2-L sample volume has been added in this article for consistency with the proposed
sample volume for delivered dose uniformity in Product Performance Tests—Nasal and
Inhalation Aerosols, Sprays, and Powders 601 .
All types of cascade impactors are designed to operate at fixed flow rates (23). However well
the add-on device may perform in an in vitro test of function, the operation of critical moving
components (i.e., inhalation and exhalation valves) is not tested as these components would
perform when the VHC is used by the patient. For this reason the CSA standard also includes
the simulation of tidal breathing based on observations that this type of respiratory pattern is
most commonly used by patients, in particular infants and children who are incapable of a
forced inhalation maneuver. Several well-defined breathing patterns were established according
to group (Table 2). These breathing patterns were interpolated from work performed at
University College, London, UK (24).
Table 2: Representative Breathing Conditions in Canadian Standard CAN/CSA/Z264.102:2008
Pediatric
Adult
Parameter
Tidal Volume (mL)
Frequency

Neonate
25

Infant
50

Child
155

Normal 1
770

Normal 2
500

(min 1)
Inspiratory/Expiratory
(I/E) Ratio
Minute Volume
(mL)

40

30

25

12

13

1:3

1:3

1:2

1:2

1:2

1000

1500

3875

9240

6500

The CSA standard requires that the emitted mass/actuation be determined initially with inhaler
actuation coincident with the onset of inhalation (TEMcoordinated), mimicking the optimal
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condition of a fully coordinated user, and then repeated it with inhaler actuation coincident
with the onset of exhalation (TEMuncoordinated), simulating the worst-case condition. The ratio of
the two values is indicative of the overall performance of the VHC and assesses losses of
medication due to normal particle removal processes that take place once the aerosol plume
has formed, as well as imperfect valve function. Although no size fractionation takes place,
testing with breathing simulation evaluates the add-on device as it is most likely to be used in
practice. The emitted fine particle mass of API per actuation (FPM<5.0_µm-coordinated and
FPM<5.0_µm-uncoordinated) can be obtained subsequently as the product of FPM<5.0_µm from
measurements by cascade impactor and TEMcoordinated or TEMuncoordinated, respectively.
The Special Case of the Face Mask as Patient Interface
The CSA standard does not provide detailed methodological guidance for the evaluation of addon devices with a face mask rather than a mouthpiece, although the former are widely
prescribed for infants, small children, and adults who lack coordination to use a mouthpiecebased product. Proper evaluation of the face mask poses some difficulties, and when the
original Canadian standard for spacers and holding chambers was created analysts recognized
that in vitro test methods had not progressed to the point at which a sufficiently robust
apparatus for testing VHC–face mask combinations could be recommended. Since then, several
studies involving the use of model faces, sometimes with rudimentary realizations of the upper
airway but in other instances making use of anatomically correct geometries, have been
published (25). Prerequisites for accurate measurement of VHC–face mask combinations include
testing the correct dead space between the often flexible face mask and model face (26,27)
and the elimination of leakage between face mask and face (28,29). Methodology for evaluating
this type of patient interface likely will require the development and validation of standard face
models, preferably mimicking the resilience of the soft facial tissues in contact with the face
mask (30). Although such models exist, they are not widely available and most efforts have
focused on simulating the faces of infants and small children rather than those of adults (25).
Analysts recognize the complexity of the task and recognize the need for research that will
make possible the evaluation of add-on and face mask combinations.
RECOMMENDATION
Regulators increasingly are interested in the assessment of spacers or VHCs because of the
need to treat obstructive lung diseases by pMDI-based therapies. But in many cases patients
are incapable of the coordination required to use the inhaler in accordance with the
manufacturer's instructions. The development of a USP standard for the in vitro performance
evaluation is timely. Experience with the Canadian standard that was developed almost 10
years ago has confirmed the practicality of testing devices with a mouthpiece. The evaluation
of face masks is problematic because of the need for standardized face models to achieve
realistic dead space between the face and the mask as well as the absence of leakage
between the face and the mask. In the short term, analysts should follow the guidance in the
Canadian standard to evaluate these products with the face mask removed. This approach is a
compromise, and USP should develop infant, child, and adult face model procedures with a view
to adopting them as publicly available standards. This work would mirror that done with the
USP–European Pharmacopoeia induction port defined in general chapter 601 for aerodynamic
particle size assessment of inhaler-generated aerosols. The ultimate goal could be to develop
an informational general chapter that would permit spacers and VHCs to be tested with the
face mask in place of emitted mass/actuation simulating the tidal breathing pattern given in
Table 2.
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USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
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1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

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

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

In-Process
Revision

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

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Valacyclovir Hydrochloride, USP 34 page 4549 and page 5481 of the Second Supplement. On
the basis of comments received, it is proposed to revise the preparation of the Standard
stock solution used in Organic Impurities, Procedure 1 and the Standard solutions used in
the Limit of Palladium procedure. The concentration of USP Valacyclovir Related Compound E
RS is increased in the Standard stock solution under Organic Impurities, Procedure 1 to
correspond to the acceptance criteria of NMT 0.2%. The concentration range of the
Standard solution in the test for Limit of Palladium is revised to cover the range of the
acceptance criteria of NMT 10 ppm. The comment period for this revision ends November 30,
2011. In the absence of significant adverse comments, it is proposed to implement this
revision via an Interim Revision Announcement, with an official date of March 1, 2012.
(SM1: L. Santos.)
Correspondence Number—C100768; C102803

Comment deadline: November 30, 2011
Valacyclovir Hydrochloride

C13 H20 N6 O4 ·HCl

360.80

l-Valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy] ethyl ester,
monohydrochloride;
l-Valine, ester with 9-[(2-hydroxyethoxy)methyl]guanine, monohydrochloride

[124832-27-5].
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DEFINITION
Valacyclovir Hydrochloride contains NLT 95.0% and NMT 102.0% of C13 H20 N6 O4 ·HCl, calculated
on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride 191
Sample solution: 50 mg/mL in water
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Mobile phase: Methanol, water, and perchloric acid (1: 19: 0.1)
Standard solution: 0.5 mg/mL of USP Valacyclovir Hydrochloride RS in 0.05 M hydrochloric
acid. [Note—USP Valacyclovir Hydrochloride RS contains a detectable quantity of dvalacyclovir. ]
Sample solution: 0.5 mg/mL of Valacyclovir Hydrochloride in 0.05 M hydrochloric acid
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 15-cm; 5-µm packing L66
Column temperature: 10
Flow rate: 0.75 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between valacyclovir hydrochloride and d-valacyclovir
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valacyclovir hydrochloride (C13 H20 N6 O4 ·HCl) in the portion of
Valacyclovir Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of valacyclovir from the Sample solution
rS= peak response of valacyclovir from the Standard solution
C=
S concentration of USP Valacyclovir Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Valacyclovir Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–102.0% on the anhydrous and solvent-free basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1% on a 2-g sample
Change to read:
• Heavy Metals, Method II 231 :
NMT 20 ppm (RB 1-Dec-2010)
Change to read:
• Limit of Palladium (if present)
(See Plasma Spectrochemistry 730 .)
Diluent: Dimethyl sulfoxide and hydrochloric acid (98:2)
Water and nitric acid (99.8:0.2) (IRA 1-Mar-2012)
Blank solution: Diluent
Standard solutions: Dilute with Diluent any commercially available standard stock solution
of 1 mg/mL of palladium to prepare the following two solutions: 1 µg/mL of palladium and
10 µg/mL of palladium.
the following solutions: 0.03 µg/mL, 0.19 µg/mL, 0.30 µg/mL, 0.38 µg/mL, 0.75 µg/mL, and
1.13 µg/mL of palladium. (IRA 1-Mar-2012)
Sample solution: 10 mg/mL
30 mg/mL (IRA 1-Mar-2012)
of Valacyclovir Hydrochloride in Diluent
Analytical wavelength: 340.458 nm
Spectrophotometric system: Use a suitable standard inductively coupled plasma–optical
emission spectrophotometric system, and construct a calibration curve.
System suitability
Samples: Blank solution and Standard solutions
Suitability requirements
Relative standard deviation: NMT 2.0%,
NMT 10.0%, (IRA 1-Mar-2012)
Standard solutions
Correlation coefficient: NLT 0.999
NLT 0.995 (IRA 1-Mar-2012)
Blank solution and Standard solutions
Analysis
Samples: Blank solution and Sample solution
Calculate the concentration of palladium using the calibration curve corrected for the
emission response of the Blank solution and sample weight. Calculate the amount of
palladium in the Valacyclovir Hydrochloride taken to prepare the Sample solution.
Acceptance criteria: NMT 10 ppm
Change to read:
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• Organic Impurities, Procedure 1 (for related compounds E, F, and G)
Developing solvent: Methylene chloride, methanol, tetrahydrofuran, and ammonia solution
(54:34:12:3)
Standard stock solution: Transfer 5 mg each of USP Valacyclovir Related Compound D RS,
USP Valacyclovir Related Compound E RS, and USP Valacyclovir Related Compound G RS,
and 8.4 mg of USP Valacyclovir Related Compound F RS into a 10-mL volumetric flask.
Transfer 5 mg each of USP Valacyclovir Related Compound D RS and USP Valacyclovir
Related Compound G RS, 10 mg of USP Valacyclovir Related Compound E RS, and 8.4 mg
of USP Valacyclovir Related Compound F RS into a 10-mL volumetric flask. (IRA 1-Mar-2012)
Add 2 mL of water with swirling, followed by 6 mL of alcohol, and sonicate for 20 min.
Allow to cool, and dilute with alcohol to volume.
Standard solutions: Transfer 1.0 and 0.5 mL of Standard stock solution into two separate
10-mL volumetric flasks. Dilute the solution in both flasks with alcohol to volume.
Sample solution: Transfer 250 mg of Valacyclovir Hydrochloride into a 5-mL volumetric
flask. Add 2 mL of water, and sonicate for 20 min to dissolve. Add alcohol to about 95%
volume of the flask. Cool, and dilute with alcohol to volume. Pass through a suitable filter
of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: TLC
Detector: UV, long and short wavelength
Plate: TLC plate coated with a 0.25-mm layer of chromatographic silica gel mixture.
Prewash the plate with methanol.
Developing distance: NLT 7 cm from the origin
Application size: 4 µL
Analysis
Samples: Standard solutions and Sample solution
Develop the plate to the specified distance. Remove the plate from the solvent chamber,
and allow to dry. Examine the plate under short-wavelength UV light, and visually estimate
the valacyclovir related compounds E and G in the sample using the appropriate standard
spots. The chromatograms obtained with the Standard solutions each show three clearly
separated spots due to valacyclovir related compounds D, E, and G. Spray the plate with
0.01% fluorescamine in ethylene dichloride, and examine the sprayed plate under longwavelength UV to estimate the level of valacyclovir related compound F in the sample
using the appropriate standard spot. The relative RF values and limits for each impurity are
provided in Table 1.
Acceptance criteria: See Table 1.
Table 1

Name
Valacyclovir hydrochloride
Valacyclovir related compound Da
Valacyclovir related compound Eb

Relative
RF
Value
1
1.1
1.3

Acceptance
Criteria,
NMT (%)
—
—
0.2
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Valacyclovir related compound F c
Valacyclovir related compound Gd

1.8
1.9

0.1
0.05

a This impurity is quantitated using Procedure 2.
b 2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-lvalinate.
c 2-Hydroxyethyl-l-valinate.
d N,N-Dimethylpyridin-4-amine.
Change to read:
• Organic Impurities, Procedure 2
Solution A: 0.3% w/w trifluoroacetic acid solution in water
Solution B: 0.3% w/w trifluoroacetic acid solution in methanol
Diluent: Alcohol and water (1:4)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
5
90
10
35
60
40
35.01
90
10
45
90
10
System suitability solution: 0.4 mg/mL of USP Valacyclovir Hydrochloride RS, 0.8 µg/mL
of USP Valacyclovir Related Compound C RS, and 1.6 µg/mL of USP Acyclovir Related
Compound A RS in Diluent
Sample solution: 0.4 mg/mL of Valacyclovir Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Column temperature: 15
Flow rate: 0.8 mL/min
Injection size: 10 µL
System suitability
Sample: System suitability solution
Resolution: NLT 1.5 between valacyclovir and valacyclovir related compound C, and NLT
1.5 between valacyclovir related compound C and acyclovir related compound A
Tailing factor: NMT 1.5 for the valacyclovir hydrochloride peak
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Valacyclovir
Hydrochloride taken:
Result = (rU/rT) × 100
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r=
U peak response of any impurity in the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 3.
(RB 1-Dec-2010)

Table 3
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—
—

Name
Guanine (near solvent front)a,b
0.31
Acyclovira,c
0.42
d
Acyclovir alaninate
0.54
0.2
Valacyclovir
1.00
—
e
Valacyclovir related compound C
1.06
0.3
Acyclovir related compound Aa,f
—
1.09
Valacyclovir related compound Dg
1.17
0.5
Acyclovir isoleucinateh
1.30
0.2
N-Formyl valacycloviri
1.61
0.8
j
Guaninyl valacyclovir
1.66
0.2
k
Bis valacyclovir
2.0
0.3
Any unspecified impurity
—
0.1
a This impurity is quantitated by the Procedure 3 method.
b 2-Amino-1H-purin-6(9H)-one (guanine).
c 9-[(2-Hydroxyethoxy)methyl]guanine (acyclovir).
d 9-[(2-Hydroxyethoxy)methyl]guanine l-alaninate.
e 2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl N-methyl-l-valinate.
f 2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl acetate.
g 2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl N-ethyl-l-valinate.
h 9-[(2-Hydroxyethoxy)methyl]guanine l-isoleucinate.
i 9-[(2-Hydroxyethoxy)methyl]guanine N-formyl-l-valinate.
j [N2-(guanine-N2-yl)methyl]-9-[(2-hydroxyethoxy)methyl]guanine l-valinate.
k 2,2¢-[Methylenebis[imino(6-oxo-1,6-dihydro-9H-purine-9,2-diyl)methylene-oxy]]diethyl di(lvalinate).
• Organic Impurities, Procedure 3
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Valacyclovir
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
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rU= peak response of guanine plus acyclovir or acyclovir acetate or d-valacyclovir from the
Sample solution
rS= peak response of valacyclovir from the Standard solution
C=
S concentration of USP Valacyclovir Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Valacyclovir Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 4)
Acceptance criteria: See Table 4.
Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Guanine and acyclovira,b
0.18
1.51
2.0
c
Acyclovir related compound A
0.42
1.12
0.2
d-Valacyclovird
0.55
1.0
3.0
Valacyclovir
1.0
—
—
a 2-Amino-1H-purin-6(9H)-one (guanine).
b 9-[(2-Hydroxyethoxy)methyl]guanine (acyclovir).
c 2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl acetate.
d d-Valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy] ethyl ester,
monohydrochloride.
Total organic impurities: NMT 5.0% for the sum of all impurities from Organic Impurities,
Procedures 1, 2, and 3
SPECIFIC TESTS
Change to read:
• Water Determination, Method I 921 : For the anhydrous form: NMT 2.0% (200 mg of
sample); if labeled as the hydrous form:
5.0%–11.0% (RB 1-Dec-2010)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at a temperature below 30
.
• Labeling: Where it is the hydrous form, the label so indicates.
• USP Reference Standards 11
USP Acyclovir Related Compound A RS
[Note—USP Acyclovir Related Compound A AS is equivalent.]
2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl
acetate. C10 H13 N5 O4
267.24
USP Valacyclovir Hydrochloride RS
USP Valacyclovir Related Compound C RS
2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl N-methyl-l-valinate
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hydrochloride. C14 H22 N6 O4 ·HCl
374.82
USP Valacyclovir Related Compound D RS
2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9yl)methoxy]ethyl N-ethyl-lvalinate. C15 H24 N6 O4
352.39
USP Valacyclovir Related Compound E RS
2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl N-benzyloxy)carbonyl]-lvalinate. C21 H26 N6 O6
458.47
USP Valacyclovir Related Compound F RS
2-Hydroxyethyl valinate para-toluenesulfonate salt. C7 H15 NO3 ·C7 H8 O3 S
333.40
USP Valacyclovir Related Compound G RS
N,N-Dimethylpyridin-4-amine. C7 H10 N2
122.17
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
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, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

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

and
USP35

and

NF30

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

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
852 Atomic Absorption Spectroscopy. A new general test chapter on atomic
absorption spectroscopy is presented here. As part of the General Chapters EC workplan, the
chapter Spectrophotometry and Light-Scattering 851 will be replaced by a family of
chapters pertaining to atomic absorption, UV-Vis, infrared, and fluorescence spectroscopy.
Each of these chapters will be presented in pairs (one numbered sub-1000 and one numbered
greater than 1000). Chapter 852 focuses on the performance of the test for compendial
purposes. Its sections are Introduction, Instrument Qualification, Procedure, and Validation
and Verification.
The general information chapter Atomic Absorption Spectroscopy—Theory and Practice
1852 describes theory and instrumentation in some detail and also includes analytical
considerations that could help in method development. The chapter sections are Theory,
Instrumentation, Sample Cell Designs, Line Sources, Wavelength Selectors, Detection Systems,
Background Correction, and Analytical Considerations.
(GCCA: H. Pappa.)
Correspondence Number—C102377

Comment deadline: November 30, 2011
Add the following:
852

ATOMIC ABSORPTION SPECTROSCOPY
INTRODUCTION

Atomic absorption (AA) spectroscopy is an analytical method that supports qualification and/or
quantification of elements. In this use, the AA method supports procedures that measure the
absorbance of radiation at a characteristic wavelength by a vapor composed of ground state
atoms. A typical instrument consists of a primary energy source that produces the spectrum of
the element under examination, a monochromator, and a suitable detector.
For discussion of the theory and principles of measurements, see Atomic Absorption
Spectroscopy—Theory and Practice

1852 .
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QUALIFICATION OF ATOMIC ABSORPTION SPECTROPHOTOMETERS
Qualification of an AA spectrophotometer can be divided into three elements: Installation
Qualification (IQ), Operational Qualification (OQ), and Performance Qualification (PQ); see also
the general information chapter Analytical Instrument Qualification

1058 .

Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
In OQ, an instrument's performance is characterized using standards of known spectral
properties to verify that the system operates within target specifications (see Tables 1 and 2).
The purpose of OQ is to demonstrate that instrument performance is suitable. OQ is a check of
the key operational parameters and should be performed following installation and following
repairs and/or maintenance.
The OQ tests in the following sections are typical examples only. Other tests and samples can
be used to establish specifications for OQ. Instrument vendors often have samples and test
parameters available as part of the IQ/OQ package.
Table 1. OQ Test and Acceptance Criteria for Flame AAS
Test
Procedure
Acceptance
Criteria
Sensitivity Aspirate a 0.3-µg/mL Zn standard and record the absorbance. ±20% of AUa
specified by
instrument
manufacturer
Linearity Aspirate blank, 0.05-, 0.075-, 0.10-, 0.25-, and 0.50-µg/mL Zn Correlation
standards. Generate calibration curve and record correlation
coefficient
coefficient (R).
NLT 0.995
Precision Assay 5 separate replicates of the 0.10-µg/mL Zn standard
%RSDb <5%
versus the standard curve generated for the Linearity test.
Calculate the %RSD of the 5 results in µg/mL.
a AU = absorption unit.
b %RSD = % relative standard deviation.
Table 2. OQ Test and Acceptance Criteria for Graphite Furnace AAS
Test
Procedure
Acceptance Criteria
Sensitivity Prepare a Cu standard and measure characteristic
±20% of Cu characteristic
mass as described by the manufacturer.
mass as specified by the
manufacturer
Linearity Generate a calibration curve from a blank, 25-,
Correlation coefficient
50-, 75-, and 100-µg/L Cu standards. Inject each
NLT 0.995
standard in triplicate and record the %RSD.
%RSD of triplicate injections
of each Cu standard <5%
(not including the blank)
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Precision Assay 5 separate replicates of the 50-µg/L Cu
%RSD of 5 replicates <5%
standard versus the standard curve generated for the %RSD of triplicate injections
Linearity test. Inject each replicate in triplicate.
<5%
Performance Qualification
PQ determines that the instrument is capable of meeting the user's requirements for all the
parameters that may affect the quality of the measurement.
Depending on typical use, the specifications for PQ may be different from the manufacturer's
specifications. For validated methods, specific PQ tests, also known as system suitability tests,
can be used in lieu of PQ requirements.
Specific procedures, acceptance criteria, and time intervals for characterizing AA
spectrophotometer performance depend on the instrument and intended application.
Demonstrating stable instrument performance over extended periods of time provides some
assurance that reliable measurements can be taken from test sample spectra using validated
AA procedures.
PROCEDURE
The analyst should evaluate the selection of the type, material of construction, pretreatment,
and cleaning of analytical labware used in AA analyses. The material must be inert and,
depending on the specific application, resistant to caustics, acids, and/or organic solvents. For
some analyses, diligence must be exercised to prevent the adsorption of analytes onto the
surface of a vessel, particularly in ultra-trace analyses. Contamination of the sample solutions
from metal and ions present in the container also can lead to inaccurate results.
For the analysis of a ubiquitous element, it is often necessary to use the purist grade of
reagent or solvent available. Check all solutions (diluents, matrix modifier solutions, ionization
suppression solutions, reactants, etc.) for elemental contamination before they are used in an
analysis.
Sample Solution
Prepare as directed in the individual monograph.
A variety of digestion techniques may be indicated in order to dissolve the sample. These
include hot-plate and microwave-assisted digestions, including open-vessel and closed-vessel
approaches. Note that open-vessel digestion generally is not recommended for the analysis of
volatile metals, e.g., selenium and mercury.
Standard Solution
Prepare as directed in the individual monograph. [Note—Commercially available single- or multielement standard solutions, traceable to the National Institute of Standards and Technology or
to an equivalent national metrology organization, can be used in the preparation of standard
solutions. ] Standard solutions, especially those used for ultra-trace analyses, may have limited
shelf life. Standard solutions should be retained for no more than 24 h unless stability is
demonstrated experimentally.
The method of standard additions also can be employed. This method involves adding a known
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concentration of the analyte element to the sample at no fewer than two concentration levels
and comparison against an unspiked sample preparation. The instrument response is plotted
against the concentration of the added analyte element, and a linear regression line is drawn
through the data points. The absolute value of the x-intercept multiplied by any dilution factor
is the concentration of the analyte in the sample.
Analysis
Follow the procedure as directed in the individual monograph for the instrumental parameters.
The instrument must be standardized for quantification at time of use. The absorbance of
standard solutions that bracket the expected range of the analyte concentration are
determined against an appropriate blank and the detector response is plotted as a function of
analyte concentration. When an analysis is performed at or near the detection limit, the analyst
cannot always use a bracketing standard. This is acceptable for qualitative but not
quantitative tests. Regression analysis of the standard plot should be employed to evaluate the
linearity of detector response, and individual monographs may set criteria for the residual error
of the regression line.
To demonstrate the stability of the system's initial standardization, the analyst must re-assay a
solution used in the initial standard curve as a check standard at appropriate intervals
throughout the analysis of the sample set. Unless otherwise indicated in the individual
monograph, the re-assayed standard should agree with its expected value to within ±2% for
Assay or ±20% for an impurity analysis.
Sample concentrations are calculated versus the working curve generated by plotting the
detector response versus the concentration of the analyte in the standard solutions.
VALIDATION AND VERIFICATION
Validation
Validation is required when an AA method is intended for use as an alternative to the official
procedure for testing an official article.
The objective of an AA procedure validation is to demonstrate that the measurement is suitable
for its intended purpose including: quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). [Note—For definition of
different categories, see Validation of Pharmacopeial Procedures 1225 . ] Depending on the
category of the test, analytical procedure validation for AA requires the testing of linearity,
range, accuracy, specificity, precision, detection limit, quantitation limit, and robustness. These
analytical performance characteristics apply to externally standardized methods and to the
method of standard additions.
The chapter Validation of Pharmacopeial Procedures 1225 provides definitions and general
guidance on analytical procedures validation without indicating specific validation criteria for
each characteristic. The intention of the following sections is to provide the user with specific
validation criteria that represent the minimum expectations for this technology. For each
particular application, tighter criteria may be needed in order to demonstrate suitability for the
intended use.
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ACCURACY
For Category I assays or Category II tests, accuracy can be determined by conducting
recovery studies with the appropriate matrix spiked with known concentrations of elements. It
is also an acceptable practice to compare assay results obtained using the AA procedure under
validation to those of an established, analytical procedure.
Validation criteria: 98%–102% recovery for drug substances and drug product assay and
70%–150% recovery for impurity analysis. These criteria should be met throughout the
intended range.
Precision
REPEATABILITY
The analytical procedure should be assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration. These
acceptance criteria should be met throughout the intended range and thus may require
additional experiments than needed to satisfy the minimum requirement.
Validation criteria: The relative standard deviation is NMT 2% for drug substance or drug
product assay and NMT 20% for impurity analysis.
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the procedure should be established.
Typical variables include performing the analysis on different days, using different
instrumentation, or having the method performed by two or more analysts. As a minimum, any
combination of at least two of these factors totaling six experiments will provide an estimation
of intermediate precision. (For example, this could be two analysts on each of three days, or
two analysts on two sets of equipment on two days for each analyst-equipment combination.)
Validation criteria: The relative standard deviation is NMT 3% for drug substance or drug
product assay and NMT 25% for impurity analysis.
SPECIFICITY
The procedure must be able to unequivocally assess each analyte element in the presence of
components that may be expected to be present, including any matrix components.
Validation criteria: Demonstrated by meeting the accuracy requirement.
QUANTITATION LIMIT
The limit of quantitation (QL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 10. Other suitable approaches
can be used (see Validation of Pharmacopeial Procedures 1225 ).
A measurement of a test solution prepared from a representative sample matrix spiked at the
estimated QL concentration must be performed to confirm accuracy.
Validation criteria: For the estimated QL to be considered valid, the measured concentration
must be within 70%–150% of the spike concentration.
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LINEARITY
A linear relationship between the analyte concentration and AA response should be
demonstrated by preparing no fewer than 5 standard solutions at concentrations encompassing
the anticipated concentration of the test solution. The standard curve should then be
evaluated using appropriate statistical methods such as a least squares regression.
For experiments that do not yield a linear relationship between analyte concentration and AA
response, appropriate statistical methods must be applied to describe the analytical response.
Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays, NLT 0.99 for
Category II, quantitative tests. The percent error of each calibration point must be NMT 5% for
Category I assays and NMT 15% for Category II, quantitative tests.
RANGE
Range is the interval between the upper and lower concentrations (amounts) of analyte in the
sample (including these concentrations) for which it has been demonstrated that the analytical
procedure has a suitable level of precision, accuracy, and linearity. Range is demonstrated by
meeting the linearity and accuracy requirement.
Validation criteria: For Category I procedures, the range requirements are from 10% below
the lower limit of the acceptance criterion to 10% above the upper limit of the acceptance
criterion. For Category II, the range requirements are 50%–120% of the acceptance criterion.
ROBUSTNESS
The reliability of an analytical measurement should be demonstrated by means of deliberate
changes to experimental parameters.
Validation criteria: The measurement of a standard or sample response following the change
in experimental parameters must differ from the same standard measured using established
parameters by NMT ±5% for a drug product assay and NMT ±20% for an impurity analysis.
Verification
U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of the analytical procedures, as described in USP–NF, are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use.
The objective of an AA procedure verification is to demonstrate that the procedure, as
prescribed in a specific monograph, can be executed by the user with suitable accuracy,
specificity, and precision using the instruments, analysts, and sample matrices available.
According to Verification of Compendial Procedures 1226 , if the verification of the
compendial procedure by following the monograph is not successful, the procedure may not be
suitable for use with the article under test. It may be necessary to develop and validate an
alternative procedure as allowed in General Notices 6.30.
Verification of compendial AA methods should, at a minimum, include the execution of the
validation parameters for specificity, accuracy, precision, and limit of quantitation, when
appropriate, as indicated under Validation.
2S (USP35)
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2S (USP35)

BRIEFING
854 Mid-Infrared Spectroscopy. A new chapter on mid-infrared spectroscopy is
presented. As part of the General Chapters Expert Committee workplan, the general test
chapter Spectrophotometry and Light-Scattering 851 will be replaced by a family of
chapters pertaining to atomic absorption, UV-Vis, infrared, and fluorescence spectroscopy.
Each of these chapters will be presented in pairs (a general test chapter numbered sub-1000
and a general information chapter numbered greater than 1000). This chapter focuses on the
performance of the test for compendial purposes. Its sections are: Introduction; Qualification
of IR Spectrophotometers; Procedure; and Validation and Verification.
Mid-Infrared Spectroscopy—Theory and Practice 1854 describes the theory,
instrumentation, and sampling techniques in some detail, and also includes analytical
considerations that could help in method development. The chapter sections are: Principles of
Mid-Infrared Spectroscopy; Sampling Techniques; Instrumentation; and Analytical
Considerations.
(GCCA: H. Pappa.)
Correspondence Number—C102380

Comment deadline: November 30, 2011
Add the following:
854

MID-INFRARED SPECTROSCOPY
INTRODUCTION

Mid-infrared (mid-IR) spectroscopy is an instrumental method used in monograph procedures.
The method involves measurement of the absorption of electromagnetic radiation with
wavelengths between 4000 and 400 cm-1 (2.5 and 25 µm) caused by the promotion of
molecules from the ground state of their vibrational modes to an excited vibrational state.
Unless otherwise specified in a monograph, the region from 3800 to 650 cm-1 (2.6 to 15 µm)
should be used to ensure compliance with monograph specifications for IR absorption.
Vibrational modes involve the motion of all atoms of the molecule. When molecules contain a
certain functional group, the transitions often occur in narrow spectral ranges. In this case, the
wavenumbers at which these transitions occur are known as group frequencies. When a
vibrational mode involves atomic motions of more than just a few atoms, the frequencies occur
over wider spectral ranges and are not characteristic of a particular functional group but are
more characteristic of the molecules as a whole. Such bands are known as fingerprint bands. All
strong bands that absorb at wavenumbers above 1500 cm-1 are group frequencies. Strong
bands that absorb below 1500 cm-1 can be either group frequencies or fingerprint bands.
For discussion of the theory and principles of measurements, see Mid-Infrared Spectroscopy—
Theory and Practice

1854 .
QUALIFICATION OF IR SPECTROPHOTOMETERS
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Qualification of mid-IR spectrometers is divided into three components: Installation Qualification
(IQ); Operational Qualification (OQ); and Performance Qualification (PQ). For further
discussion, see the general information chapter Analytical Instrument Qualification

1058 .

Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
Because essentially all mid-IR spectra are measured with Fourier-transform IR (FT-IR)
spectrometers, only these instruments will be discussed. [Note—No recommended values for
signal-to-noise ratio or 100% line stability are included in this chapter because these vary with
manufacturer, model, and age of the instrument. ]
WAVENUMBER ACCURACY
The most commonly used wavenumber standard for IR spectrometry is an approximately 35-µmthick, matte polystyrene film. The spectrum of such a film has several sharp bands of which the
most frequently used is located at 1601.4 cm-1. The wavenumber of maximum response of the
chosen band can be measured using the center-of-gravity, polynomial spline procedure, or
other peak-picking algorithms. The acceptable tolerance for the measured wavenumber is ±1.0
cm-1.
PHOTOMETRIC ACCURACY
There is no good way of measuring the absolute photometric accuracy of an FT-IR
spectrometer. A good way to test the accuracy of the instrument’s zero-energy level is to
check the region of the single-beam spectrum below the detector cut-off between 200 and 300
cm-1 when a deuterated triglycine sulfate (DTGS) detector is used and between 400 and 300
cm-1 when a mercury cadmium telluride (MCT) detector is used. The average value of the
single-beam spectrum in this region should be less than 1000 times the maximum value of the
signal in the single-beam spectrum. This criterion is usually met when a DTGS detector is used
but is rarely met with an MCT detector.
SENSITIVITY
The sensitivity of the instrument can be determined by measuring two single-beam spectra
under exactly the same conditions and calculating their ratio to produce what is commonly
known as a 100% line. The noise level in different spectral regions can be estimated either as
the peak-to-peak noise, i.e., the difference between the maximum and minimum values of the
percent transmission in the selected spectral region(s), or the root-mean-square (RMS) noise,
i.e., the standard deviation of the spectrum in that region. The RMS noise level is the preferred
metric because this calculation involves all the data in the selected region rather than just the
two most deviant points. Typical measurement conditions to test the sensitivity of an FT-IR
spectrometer equipped with a DTGS detector are 16 co-added scans, a resolution of 2 cm-1,
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and Norton-Beer medium apodization. The most commonly used spectral region is 2200–2000
cm-1 because (a) this is where the performance of most mid-IR spectrometers is highest and
(b) no common atmospheric interferent such as H2 O or CO2 absorbs strongly in this region.
However, other regions should be tested close to the ends of the spectrum, such as 650–450
cm-1 and 4000–3800 cm-1. The signal-to-noise ratio (SNR) of the spectrometer operating with
certain parameters in a given spectral region is estimated as 100/(RMS noise level in percent
transmission).
STABILITY
The short- and long-term stability of the instrument also can be estimated from the deviation
of the 100% line from 100% T (where T stands for transmittance) at the short wavelength
(high wavenumber) end of the spectrum. Short-term stability is estimated by measuring the
two single-beam spectra a few minutes apart and calculating the 100% line. The long-term
stability is measured by increasing the time between the two measurements to several hours.
SIGNAL AVERAGING
The SNR should increase with the square root of the number of co-added scans. To test the
signal-averaging capability, measure the SNR with the following numbers of scans: N = 1, 4, 16,
64, 256, 1024, and 4096. A plot of SNR vs. N is linear if the instrument is correctly averaging
signals. An alternative means of testing this is to plot log SNR vs. log N. This plot should be
linear with a slope of 2.00.
Performance Qualification
The purpose of performance qualification (PQ) is to determine that the instrument is capable of
meeting the user’s requirements for all the parameters that may affect the quality of the
measurement.
PROCEDURE
Mid-IR spectra can be measured by transmission, external reflection, internal reflection (often
called attenuated total reflection), diffuse reflection, and photoacoustic spectroscopy.
Different sample preparation techniques are available for these options. The most common
sample preparation techniques are presented below.
KBr Discs
Certain powdered alkali halides such as KBr, KCl, and Csl coalesce under high pressure and can
be formed into self-supporting disks that are transparent to mid-IR radiation. The alkali halide
most commonly used is powdered, dry, highly pure KBr, which is transparent to mid-IR radiation
to about 400 cm-1.
Commercial presses and dies in a range of diameters are available for the preparation of alkalihalide and similar disks.
Mineral Oil Mulls
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A typical procedure to prepare a mull is to place 10–20 mg of the sample into an agate or
mullite mortar and then to grind the sample to a fine particle size powder using a vigorous
rotary motion of the pestle. A small drop of the mulling agent is added to the mortar. Rotary
motion of the pestle is used to mix the components into a uniform paste, which is transferred
to the center of a clean IR-transparent window (e.g., KBr, NaCl, AgBr, or Csl). A second
matching window is placed on top of the mull, and the mull is squeezed to form a thin
translucent film that is free from bubbles.
The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon mineral oil
(liquid paraffin, Nujol).
Compression Cells
A compression cell is useful when measuring a small or limited-quantity solid sample such as a
single particle of an active pharmaceutical ingredient (API) or excipient, a contaminant such as
a short length of fiber, or a small fragment from a packaging material. This is particularly the
case for investigations using an IR microscope system.
When using a compression cell, the sample is placed between the windows of the cell, the cell
is then tightened, and the sample thickness is reduced to an optimum for a transmission
measurement. Because of the high strength of diamond, it is commonly used as the window
material of compression cells.
Self-Supported Polymer Films
The mid-IR transmission spectrum of many polymers used as packaging materials is at times
recorded from samples prepared as thin self-supporting films using hot compression molding or
microtoming.
Capillary Films
Nonvolatile liquids can be examined neat in the form of a thin layer sandwiched between two
matching windows that are transparent to mid-IR radiation. The liquid layer must be free of
bubbles and must completely cover the diameter of the IR beam focused on the sample.
Liquids and Solutions in Transmission Cells
For the examination of liquid and solution samples, transmission cell assemblies that comprise a
window pair, spacer, filling ports, and a holder are available commercially in both macro- and
micro-sample configurations.
For laboratory applications, spacers typically are formed from lead, poly(tetrafluoroethylene), or
poly(ethylene terephthalate) and can be supplied, depending on spacer materials, in standard
thickness path lengths from approximately 6 µm to 1 mm or larger.
Gases
Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a
wide range of materials to suit the application, from laboratory to process scale. In the
laboratory, the traditional gas cell has been a 10 cm long cylinder made from borosilicate glass
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or stainless steel with an approximately 40-mm aperture at each end. Each open end is covered
with an end cap that contains one of a pair of mid-IR–transparent windows constructed from,
e.g., KBr, ZnSe, or CaF 2 .
Attenuated Total Reflection
Attenuated total reflectance spectroscopy relies on the optical phenomenon of radiation
passing through a medium of high refractive index at a certain angle of incidence entirely
reflected internally at a boundary in contact with a material of lower refractive index. The
medium of high refractive index is also known as the internal reflection element (IRE).
The sample under examination should be placed in close contact with the IRE such as diamond,
germanium, ZnSe, or another suitable material of high refractive index. Ensure close and uniform
contact between the substance and the whole crystal surface by applying pressure or by
dissolving the substance in an appropriate solvent and then covering the IRE with the solution
and evaporating to dryness.
Diffuse Reflection
The most important and commonly used form of sample preparation for diffuse reflection is to
dilute the sample by intimately mixing it with 90%–99% of non-absorbing diluents such as finely
powdered KBr or KCl. The sample dilution has the added benefit of reducing absorption band
intensities to an appropriate level.
Microscope Sampling
Coupling a light microscope with a mid-IR spectrometer allows spectra to be obtained from very
small samples. Generally applied in transmittance or reflectance modes, it provides, for example,
a powerful tool for obtaining spectroscopic data of contaminants in pharmaceutical samples.
VALIDATION AND VERIFICATION
Validation
Validation is required when an IR method is intended for use as an alternative to the official
procedure for testing an official article.
The objective of an IR method validation is to demonstrate that the measurement is suitable for
its intended purpose, including: quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV; see Table 2 in Validation of
Pharmacopeial Procedures 1225 ). Depending on the category of the test, the analytical
procedure validation process for IR requires the testing of linearity, range, accuracy,
specificity, precision, detection limit, quantitation limit, and robustness. If the IR method results
from a chemometrics model calculated against the response of another analytical technology
(e.g., HPLC), then the principles of Near-Infrared Spectroscopy
Method Validation section, can be applied.

1119 , specifically the

Chapter 1225 provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The following sections are
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intended to provide the user with specific validation criteria that represent the minimum
expectations for this technology. For each particular application, tighter criteria may be needed
in order to demonstrate suitability for the intended use.
ACCURACY
For Category I and II procedures, accuracy can be determined by conducting recovery studies
with the appropriate matrix spiked with known concentrations of the analyte. It also is an
acceptable practice to compare assay results obtained using the validated IR method with
those obtained from an established alternative analytical method.
Validation criteria: 98%–102% recovery for drug substances and drug product assay and
70%–150% recovery for impurity analysis. These criteria should be met throughout the
intended range.
PRECISION
Repeatability
The analytical method should be assessed by measuring the concentrations of 6 independently
prepared samples preparations at 100% of the assay test concentration.
Validation criteria: Relative standard deviation of NMT 2% for Category I procedures and NMT
20% for Category II procedures.
Intermediate precision
Analysts should test the effect on analytical precision of changes in variables such as
performing the analysis on different days, using different instrumentation, or having the method
performed by two or more analysts. As a minimum, any combination of at least two of these
factors totaling 6 experiments will provide an estimation of intermediate precision.
Validation criteria: Relative standard deviation NMT 3% for Category I procedures and NMT
25% for Category II procedures.
SPECIFICITY
For Category IV tests, the identity of the analyte should be ensured. Regarding Category I and
II procedures, the accuracy requirement also demonstrates specificity for the targeted
analytes.
QUANTITATION LIMIT
The quantitation limit can be estimated by calculating the standard deviation of NLT 6 replicate
measurements of a blank preparation and multiplying by 10. Other suitable approaches can be
used (see 1225 ). A measurement of a representative sample matrix spiked at the estimated
quantitation limit concentration must be performed to confirm accuracy.
Validation criteria: For the estimated quantitation limit to be considered valid, the measured
concentration must be accurate and precise at a level equal or less than 50% of the
specification.
LINEARITY
A linear relationship between the analyte concentration and the IR spectra response should be
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demonstrated by preparing not less than 5 standard preparations at concentrations
encompassing the anticipated concentration of the test preparation. The standard curve should
then be evaluated using appropriate statistical methods such as a least squares regression. For
experiments that do not have a linear relationship between analyte concentration and IR
spectra response, appropriate statistical methods should be applied to describe the analytical
response.
Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays and NLT 0.99
for Category II quantitative tests. The percent error of each calibration point must be NMT 5%
for Category I assays and NMT 15% for Category II quantitative tests.
RANGE
This parameter is demonstrated by meeting linearity, precision, and accuracy requirements.
Validation criteria: For Category I procedures, the range requirements are 80%–120% of the
target test concentration. For Category II, the range requirements are 50%–120% of the
acceptance criterion.
ROBUSTNESS
The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For mid-IR this can include changes in sample preparation procedure
or changes in hardware settings.
Validation criteria: The measurement of a standard response following the change in
experimental parameters must differ from the standard measured using established parameters
by NMT 5% for a Category I procedure and NMT 20% for a Category II procedure.
Verification
U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use.
The objective of an IR procedure verification is to demonstrate that the method, as prescribed
in specific monographs, is being executed with suitable accuracy, sensitivity, and precision.
Verification of Compendial Procedures 1226 notes that if the verification of the compendial
procedure, according to the monograph, is not successful, the procedure may not be suitable
for use with the article under test. It may be necessary to develop and validate an alternative
procedure as allowed in General Notices 6.30.
Although complete revalidation of a compendial procedure is not required, verification of the
compendial Mid-IR procedure should at minimum include the execution of the validation
parameters for specificity, accuracy, precision, and quantitation limit when appropriate, as
indicated under Validation.
2S (USP35)

BRIEFING
857 Ultraviolet-Visible Spectroscopy. A new general test chapter on ultraviolet-visible
spectroscopy is presented here. As part of the General Chapters EC workplan, chapter
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Spectrophotometry and Light-Scattering 851 will be replaced by a family of chapters
pertaining to atomic absorption, UV-Vis, infrared, and fluorescence spectroscopy. Each of
these chapters will be presented in pairs (one numbered sub-1000 and one numbered greater
than 1000). This chapter focuses on the performance of the test for compendial purposes. Its
sections are: Introduction; Qualification of UV-Vis Spectrophotometers; Procedure; and
Validation and Verification. Ultraviolet-Visible Spectroscopy—Theory and Practice 1857
includes theory and instrumentation sections and analytical considerations that could help in
method development. The chapter sections are: Theory; Instrumentation; Continuum Source;
Monochromator; Sampling Area; Detector; Calibration; Analytical Considerations.
(GCCA: H. Pappa.)
Correspondence Number—C102382

Comment deadline: November 30, 2011
Add the following:
857

ULTRAVIOLET-VISIBLE SPECTROSCOPY
INTRODUCTION

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

where I

0

, is defined as the logarithm to base

is the intensity of the incident radiation at wavelength

, and I

is the intensity of

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

=

cb

where
is the molar absorptivity, b is expressed in centimeters, and c is the solute
concentration in M/L.
If the concentration, c, is expressed in g/L, the constant
absorptivity.
The expression

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

where M is the molar concentration of solution.
When solutions are observed in 1-cm cells, concentrations of about 10 µg of the specimen per
mL often will produce absorbances of 0.2–0.8 in the UV or the visible region.
For discussion of the theory and principles of measurements, see Ultraviolet-Visible
Spectroscopy—Theory and Practice

1857 .

QUALIFICATION OF UV-VIS SPECTROPHOTOMETERS
The suitability of a specific instrument for a given procedure is ensured by a stepwise life cycle
evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
qualification, also known as operational qualification (OQ); and an ongoing performance
qualification (PQ). For more details, see general chapter Analytical Instrument Qualification
1058 .
The purpose of this chapter is to provide test methodologies and acceptance criteria to ensure
that the instrument is suitable for its intended use (OQ) and that it will continue to function
properly over extended time periods as part of PQ. As with any spectrometric device, a UV-Vis
spectrophotometer must be qualified for both wavelength (x-axis) and photometric (y-axis, or
signal axis) accuracy and precision, and the fundamental parameters of stray light and
resolution must be established. OQ should be carried out across the operational ranges required
within the laboratory for both the absorbance and wavelength scales.
Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
Acceptance criteria for critical instrument parameters that establish “fitness for purpose” are
verified during IQ and OQ. Specifications for particular instruments and applications can vary
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depending on the analytical procedure used and the desired accuracy of the final result.
Wherever possible in the procedures detailed below, analysts should employ certified reference
materials in preference to laboratory-prepared solutions. Certified reference materials obtained
from a recognized accredited source include independently verified traceable value assignments
with associated calculated uncertainty.
Control of Wavelengths
Ensure that the accuracy of the wavelength axis (x-axis) over the intended operational range
is correct within acceptable limits.
The acceptable limits in the UV are 200–400 nm, and the wavelength accuracy must be ±1 nm.
In the visible region the acceptance limits are 400–700 nm with ±2 nm accuracy. Analysts can
verify the wavelength scale accuracy using one or more of the following procedures:
ATOMIC LINE SPECTRA
This procedure is described as the primary application because the emission lines produced from
a discharge lamp are characteristic of the source element, and, as a fundamental physical
standard, these wavelengths have been measured with an uncertainty of not more than ±0.01
nm. In solution spectrometry the wavelength accuracy required rarely exceeds 0.5 nm. For
these reasons, the atomic line standard values are cited without uncertainty. The lamp should
be placed at the source position in the spectrophotometer and thus can be used only in
spectrophotometers that can be operated in a single-beam intensity mode.
A commonly employed low-pressure mercury lamp has a number of intense lines that cover a
large part of the UV and visible spectra. Two deuterium lines from the source at 486.0 and
656.1 nm often are used by manufacturers as an internal calibration check and can be used for
diagnostic purposes (Table 1).1
Table 1. Recommended Atomic Lines From Low-pressure Mercury and Deuterium Lamps
for Wavelength Calibration Purposes
Element
nm
Hg
253.7
Hg
296.7
Hg
365.0
Hg
404.7
Hg
435.8
D2
486.0
Hg
546.1
Hg
577.0
Hg
579.1
D2
656.1
RARE EARTH OXIDE SOLUTIONS
This procedure uses solutions of rare earth oxides prepared by dissolution in acid media: the
most frequently used is holmium oxide in perchloric acid. Suitable certified reference materials
are available commercially.2 Analysts should determine the observed peak maxima using the
normal scan mode on the spectrophotometer. The peak maxima for a 4% m/m solution of
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holmium oxide in perchloric acid at 1.0-nm spectral bandwidth and a path length of 1 cm are
shown in Table 2.3
Table 2. Recommended Peak Maxima From a 4% Solution of Holmium Oxide in
Perchloric Acid for Wavelength Calibration Purposes
nm
241.1
249.9
287.2
333.5
345.4
361.3
345.4
385.6
416.3
451.4
467.8
485.2
536.6
640.5
If the operational range of the spectrophotometer lies outside the range from 240–650 nm,
other certified rare earth oxides or other solutions can be used if they are traceable to a
national or international standard. Didymium (a mixture of neodymium and praseodymium) is
available as a traceable standard both in solution and as a glass. Didymium is similar in
preparation to the holmium materials and has useful peak characteristics in the 730–870 nm
region. Useful peaks are found at approximately 731.6, 740.0, 794.1, 799.0, and 864.4 nm.
RARE EARTH GLASSES
This procedure uses glasses manufactured by fusing the appropriate rare earth oxide in a base
glass matrix. The most frequently used is holmium, for which the reference wavelengths have
been well defined. Although manufacturing can cause batch variation in these glasses,
traceable certified reference materials are commercially available and can be used. Typical
values for a holmium glass using a 1.0-nm spectral bandwidth are the following: 241.5, 279.2,
287.5, 333.8, 360.9, 418.8, 445.8, 453.7, 460.2, 536.5, and 637.7 nm. Wavelength precision
should be determined over the operational range using at least six replicate measurements. The
standard deviation should not exceed ±0.5 nm.
Control of Absorbance
In order to establish the transmittance accuracy and linearity of a given system, analysts
should verify the absorbance accuracy of a system using the following procedures, as
appropriate for the wavelength range required. The acceptance criteria are ±1%A or ±0.005A,
whichever is larger.
ACIDIC POTASSIUM DICHROMATE SOLUTIONS IN 0.001 M PERCHLORIC ACID
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In the 0–200 mg/L range, potassium dichromate solutions provide reference values of up to
three absorbance units at one of the certified values of 235, 257, 313, or 350 nm. These
solutions are available as certified reference materials or can be prepared according to NIST
from SRM 935a.
NEUTRAL-DENSITY GLASS FILTERS
These gray glass filters are manufactured from doped glass and have a nominally flat spectrum
in the region of the calibration wavelengths. They provide reference values of up to three
absorbance units at the certified values of 440, 465, 546.1, 590, and 635 nm. These filters are
available as certified reference materials that are traceable to NIST SRM 930e, 1930, and 2930.
Other certified standard solutions can be used if they are traceable to a national or
international standard. Absorbance precision should be determined using at least six replicate
measurements over the operational range. The acceptance criteria are ±0.5%A or ±0.003A,
whichever is larger.
Limit of Stray Light (Stray Radiant Energy)
Although the measurement of absorbance or transmittance is a ratio measurement of intensities
and therefore theoretically is independent of monochromatic source intensity, practical
measurements are affected by the presence of unwanted radiation called stray radiant energy
or stray light. In addition, the adverse effect of stray light increases with aging of optical
components and lamps in a spectrophotometer. The effects are greater at the extremes of
detector and lamp operational ranges. Analysts must monitor the level of stray light as part of
PQ. Stray light can be detected at a given wavelength with a suitable liquid filter. These
solutions are available as certified reference materials or can be prepared at the concentrations
shown in Table 3 using reagent-grade materials.
Table 3. Spectral Ranges of Selected Materials for Monitoring Stray Light
Spectral Range
(nm)
Liquid or Solution
190–205
Aqueous KCl (12 g/L)
210–259
Aqueous Nal/Kl (10 g/L)
250–320
Acetone
300–385
Aqueous NaNO2 (50 g/L)
Analysts can use a 5-mm path length cell filled with the same filter solution as the reference
cell while they concurrently measure a 10-mm cell over the appropriate spectral range.
Calculate the stray-light value from the observed maximum absorbance using the formula:
S
where A

= 0.25*10 2A

is the observed maximum absorbance. The acceptance criterion is that S

is

3.5.

Resolution
If accurate absorbance measurements must be made on benzenoid compounds or other
compounds with sharp absorption bands (natural half band-widths of less than 15 nm), the
spectral bandwidth of the spectrophotometer used should be greater than 1/8th the natural
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half bandwidth of the compound's absorption.
Determine the resolution of the spectrophotometer using the following procedure: measure the
ratio of the absorbance of a 0.020% (v/v) solution of toluene in hexane (UV grade) at the
maximum and minimum at about 269 nm and 266 nm, respectively, using hexane as the
reference. The absorbance ratio obtained depends on the spectral bandwidth of the
instrument. For most pharmacopeial quantitative purposes, a spectral bandwidth of 2 nm is
sufficient, and the acceptance criterion for the ratio is NLT 1.3.
The effect of spectral bandwidth and measurement temperature on the ratio is shown in Table
4.4
Table 4. Spectral Bandwidth and Measurement Temperature
Spectral Bandwidth
Temperature
of
Measurement
20 ± 1

0.5 nm ±
0.1 nm

1.0 nm ±
0.1 nm

1.5 nm ±
0.1 nm

2.0 nm ±
0.2 nm

3.0 nm ±
0.2 nm

2.4–2.5

2.0–2.1

1.6–1.7

1.3–1.4

1.0–1.1

25 ± 1

2.3–2.4

1.9–2.0

1.6–1.7

1.3–1.4

1.0–1.1

30 ± 1

2.1–2.2

1.8–1.9

1.5–1.6

1.3–1.4

1.0–1.1

Alternatively, a suitable atomic line can be scanned in single-beam mode, and the peak width
at half peak height can be determined. This peak width at half peak height equates to the
bandwidth of the spectrophotometer.
Performance Qualification
The purpose of performance qualification (PQ) is to determine that the instrument is capable of
meeting the user's requirements for all the parameters that may affect the quality of the
measurement and assure that it will function properly over extended periods of time.
PROCEDURE
With few exceptions, compendial spectrophotometric tests and assays call for comparison
against a USP Reference Standard. This helps ensure measurement under identical conditions
for the test specimen and the reference substance. These conditions could include wavelength
setting, spectral bandwidth selection, cell placement and correction, and transmittance levels.
Cells that exhibit identical transmittance at a given wavelength may differ considerably in
transmittance at other wavelengths. Appropriate cell corrections should be established and
used where required.
Comparisons of a test specimen with a reference standard are best made at a peak of spectral
absorption for the compound concerned. Assays that prescribe spectrophotometry give the
commonly accepted wavelength for peak spectral absorption of the substance in question.
Different spectrophotometers may show minor variation in the apparent wavelength of this
peak. Good practice demands that comparisons be made at the wavelength at which peak
absorption occurs. Should this differ by more than ±1 nm (in the range from 200–400 nm) or ±2
nm (in the range from 400–800 nm) from the wavelength specified in the individual monograph,
recalibration of the instrument may be indicated.
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The expressions “similar preparation” and “similar solution” as used in tests and assays involving
spectrophotometry indicate that the reference comparator, generally a USP Reference
Standard, should be prepared and observed in an identical manner for all practical purposes to
that used for the test specimen. Usually when analysts make up the solution of the specified
reference standard, they prepare a solution of about (i.e., within 10%) the desired
concentration, and they calculate the absorptivity on the basis of the exact amount weighed
out. If a previously dried specimen of the reference standard has not been used, the
absorptivity is calculated on the anhydrous basis. The expressions “concomitantly determine”
and “concomitantly measure” as used in tests and assays involving spectrophotometry indicate
that the absorbances of both the solution containing the test specimen and the solution
containing the reference specimen, relative to the specified test blank, must be measured in
immediate succession.
Sample Solution Preparation
For determinations using UV or visible spectrophotometry, the specimen generally is dissolved in
a solvent. Unless otherwise directed in the monograph, analysts make determinations at room
temperature using a path length of 1 cm. Many solvents are suitable for these ranges, including
water, alcohols, chloroform, lower hydrocarbons, ethers, and dilute solutions of strong acids
and alkalis. Precautions should be taken to use solvents that are free from contaminants that
absorb in the spectral region under examination. For the solvent, analysts typically should use
water-free methanol or alcohol or alcohol denatured by the addition of methanol but without
benzene or other interfering impurities. Solvents of special spectrophotometric quality,
guaranteed to be free from contaminants, are available commercially from several sources.
Some other analytical reagent-grade organic solvents may contain traces of impurities that
absorb strongly in the UV region. New lots of these solvents should be checked for their
transparency, and analysts should take care to use the same lot of solvent for preparation of
the test solution, the standard solution, and the blank. Best practice is to use solvents that
have not less than 40% transmittance at the wavelength of interest.
Assays in the visible region usually call for comparing concomitantly the absorbance produced
by the Assay preparation with that produced by a Standard preparation containing
approximately an equal quantity of a USP Reference Standard. In some situations, analysts can
omit the use of a reference standard, e.g., when spectrophotometric assays are made with
routine frequency, when a suitable standard curve is available and is prepared with the
appropriate USP Reference Standard, and when the substance assayed conforms to Beer's Law
within the range of about 75%–125% of the final concentration used in the assay. Under these
circumstances, the absorbance found in the assay may be interpolated on the standard curve,
and the assay result can be calculated. Such standard curves should be confirmed frequently
and always when a new spectrophotometer or new lots of reagents are put into use.
VALIDATION AND VERIFICATION
Validation
Validation is required when an UV-Vis method is intended for use as an alternative to the
official procedure for testing an official article.
The objective of UV-Vis method validation is to demonstrate that the measurement is suitable
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for its intended purpose, including: quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). Depending on the category of
the test (see Table 2 in Validation of Compendial Procedures 1225 ), the analytical method
validation process for UV-Vis requires testing for linearity, range, accuracy, specificity,
precision, detection limit, quantitation limit, and robustness. These analytical performance
characteristics apply to externally standardized procedures and those that use standard
additions.
Chapter Validation of Compendial Procedures 1225 provides definitions and general guidance
on analytical procedures validation without indicating specific validation criteria for each
characteristic. The intention of the following sections is to provide the user with specific
validation criteria that represent the minimum expectations for this technology. For each
particular application tighter criteria may be needed in order to demonstrate suitability for the
intended use.
ACCURACY
For Category I, II, and III procedures, accuracy can be determined by conducting recovery
studies with the appropriate matrix spiked with known concentrations of the analyte. Analysts
also can compare assay results obtained using the UV-Vis procedure under validation to those
from an established analytical procedure.
Validation criteria: 98%–102% recovery for drug substances and drug product assay and
95%–105% recovery for impurity analysis. These criteria should be met throughout the
intended range.
Precision
REPEATABILITY
The analytical procedure should be assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration.
Validation criteria: The relative standard deviation should be NMT 2% for drug substance or
drug product assay and NMT 5% for impurity analysis.
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the method should be established.
Typical variables include performing the analysis on different days, using different
instrumentation, and/or having the method performed by two or more analysts. As a minimum,
any combination of at least two of these factors totalizing six experiments will provide an
estimation of intermediate precision.
Validation criteria: The relative standard deviation should be NMT 3% for drug substance or
drug product assay and NMT 10% for impurity analysis.
SPECIFICITY
In UV-Vis measurements, specificity is ensured by use of a reference standard wherever
possible and demonstrated by the lack of interference from other components present in the
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matrix.
DETECTION LIMIT
The detection limit (DL) can be estimated by calculating the standard deviation of not fewer
than six replicate measurements of a blank solution and multiplying by 3.3. Alternatively the
standard deviation can be determined from the error of the intercept from a calibration curve or
by determining that the signal-to-noise ratio is >3.3. The estimated DL must be confirmed by
analyzing samples at the calculated concentration.
QUANTITATION LIMIT
The quantitation limit (QL) can be estimated by calculating the standard deviation of not fewer
than six replicate measurements of a blank solution and multiplying by 10. Alternatively, the
standard deviation can be determined from the error of the intercept from a calibration curve or
by determining that the signal-to-noise ratio is >10.
A measurement of a test solution prepared from a representative sample matrix spiked at the
required QL concentration must be performed to confirm sufficient sensitivity and adequate
precision. The observed signal-to-noise ratio at the required QL should be >10. [Note—A
suitable procedure for measuring the signal-to-noise ratio is given in ASTM 1657-98 (2006)
Standard Practice for the Testing of Variable-wavelength Photometric Detectors Used in Liquid
Chromatography. ]
Validation criteria: For the estimated LOQ to be considered valid, the measured concentration
must be accurate and precise at a level equal to or less than 50% of the specification.
LINEARITY
A linear relationship between the analyte concentration and UV-Vis response must be
demonstrated by preparation of no fewer than five standard solutions at concentrations
encompassing the anticipated concentration of the test solution. The standard curve then
should be evaluated using appropriate statistical methods such as a least-squares regression.
Deviation from linearity results from either instrumental or sample factors, or both, and can be
reduced to acceptable levels by reduction of the analyte concentration and thereby the
associated absorbance values.
Validation criteria: The correlation coefficient (R) must be NLT 0.995 for Category I assays
and NLT 0.99 for Category II quantitative tests. The percent error of each calibration point
must be NMT 5% for Category I assays and NMT 15% for Category II quantitative tests.
RANGE
The operational range of an analytical instrument (and the analytical procedure as a whole) is
the interval between the upper and lower concentration (amounts) of analyte in the sample
(including these concentrations) for which it has been demonstrated that the instrumental
response function has a suitable level of precision, accuracy, and linearity.
Validation criteria: For Category I procedures, the range requirements are 80%–120% (70%–
130% for content uniformity and ±20% for dissolution). For Category II, the range requirements
are 50%–120% of the acceptance criteria.
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ROBUSTNESS
The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For UV-Vis this can include measuring the stability of the analyte
under specified storage conditions, varying pH, and adding by possible interfering species, to
list a few examples. Robustness should be determined concurrently using a suitable design of
experiments procedure.
INDIRECT MEASUREMENT REQUIREMENTS
For certain UV-Vis procedures, chromogenic reactions are employed. Generally the requirements
for the analytical performance characteristics should be used. In some instances, the required
accuracy and precision criteria for the direct measurements may not be achievable. Under
these circumstances, the accuracy and precision requirements can be widened by as much as
50%. Any such widening must be justified on scientific grounds and with documented evidence,
and it may be necessary to increase the amount of replication required to produce a
scientifically sound reportable value.
Verification
US Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use.
The objective of a UV-Vis procedure verification is to demonstrate the suitability of a test
procedure under actual conditions of use. Performance characteristics that verify the suitability
of a UV-Vis procedure are similar to those required for any analytical procedure. A discussion of
the applicable general principles is found in Verification of Compendial Procedures 1226 .
Verification should be performed using a reference material and a well-defined matrix.
Verification of compendial UV-Vis procedures should at minimum include the execution of the
validation parameters for specificity, accuracy, precision, and quantitation limit, when
appropriate, as indicated under Validation.
2S (USP35)

1 The rounded values are taken from ASTM Standard E275-08.
2 NIST SRM 2034 is no longer available.
3 The rounded values are taken from the intrinsic wavelength standard absorption band data from: Travis JC ,
Acosta JC , Andor G, et al. Intrinsic wavelength standard absorption bands in holmium oxide solution for
UV/visible molecular absorption spectrophotometry. J Phys Chem Ref Data. 2005;34(1):41–57. The maximum
95% measurement uncertainty is ±0.06 nm.
4 ASTM E958 2011.

BRIEFING
913 Rolling Ball Viscometer Method. On the basis of comments and information
received, the General Chapters—Physical Analysis and the Excipients Expert Committees
propose to develop a new test chapter to determine viscosity.
Interested parties are encouraged to submit comments to Hong Wang, PhD, Senior Scientific
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Liaison to the General Chapters—Physical Analysis and the Excipients Expert Committees
(301.816.8351 or hw@usp.org).
(GCPA: EXC: H. Wang.)
Correspondence Number—C101829

Comment deadline: November 30, 2011
Add the following:
913

ROLLING BALL VISCOMETER METHOD

The following procedure is used to determine the viscosity of a Newtonian fluid, i.e., a fluid
having a viscosity that is independent of the shearing stress or rate of shear.
Apparatus: See Figure 1.
The basic design of a rolling ball viscometer consists of a tube (or capillary) that contains the
sample liquid under test and a ball chosen so that it will require a minimum rolling time of 20 s at
the measuring angle in the sample liquid.

Figure 1. Basic design for rolling ball viscometer.
Measuring Principle: The rolling ball measurement is based on Stokes’s Law, as influenced by
the angle of inclination of the tube (or capillary). The Newtonian viscosity,
calculated using the following equation:
= [(

1

1

2)

, in mPa·s, is

× g × r2 × sin ] / v

= density of the ball used (g/mL)

= density of the sample liquid (g/mL)
g = gravitational constant (mm/s2)
r = radius of the ball (mm)
2

= angle of inclination of the tube (or capillary)
v = terminal velocity of the ball (mm/s)
Determine the viscosity of a liquid by observing the rolling time of a solid sphere (ball) under the
influence of gravity in an inclined cylindrical tube filled with the sample liquid. Measure the time
taken by the ball to travel the fixed distance between two ring marks or measuring sensors. For
each single measured rolling time, the resulting viscosity can be expressed as dynamic viscosity
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(mPa·s) as well as kinematic viscosity (mm2/s) for a sample of known density.
Procedure: Select a measuring system [tube (or capillary) and ball combination] within the
anticipated range of viscosity of the sample liquid. As necessary, heat the clean and dry tube
and ball of the viscometer to the temperature specified in the individual monograph, and control
the temperature to ±0.1 , unless otherwise specified in the individual monograph. Select a
measuring angle to obtain a minimum rolling time of 20 s. Fill the tube with the sample liquid,
being careful to avoid bubble formation. Close the tube, and insert it in the instrument. Allow to
equilibrate at the specified temperature for NLT 15 min for a rolling ball viscometer with a tube
of large diameter. For a micro rolling ball viscometer, follow the instrument manufacturer’s
instructions regarding temperature equilibration. Release the ball, and record the time required
for the ball to roll from the upper to the lower ring mark (or measuring sensor). Repeat the test
run at least four times.
The rolling time in the fluid under examination is the mean of NLT four consecutive
determinations. The result is valid if the percent relative standard deviation (%RSD) for the four
readings is NMT 2.0%.
Calculation and Calibration:
Calculate the Newtonian viscosity,

, in mPa·s, using the formula:
=k × (

1

2)

×t

k = calibration constant of the instrument (mm2/s2) at a specified measuring angle and
temperature
1

= density of the ball used (g/mL)

= density of the sample liquid (g/mL)
t = rolling time of the ball (s).
2

Calibrate each tube (or capillary) and ball combination at the test temperature and test angle
using fluids of known viscosities and densities (viscosity standards) to determine the measuring
system constant, k. [Note—Some automated viscometers use a polynomial function to
determine the calibration for different angles and temperatures. ] The viscosity values of the
calibration standards should bracket the expected viscosity value of the sample liquid.
Calibrations are specific to the ball radius, ball density, temperature, and test angle.
Recalibration is necessary when any of these parameters is changed.
Where no reference values at the required test temperature are available, follow the
manufacturer’s instructions for mathematical corrections to the calibration function. When the
materials of the ball and tube are dissimilar, apply corrections calculated using the linear
thermal expansion coefficients of the materials.
2S (USP35)

BRIEFING
1088 In Vitro and In Vivo Evaluation of Dosage Forms, USP 34 page 612. It is
proposed to revise the general chapter to eliminate information on the development of a
dissolution test that has been incorporated into general chapter, The Dissolution Procedure:
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Development and Validation 1092 , to include pharmacokinetic studies for an approved
product undergoing post-approval changes, to outline the value of the Biopharmaceutics
Classification System in the in vivo characterization of the drug substance, and to elaborate on
the development of an in vivo–in vitro correlation (IVIVC) and its use in establishing dissolution
specifications. As an aid, example data demonstrating the relationship between in vitro and in
vivo performance are given. This revision was initated following the publication of a Stimuli to
the Revision Process article, In Vitro-In Vivo Correlations, by Lewis J. Leeson, in PF 28(4) [July–
Aug. 2002]. The revision has been largely promoted through the work of Dr. Thomas S. Foster
and Dr. Mario A. Gonzalez.
(GCDF: W.E. Brown.)
Correspondence Number—C102062

Comment deadline: November 30, 2011
1088

IN VITRO AND IN VIVO EVALUATION OF DOSAGE FORMS

Change to read:
The Pharmacopeia provides for dissolution and drug release testing in the majority of
monographs for solid oral and transdermal dosage forms. In recognition of the sensitivity of
dissolution tests, where a valid bioavailability-bioequivalence (BA-BE) study is in hand, the
policy of this Pharmacopeia has been to give this information dominant consideration in setting
dissolution standards. Early practice was to develop dissolution requirements based on the in
vitro performance of clinically successful formulations. Similarity in dissolution behavior has long
been sought from the perspectives of both bioavailability and quality control considerations.
It is the goal of the pharmaceutical scientist to find a relationship between an in vitro
characteristic of a dosage form and its in vivo performance. The earliest achievable in vitro
characteristic thought to portend an acceptable in vivo performance was tablet and capsule
disintegration. A test for disintegration was adopted in USP XIV (1950). At that time, no
quantitative work was done in attempting to demonstrate such a relationship, especially in
regard to in vivo product performance. However, advances in instrumental methods of analysis
ultimately opened up prospects for this work. The disintegration test was recognized as being
insufficiently sensitive by the USP-NF Joint Panel on Physiologic Availability, and in 1968 the
Panel directed the identification of candidate articles for the first twelve official dissolution
tests that used Apparatus 1.
The state of science is such that conduct of in vivo testing is necessary in the development
and evaluation of dosage forms. Also, no product, including suspensions and chewable tablets,
should be developed without dissolution or drug release characterization where a solid phase
exists. This chapter sets forth, for products intended for human use, guidelines for
characterizing a drug that include: (1) developing in vitro test methods for immediate-release
and modified-release dosage forms, (2) designing in vivo protocols, and (3) demonstrating and
assessing in vitro-in vivo correlations for modified-release dosage forms.
IN VITRO EVALUATION
Dissolution and Drug Release Testing—Method Development for Immediate-Release
Dosage Forms
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Dissolution testing is required for all solid oral Pharmacopeial dosage forms in which absorption
of the drug is necessary for the product to exert the desired therapeutic effect. Exceptions are
for tablets meeting a requirement for completeness of solution or for rapid (10 to 15 minutes)
disintegration for soluble or radiolabeled drugs. The apparatus and procedure conform to the
requirements and specifications given in the general chapter Dissolution

711 . Generally,

experiments are conducted at 37 .
The dissolution medium preferably is deaerated water or, if substantiated by the solubility
characteristics of the drug or the formulation, a buffered aqueous solution (typically pH 4 to 8)
or a dilute acid (0.001 N to 0.1 N hydrochloric acid) may be used. The usual volume of the
medium is 500 to 1000 mL, with the use of greater volumes (up to 2000 mL) allowed for drugs
having limited solubility. The quantity of medium used should be not less than 3 times that
required to form a saturated solution of the drug substance. The significance of deaeration of
the medium should be determined. Addition of solutes (i.e., surfactants) and electrolytes to aid
in solubilization of the drug must be balanced against the loss of the discriminatory power of
the test. The use of hydroalcoholic media is generally not favored. The use of such media
should be supported by a documented in vitro-in vivo correlation. Conversely, it should be
recognized that this discriminatory power could in some circumstances be excessive in that it
may result in detection of differences in dissolution that are not clinically significant.
The choice of apparatus should be based on knowledge of the formulation design and actual
dosage form performance in the in vitro test system. Since dissolution apparatuses tend to
become less discriminating when operated at faster speeds, lower stirring speeds should be
evaluated and an appropriate speed chosen in accordance with the test data. The most
common operating speeds are 100 rpm for Apparatus 1 (basket) and 50 rpm for Apparatus 2
(paddle) for solid-oral dosage forms and 25 rpm for suspensions. A 40-mesh screen is used in
almost all baskets, but other mesh sizes may be used when the need is documented by
supporting data.
Apparatus 2 is generally preferred for tablets. Apparatus 1 is generally preferred for capsules
and for dosage forms that tend to float or that disintegrate slowly. A sinker, such as a few
turns of platinum wire, may be used to prevent a capsule from floating. Other types of sinker
devices that achieve minimal coverage of dosage form surface are commercially available.
Where the use of a sinker device is employed, it is incumbent on the analyst to assure that the
device used does not alter the dissolution characteristics of the dosage form.
Dissolution testing should be conducted on equipment that conforms to the requirements in the
chapter Dissolution 711 and that has been calibrated with both the USP Salicylic Acid and
Prednisone Calibrator Tablets. The method of analysis should be validated in accordance with
the procedures given in the chapter Validation of Compendial Procedures 1225 .
The test time is generally 30 to 60 minutes, with a single time point specification for
pharmacopeial purposes. To allow for typical disintegration times, test times of less than 30
minutes should be based on demonstrated need. Industrial and regulatory concepts of product
comparability and performance may require additional time points, and this may also be a
feature required for product registration or approval. For registration purposes, a plot of
percentage of drug dissolved versus time should be determined. Enough time points should be
selected to characterize adequately the ascending and plateau phases of the dissolution curve.
Dissolution test times and specifications usually are established on the basis of an evaluation of
dissolution profile data. Typical specifications for the amount of active ingredient dissolved,
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expressed as a percentage of the labeled content (Q), are in the range of 70% to 80% Q
dissolved. A Q value in excess of 80% is not generally used, as allowance needs to be made for
assay and content uniformity ranges.
For products containing more than a single active ingredient, dissolution normally should be
determined for each active ingredient. Where a dissolution test is added to an existing
monograph, the disintegration test is deleted. However, in the case of sublingual preparations,
a short disintegration time may be retained as a monograph specification in addition to a
dissolution requirement.
Dissolution and Drug Release Testing—Method Development for Modified-Release
Dosage Forms
Drug release testing is required for all modified-release dosage forms in which absorption of the
drug is necessary for the product to exert the desired therapeutic effect. The apparatus and
procedure conform to the requirements and specifications given in the general chapter Drug
Release 724 .
The dissolution medium preferably is deaerated water or, if substantiated by the solubility
characteristics of the drug or the formulation, buffered aqueous solutions (typically pH 4 to 8)
or dilute acid (0.001 N to 0.1 N hydrochloric acid) may be used. (See above under Dissolution
and Drug Release Testing—Method Development for Immediate-release Dosage Forms.) For
modified-release dosage forms, the pH- and surfactant-dependence of the dosage form should
be evaluated by in vitro testing in media of various compositions. The volume of medium will
vary depending on the apparatus used and the formulation under test.
The choice of apparatus should be based on knowledge of the formulation design and actual
dosage form performance in the in vitro test system. Apparatus 1 (basket) or Apparatus 2
(paddle) may be more useful at higher rotation frequencies (e.g., the paddle at 100 rpm).
Apparatus 3 (reciprocating cylinder) has been found to be especially useful for bead-type
modified-release dosage forms. Apparatus 4 (flow cell) may offer advantages for modifiedrelease dosage forms that contain active ingredients having very limited solubility. Apparatus 7
(reciprocating disk) has been shown to have application to nondisintegrating oral modifiedrelease dosage forms, as well as to transdermal dosage forms. Apparatus 5 (paddle over disk)
and Apparatus 6 (cylinder) have been shown to be useful for evaluating and testing
transdermal dosage forms.
At least three test times are chosen to characterize the in vitro drug release profile for
Pharmacopeial purposes. Additional sampling times may be required for drug approval purposes.
An early time point, usually 1 to 2 hours, is chosen to show that potential dose dumping is not
probable. An intermediate time point is chosen to define the in vitro release profile of the
dosage form, and a final time point is chosen to show essentially complete release of the drug.
Test times and specifications are usually established on the basis of an evaluation of drug
release profile data. For products containing more than a single active ingredient, drug release
should be determined for each active ingredient.
Where a single set of specifications cannot be established to cover multisource monograph
articles, application of a Case Three standard is appropriate. In Case Three, multiple drug
release tests are included under the same monograph heading, and labeling requirements are
included to indicate with which drug release test a specific product complies and, in some
cases, the biological performance to be expected.
Drug release testing should be conducted on equipment that conforms to the requirements in
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the chapter Drug Release 724 and that has been calibrated with the appropriate USP
calibrators. The method of analysis should be validated in accordance with the procedures
given in the chapter Validation of Compendial Procedures

1225 .

IN VIVO EVALUATION OF MODIFIED-RELEASE DOSAGE FORMS
In evaluating a modified-release product, a fundamental issue is the types of studies that
should be performed to give reasonable assurance of safety and efficacy. While providing
important information concerning the release characteristics of the drug from the dosage form,
at present in vitro studies are most useful for such purposes as monitoring drug product
stability and manufacturing process control. The assessment of safety and efficacy of a
modified-release dosage form is best achieved through observing in vivo pharmacodynamics or
pharmacokinetics. Moreover, where there is a well-defined, predictive relationship between the
plasma concentrations of the drug or active metabolites and the clinical response (therapeutic
and adverse), it may be possible to use plasma drug concentration data alone as a basis for
the approval of a modified-release preparation that is designed to replace an immediate-release
preparation.
The following guidelines are intended to provide guidance in drug substance evaluation and the
design, conduct, and evaluation of studies involving modified-release dosage forms. While these
guidelines will focus on oral drug delivery systems, the principles may be applicable to other
routes of drug administration (e.g., transdermal, subcutaneous, intramuscular, etc.).
Characterization of Drug Substance
PHYSICOCHEMICAL PROPERTIES
Physicochemical information necessary to characterize the drug substance in a modified-release
dosage form should generally be no less than for the drug substance in an immediate-release
dosage form. Additional physicochemical information may be needed on polymorphism, particle
size distribution, solubility, dissolution rate, stability, and other release-controlling variables of
the active drug entity under conditions that may react to the extremes of the physiologic
environment experienced by the dosage form. For purposes of this chapter, active drug entity
is taken to be the official drug substance.
PHARMACOKINETIC PROPERTIES
It is recommended to characterize thoroughly the input absorption profile of the active drug
entity from a rapidly available preparation (an intravenous solution or oral solution or a wellcharacterized FDA-approved immediate-release drug product), which serves in turn as a
reference to evaluate the input profile of the modified-release dosage form. This information
together with the biological disposition characteristics for the active drug entity can
characterize and predict changes in the bioavailability of the drug when input is modified as in
the case of the modified-release dosage form. For example, if the active drug entity exhibits
saturable first-pass hepatic metabolism, a reduction in systemic availability could result after
oral administration if the input rate is decreased.
In designing an oral modified-release dosage form, it may be useful to determine the absorption
of the active drug entity in various segments of the gastrointestinal tract (particularly in the
colon in the case of dosage forms that may release drug in this region). The effects of food
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also may be important, and should be investigated.
DISPOSITION PROPERTIES
The information required to characterize the processes of disposition of the active drug entity
from a modified-release dosage form should include those generally determined for the same
drug in an immediate-release dosage form. This may include the following:
1. Disposition parameters—clearance, volume of distribution, half-life, mean residence time,
or model-dependent or noncompartmental parameters.
2. Linearity or characterization of nonlinearity over the dose or concentration range which
could possibly be encountered.
3. Accumulation.
4. Metabolic profile and excretory organ dependence, with special attention to the active
metabolites and active enantiomers of racemic mixtures.
5. Enterohepatic circulation.
6. Protein binding parameters and dialyzability.
7. The effects of age, gender, race, and relevant disease states.
8. Plasma/blood ratios.
9. A narrow therapeutic index or a clinical response that varies significantly as a function
of the time of day.
PHARMACODYNAMIC PROPERTIES
Prior to developing a modified-release dosage form, information described below should be
gathered.
Concentration-response relationships should be available over a dose range sufficiently wide to
encompass important therapeutic and adverse responses. In addition, the equilibration
time1 characteristics between plasma concentration and effect should be evaluated. These
concentration-response relationships should be sufficiently characterized so that a reasonable
prediction of the safety margin can be made if dose-dumping from the modified-release dosage
form should occur. If there is a well-defined relationship between the plasma concentration of
the active drug entity or active metabolites and the clinical response (therapeutic and
adverse), the clinical performance of a new modified-release dosage form could be
characterized by plasma concentration-time data. If such data are not available, clinical trials
of the modified-release dosage form should be carried out with concurrent pharmacokineticpharmacodynamic measurements.
Characterization of the Dosage Form
PHYSICOCHEMICAL PROPERTIES
The variables employed to characterize the physicochemical properties of the active drug
entity as it exists or is discernible in the dosage form should be the same as those employed to
characterize the drug substance. Solubility and dissolution profiles over a relevant pH range,
usually from pH 1 to pH 7.4, should be obtained, with particular attention given to the effect of
the formulation (as compared to the active drug entity). Characterization of formulations that
are insoluble in aqueous systems may require the addition of sodium lauryl sulfate or other
surfactant.
PHARMACOKINETIC PROPERTIES

PF 37(5): Sep.-Oct. 2011

46

The types of pharmacokinetic studies that should be conducted are a function of how much is
known about the active drug entity, its clinical pharmacokinetic and biopharmaceutic
properties, and whether pharmacokinetic studies are intended to be the sole basis for product
approval. As a minimum, (1) a single-dose crossover study for each strength of a modifiedrelease dosage form and (2) a multiple-dose, steady-state study using the highest strength of
a modified-release dosage form are required to characterize the product. Some appropriate
single-dose crossover and multiple-dose steady-state studies are described below.
In some modified-release capsule dosage forms, the strengths differ from each other only in the
amount of identical beaded material contained in each capsule. In this case, a single-dose and
a multiple-dose steady-state study at the highest dosage strength are sufficient. Other
strengths may be characterized on the basis of comparative in vitro dissolution data.
The following pharmacokinetic studies would be needed for most modified-release dosage forms.
Such studies may, in this instance, constitute the basis for characterization of the dosage
form. If approval is to be sought without conducting clinical trials, it is recommended that there
be preconsultation with the regulatory authorities to ensure that an adequate database exists
for such approval.
The types of studies generally conducted can be categorized as follows.
Case A—
Case A applies to the original modified-release oral dosage form of an active drug entity already
marketed in immediate-release form and for which extensive pharmacodynamic/pharmacokinetic
data exist.
Single-dose Crossover Study—
A single-dose crossover study should include the following treatments: the modified-release
dosage form administered under fasting conditions; a dosage form that is rapidly available
administered under fasting conditions; and the modified-release dosage form administered at
the same time as a high-fat meal (or another type of meal that has potential for causing
maximum perturbation).
The study of food effects should include provision for control of the fluid intake (e.g., 6 to 8
oz.) and temperature (e.g., ambient) at the time of drug administration. The dosage form
should be administered within 5 minutes after completion of the meal.
If there are no significant differences in the rate or extent of bioavailability (AUC, Cmax, and
T max) as a function of the meal, then additional food effect studies are not necessary.
If significant differences in bioavailability are found, it is necessary to define how food affects
the modified-release dosage form, as well as how the food-drug effect relates to time.
The purpose of these studies is twofold: first, to determine whether there is a need for labeling
instructions describing special conditions for administration with respect to meals and second,
to provide information concerning the pattern of absorption of the modified-release dosage form
compared to that of the immediate-release dosage form. The drug input function should be
defined for modified-release dosage forms.2 This will aid in the development of an appropriate in
vitro dissolution test. For dosage forms that exhibit high variability, replicate studies are
recommended.
Use the following guidelines in evaluating food effect.
1. If no well-controlled studies have previously defined the effects of a concurrent highfat meal on an immediate-release dosage form, studies should be performed to
determine whether a food effect is a result of problems with the dosage form, i.e.,
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food-related changes in release, or food effects that are unrelated to the dosage form,
such as changes in the drug's absorption from the gastrointestinal tract or changes in
the drug's disposition (i.e., distribution or elimination) that are independent of
absorption. The cause of the food effect should be determined by conducting a singledose crossover study comparing the solution (or immediate-release dosage form) under
fed and fasting conditions. If there is no effect of food, then one would conclude that
there are problems with the dosage form. If there is an effect of food, then one would
conclude that these are unrelated to the dosage form.
The effect of timing on the food-drug effect should be tested by performing a four-way
crossover study with the modified-release dosage form administered under the following
treatment conditions: fasting, taken with a high-fat meal, 1 hour before a high-fat
meal, and 2 hours after a high-fat meal.
If the food effect on an immediate-release dosage form is determined to result from
changes in the dissolved drug's absorption from the gastrointestinal tract or from
changes in drug disposition, studies should be designed to define the appropriate
relationship between drug dosing and meals.
Alternative appropriate studies could be conducted if the applicant were to label the
drug for administration with a meal that is not fat-loaded. In this case, an alternative
meal composition should be considered.
The entire single-dose, modified-release absorption profile should be monitored. Where
appropriate (e.g., in a multiple-dose study) for specific drugs and drug delivery systems,
blood samples should be taken following breakfast on the second day, before the
second dose is administered. This sampling schedule is particularly important for oncea-day products.
For delayed-release (enteric-coated) dosage forms, bioavailability studies to
characterize adequately the food effects and to support the dosing claims stated in the
labeling should be performed.

Multiple-dose, Steady-state Studies—
STUDY I—When data demonstrating linear pharmacokinetics exist for an immediate-release
dosage form, a steady-state study should be conducted with the modified-release dosage form
at one dose rate (preferably at the high end of the usual dose-rate range) using an immediaterelease dosage form as a control. At least three trough-plasma drug concentration (Cmin)
determinations should be made to ascertain that steady-state conditions have been achieved.
Plasma-drug concentration determinations, over at least one dosing interval of the modifiedrelease dosage form, should be made in each phase of the crossover study. It may be
preferable (as in the case of rhythmic variation in absorption or disposition of the drug) to
measure concentrations over an entire day in each phase. The presence or absence of
circadian variation should be verified. The modified-release dosage form should produce an AUC
that is equivalent to the immediate-release dosage form. The degree of fluctuation for the
modified-release product should be the same as, or less than, that for the immediate-release
dosage form given by the approved regimen. Appropriate concentration measurements should
include unchanged drug and major active metabolites. For racemic drug entities, consideration
should be given to the measurement of the active enantiomers [enantiomer/diasteriomer
distinction].
STUDY II—Where comparisons of the pharmacokinetic properties of an immediate-release
dosage form at different doses are not available, or where the data show nonlinearity, steady-
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state crossover studies comparing effects of the modified-release dosage form with those of
the immediate-release dosage form should be conducted at two different dose rates: one at
the low end of the recommended dosing range and the second at the high end of the dosing
range. In each case, the modified-release dosage form must meet the criteria described in
Study I with respect to AUC and fluctuations in plasma drug concentrations. If there are
significant differences between the modified-release dosage form and the immediate-release
dosage form at either the low or the high dosing rate, these data alone are not adequate to
characterize the product.
Data can be misleading when obtained from subjects with atypical drug disposition or
physiologic characteristics, relative to the target population. Therefore, subject selection
should be randomized or from an appropriate target population. If the modified-release dosage
form is for use in a specific subpopulation (e.g., for children), it should be tested in that
population. Regardless of whether a drug exhibits linear or nonlinear pharmacokinetics, the basis
for characterization is equivalence of AUC and of the relative degree of fluctuation of
concentrations of the modified-release and immediate-release dosage forms.
Steady-state studies in selected patient population groups or drug interaction studies may also
be necessary, depending upon the therapeutic use of the drug and the types of individuals for
whom the modified-release dosage form will be recommended. For drugs having narrow
therapeutic indices, it may be necessary to perform more extensive plasma concentration
measurements to determine the potential for unusual drug-release patterns in certain
subpopulations. In such studies, it is advisable to perform more than one AUC measurement per
patient to assess variability with both the modified-release and the immediate-release dosage
forms.
Case B—
Case B applies to a non-oral, modified-release dosage form of an already marketed active drug
entity for which extensive pharmacodynamic/pharmacokinetic data exist.
Case A studies (omitting the food effect studies) would be appropriate for the evaluation of a
modified-release dosage form designed for a non-oral route of administration if the pattern of
biotransformation to active metabolites is identical for the two routes. If the biotransformation
patterns are different, then clinical efficacy studies should be performed with the modifiedrelease dosage form. In addition, special studies may be necessary to assess specific risk
factors related to the dosage form (e.g., irritation and/or sensitization at the site of
application).
Case C—
Case C applies to a generic equivalent of an approved modified-release dosage form.
A generic equivalent of an approved modified-release dosage form should be bioequivalent to
the standard modified-release dosage form in its rate and extent of availability (i.e., AUC, Cmax,
Cmin, and degree of fluctuation) in crossover single-dose and steady-state studies. For an oral
modified-release dosage form, the food studies described under Case A should also be
performed.
Statistical Analysis
An appropriate statistical method should be selected. (See In Vivo Bioequivalence Guidances
1090 ).
The currently accepted criteria in the United States for equivalence for most dosage forms
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require that the mean pharmacokinetic parameters of the test dosage form should be within
80% to 125% of the reference dosage form using the 90% confidence interval (or, equivalently,
the two-sided test procedure, P = 0.05), and the upper and lower bounds must be within the
90% confidence interval.
IN VITRO–IN VIVO CORRELATIONS
The term in vitro–in vivo correlation first appeared in pharmaceutical literature as a result of
the awareness of the concepts of bioavailability and of in vitro dissolution rate determinations.
The term in vitro–in vivo correlation refers to the establishment of a rational relationship
between a biological property, or a parameter derived from a biological property produced by a
dosage form, and a physicochemical property or characteristic of the same dosage form. The
biological properties most commonly used are one or more pharmacokinetic parameters, such as
Cmax or AUC, obtained following the administration of the dosage form. The physicochemical
property most commonly used is a dosage form's in vitro dissolution behavior (e.g., percent of
drug released under a given set of conditions). The relationship between the two properties,
biological and physicochemical, is then expressed quantitatively.
With the proliferation of modified-release products, it becomes necessary to examine the
concept of in vitro–in vivo correlation in greater depth. Unlike immediate-release dosage forms,
modified-release products cannot be characterized using a single-time point dissolution test.
Furthermore, with a modified-release product a patient is to experience a specific plasma level
curve covering a finite time period, usually 12 to 24 hours. There must be some in vitro means
of assuring that each batch of the same product will perform identically in vivo. An in vitro–in
vivo correlation would satisfy this need. Initially it was thought that developing a meaningful
correlation for immediate-release dosage forms would be an easier task than for modifiedrelease products. However, because of the nature of the principles upon which each type is
based, it is believed that an in vitro–in vivo correlation is more readily defined for modifiedrelease dosage forms.
Modified-Release Dosage Forms
GENERAL CONSIDERATIONS
Initial attempts at developing in vitro–in vivo correlations of modified-release products utilized
the same concepts as those employed with immediate-release dosage forms. Thus, numerous
attempts have been made to correlate one or more pharmacokinetic parameters, determined
from in vivo studies of a product, with the amount released in a given time in an in vitro
dissolution test. These were essentially single-point correlations. Such relationships might
indicate that increasing or decreasing the in vitro dissolution rate of the modified-release
dosage form would result in a corresponding directional change in the product's performance.
However, they revealed little about the overall plasma level curve, which is a major factor for
drug performance in the patient.
The recognition and utilization of deconvolution techniques as well as statistical moment
calculations represented a major advance over the single-point approach in that these two
methodologies utilize all of the dissolution and plasma level data available to develop the
correlations. Therefore, there are at least three correlation techniques (i.e., deconvolution,
statistical moment, and single point), available to the pharmaceutical scientist. There are
marked differences in the quality of the correlation obtained with each procedure. Thus, these
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methods have been categorized and are discussed in terms of the advantages of each along
with the resulting potential utility as a predictive tool for the pharmaceutical scientist.
CORRELATION LEVELS
Three correlation levels have been defined and categorized in descending order of usefulness.
The concept of correlation level is based upon the ability of the correlation to reflect the entire
plasma drug concentration–time curve that will result from administration of the given dosage
form. It is the relationship of the entire in vitro dissolution curve to the entire plasma level
curve that defines the correlation.
Level A—This level is the highest category of correlation. It represents a point-to-point
relationship between in vitro dissolution and the in vivo input rate of the drug from the dosage
form. This latter factor is sometimes referred to as in vivo dissolution. In such a correlation, the
in vitro dissolution and in vivo input rate curves are either directly superimposable or may be
made to be superimposable by the use of a constant offset value. The mathematical
description for both curves is the same. Such a procedure is most applicable to modifiedrelease systems that demonstrate an in vitro release rate that is essentially independent of the
typical dissolution media usually employed in pharmaceutics. However, this is not a requirement
for a Level A correlation. With this correlative procedure, a product's in vitro dissolution curve is
compared to its in vivo input curve (i.e., the curve produced by deconvolution of the plasma
level data). This may be done by use of mass balance model-dependent techniques, such as
the Wagner–Nelson procedure or the Loo–Riegelman method, or by model-independent,
mathematical deconvolution.
The advantages of a Level A correlation are as follows:
A point-to-point correlation is developed. This is not found with any other correlation
level. It is developed using every plasma level and dissolution point that has been
generated. Thus, it reflects the complete plasma level curve. As a result, in the case of
a Level A correlation, an in vitro dissolution curve can serve as a surrogate for in vivo
performance. Therefore, a change in manufacturing site, method of manufacture, raw
material supplies, minor formulation modification, and even product strength using the
same formulation can be justified without the need for additional human studies.
A truly meaningful (in vivo indicating) quality control procedure, which is predictive of a
dosage form's performance, is defined for the dosage form.
The extremes of the in vitro quality control standards can be justified by a convolution
or deconvolution procedure.
Level B—Utilizes the principles of statistical moment analysis. The mean in vitro dissolution
time is compared to either the mean residence time or the mean in vivo dissolution time. Like
correlation Level A, Level B utilizes all of the in vitro and in vivo data but is not considered to
be a point-to-point correlation because it does not reflect the actual in vivo plasma level
curve, since there are a number of different in vivo curves that will produce similar mean
residence time values. For this reason, unlike the case of a Level A correlation, one cannot rely
upon a Level B correlation alone to justify formulation modification, manufacturing site change,
excipient source change, etc. In addition, in vitro data from such a correlation could not be
used to justify the extremes of quality control standards.
Level C—This category relates one dissolution time point (t 50%, t 90%, etc.) to one
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pharmacokinetic parameter such as AUC, Cmax, or T max. It represents a single point correlation.
It does not reflect the complete shape of the plasma level, which is the critical factor that
defines the performance of modified-release products. Since this type of correlation is not
predictive of actual in vivo product performance, it is generally only useful as a guide in
formulation development or as a production quality control procedure. Because of its obvious
limitations, a Level C correlation has limited usefulness in predicting in vivo drug performance
and is subject to the same caveats as a Level B correlation in its ability to support product and
site changes as well as justification of quality control standard extremes.
DEVELOPING A CORRELATION
This chapter does not define the only procedures for developing an in vitro–in vivo correlation,
as any well-designed and scientifically valid approach would be acceptable. To assist the
pharmaceutical scientist, one possible procedure for developing a Level A correlation is
described below.
The plasma level or urinary excretion data obtained in the definitive bioavailability study
of the modified-release dosage form are treated by a deconvolution procedure. The
resulting data may represent the drug input rate of the dosage form. It is also
considered to represent in vivo dissolution when the rate-controlling step of the dosage
form is its dissolution rate (i.e., drug absorption, after it has dissolved, is considered to
be instantaneous). Any deconvolution procedure (i.e., mass balance or mathematical
deconvolution) will produce acceptable results.
The biobatch3 is subjected to in vitro dissolution evaluation, and the effect of varying
the dissolution conditions investigated. Some of the variables that can be studied are
the apparatus (it is preferable to use official apparatus), mixing intensity, and
dissolution medium (pH, enzymes, surfactants, osmotic pressure, ionic strength, etc.).
It is not always necessary to study the dosage form's dissolution behavior under all of
the conditions indicated. The number of conditions investigated will depend largely on
whether a correlation can be found with the in vitro results obtained under the more
commonly investigated conditions such as apparatus, agitation intensity, or dissolution
medium and pH value. Each formulation and every drug represents an individual
challenge. The in vitro evaluation of the dosage form should be performed regardless of
the correlation level being developed.
The in vitro dissolution curve is then compared to the drug input rate curve. This can
be performed by various methods. Simply positioning one curve on the other can often
indicate the existence of a correlation. This may then be quantified by defining the
equation for each curve and comparing the corresponding constants. The simplest way
to demonstrate a correlation is to plot the fraction absorbed in vivo versus the fraction
released in vitro. With a Level A correlation, this relationship is often linear with a slope
of 1. The intercept may or may not be 0 depending upon whether there is a lag time
before the system begins to release drug in vivo, or the absorption rate is not
instantaneous resulting in the presence of some finite quantity of dissolved but
unabsorbed drug. In either case, it is a point-to-point or a Level A correlation when the
relationship is linear with a slope of 1. This indicates that the curves are essentially
superimposable.
If from the studies indicated in the in vitro dissolution evaluation above, the modifiedrelease dosage form exhibits dissolution behavior that is independent of the variables
studied, and a Level A correlation is demonstrated when the in vitro dissolution curve is
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compared to the drug input rate curve, it is likely that the correlation is general and can
be extrapolated within a reasonable range for that formulation of the active drug entity.
If, however, the dosage form exhibits dissolution behavior that varies with the in vitro
conditions, it must be determined which set of dissolution conditions best correlates
with in vivo performance. One can then establish whether the correlation is real or an
artifact. This is achieved by preparing at least two formulations having significantly
different in vitro behavior. One should demonstrate a more rapid release and the other a
slower release than the biobatch. A pilot BA-BE study should be performed with these
formulations, and the previously established correlation demonstrated for both. The
formulation modifications of these batches should be based upon formulation factors
that would be expected to influence the product's modified-release mechanism, and
modification of these formulation factors are expected to influence the dosage form's
release rate.
Once a Level A correlation is established, it is possible that in vitro testing may be
utilized for establishing the effects of manufacturing modifications such as minor
formulation changes, manufacturing site and equipment change, alternative excipient
suppliers, and a change in dosage form strength in the same formulation. It is
questionable whether such an extrapolation with Level B and C correlations is possible.
Establishment of Dissolution Specification Ranges
It is relatively easy to establish a multipoint dissolution specification for a modified-release
dosage form. The dissolution behavior of the biobatch may be used to define the amount to be
released at each time point. The difficulty arises in the variation to be allowed around each
time point. In the case of a Level A correlation, this may be done in two ways, both of which
utilize the in vitro-in vivo correlation: convolution and deconvolution.
CONVOLUTION
Reasonable upper and lower dissolution values are selected for each time point established from
the biobatch. Historically, dissolution specifications have been selected by using the average
dissolution of the development batches, with a range of ± 2.5 to 3 standard deviations. It is
now expected that the average dissolution values are approximately the same as those of the
biobatch. The dissolution curves defined by the upper and lower extremes are convoluted to
project the anticipated plasma level curves that would result from administration of these
formulations to the same panel to which the biobatch was administered. If the resulting plasma
level data fall within the 95% confidence intervals obtained in the definitive BA-BE study, these
ranges can be considered to be acceptable. An alternative acceptance approach that has been
suggested is that when the therapeutic window for a drug has been defined, one may establish
an upper and lower limit if the convolution results fall within the therapeutic window, even if
they fall outside the confidence interval. If they fall outside the intervals, a more limited range
must be established. This should be continued until the predicted values meet the desired
ranges.
DECONVOLUTION
An acceptable set of plasma-level data is established both for a batch of material
demonstrating a more rapid release and for one demonstrating a slower release than that of the
biobatch. These may be selected by using the extremes of the 95% confidence intervals or ±1
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standard deviation of the mean plasma level. These curves are then deconvoluted, and the
resulting input rate curve is used to establish the upper and lower dissolution specifications at
each time point.
In the case of Level B and C correlations, batches of product must be made at the proposed
upper and lower limits of the dissolution range, and it must be demonstrated that these
batches are acceptable by performing a BA-BE study.
Immediate-Release Dosage Forms
GENERAL CONSIDERATIONS
Since the mechanisms for release of drug from modified-release dosage forms are more complex
and variable than those associated with immediate-release dosage forms, it would be
anticipated that an in vitro-in vivo correlation would be easier to develop with the later
formulations. Unfortunately, most of the correlation efforts to date with immediate-release
dosage forms have been based on the correlation Level C approach, although there also have
been efforts employing statistical moment theory (Level B). Although it is conceivable that the
same Level A correlation approach may be utilized with immediate-release dosage forms, until
data have been gathered to support this concept, Level B and Level C are the best approaches
that can be recommended with these dosage forms.

PURPOSE
This chapter provides an overview of the methodology for characterizing the physicochemical
properties of a drug substance as well as its associated drug product and discusses the
relationship of these methods and properties to the pharmacokinetic and pharmacodynamic
properties of the drug product. Results of in vitro methods are linked with information from in
vivo evaluations through an in vitro–in vivo correlation (IVIVC).
SCOPE
The ultimate goal of these characterization studies is an understanding of the relationship
between the physicochemical and pharmacological properties of the drug substance to the
pharmacokinetic properties and in vitro performance of the drug product. This chapter outlines
the in vitro and in vivo testing that goes into the development of the body of data that informs
decision making relating to the formulation, manufacturing, and related regulatory activities
necessary for the development, regulatory approval, and marketing of any drug product. The
chapter complements the information in general chapters, Assessment of Drug Product
Performance—Bioavailability, Bioequivalence, and Dissolution

1090

and The Dissolution

Procedure: Development and Validation 1092 by detailing the essential in vitro and in vivo
data elements underlying an understanding of bioequivalence and bioavailability. The chapter
text recognizes that regulatory guidances and a wealth of text books are available to elaborate
on the content provided, and it is not the purpose to provide an exhaustive disquisition on the
subjects presented but rather to provide a guide and listing of the issues of interest.
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BACKGROUND INFORMATION
Establishing a meaningful relationship between dissolution behavior and in vivo drug
performance (i.e., IVIVC) has long been sought from the perspectives of both bioavailability
(BA) and bioequivalence (BE) and quality control considerations. In setting dissolution
acceptance criteria for a product monograph, USP's policy has been to give predominant
consideration to valid BA or BE studies, when available.
The earliest achievable in vitro characteristic thought to predict an acceptable in vivo
performance was tablet and capsule disintegration. A test for disintegration was adopted in USP
XIV (1950). At that time, no quantitative work was done to attempt to demonstrate such a
relationship, especially with regard to in vivo product performance. Advances in instrumental
methods and analytical precision ultimately opened up prospects for this work. The USP–NF
Joint Panel on Physiologic Availability recognized that the disintegration test was insufficiently
sensitive and in 1968 directed the identification of candidate articles for the first 12 official
dissolution tests that used Apparatus 1.
USP requires drug release testing via the USP performance test in the majority of monographs
for non-solution oral, sublingual, and transdermal dosage forms. In the current state of science,
in vivo testing is necessary during the development and evaluation of both immediate-release
and modified-release dosage forms. In some cases, depending on the Biopharmaceutics
Classification System (BCS) classification of the drug, and depending on regulatory policy, in
vivo testing may not be necessary. The special sensitivity of the of the dissolution test to
changes in composition or method of manufacturing that do not result in significant changes in
performance in vivo is well recognized. An understanding of the full complement of information
given by in vitro and in vivo evaluation of the drug substance and product is the starting point
in the development of a meaningful in vitro performance test.
IN VITRO EVALUATION
Physicochemical Properties—Drug Substance
Physicochemical information typically includes polymorphism, stability, particle size distribution,
solubility, dissolution rate, lipophilicity, permeability, and other release-controlling variables of
the drug substance under conditions that may mimic the extremes of the physiologic
environment experienced by the dosage form.
Physicochemical Properties—Drug Product
The variables tested to characterize the physicochemical properties of the drug product should
be the same as those that are tested to characterize the drug substance. Dissolution profiles
over a relevant pH range, usually from pH 1 to pH 6.8, should be obtained with particular
attention to formulation effects. Characterization of formulations that are insoluble in aqueous
systems may require the addition of sodium lauryl sulfate or another surfactant. The BCS
classification of the drug product should be determined, especially for immediate-release
dosage forms.
Dissolution Testing
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Dissolution testing is required for all non-solution oral, including sublingual, Pharmacopeial
dosage forms in which absorption of the drug is necessary for the product to exert the desired
therapeutic effect. Exceptions include tablets that meet a requirement for completeness of
solution, products that contain radiolabeled drugs, or products that contain a soluble drug and
demonstrate rapid (10–15 min) disintegration. Dissolution testing should be conducted on
equipment that conforms to the requirements in Dissolution 711 and on which a performance
verification test has been conducted when one is available. On its website, USP provides a
guidance for optimizing dissolution instrument performance by mechanical calibration and
performance verification testing (http://www.usp.org/pdf/EN/dissolutionProcedureToolkit201003.pdf).
In vitro dissolution testing generally should attempt to mimic in vivo dissolution, but such in
vitro conditions cannot be selected reliably a priori. A range of in vitro dissolution test
conditions (e.g., media of varying pH, surfactant, and apparatus rotational speed) should be
evaluated. Knowledge of drug properties, product formulation, gastrointestinal physiology, in
vitro dissolution, and in vivo pharmacokinetics will aid in the selection of in vitro dissolution test
conditions and specifications.
For products that contain more than a single active ingredient, dissolution typically should be
determined for each active ingredient. When a dissolution test is added to an existing
monograph, the disintegration test is deleted, but in the case of sublingual preparations and
orally disintegrating tablets, disintegration may be a critical quality attribute in addition to
dissolution. In such cases one or both tests can be included in the monograph.
When a single set of specifications cannot be established for multisource products described in
monographs, multiple dissolution tests are allowed, and labeling is required to indicate the
appropriate dissolution test for the specific product.
Detailed information about method development and validation can be found in The Dissolution
Procedure: Development and Validation

1092 .

IMMEDIATE-RELEASE DOSAGE FORMS
For immediate-release dosage forms the in vitro dissolution process typically requires no more
than 60 min, and in most cases a single time-point specification is adequate for Pharmacopeial
purposes. To allow for typical disintegration times, test times of less than 30 min should be
based on demonstrated need.
EXTENDED-RELEASE DOSAGE FORMS
For extended-release products in vivo dissolution generally is rate limiting, which results in
protracted drug absorption and thus facilitates the identification of in vitro test conditions that
may be predictive of in vivo dissolution. Multiple sampling time points, therefore, are necessary
to define a dissolution profile for a modified-release dosage form.
The choice of apparatus should be based on knowledge of the formulation and actual dosage
form performance in the in vitro test system. Apparatus 1 (basket) or Apparatus 2 (paddle)
may be more useful at higher rotation rates (e.g., the paddle at 100 rpm). Apparatus 3
(reciprocating cylinder) has been especially useful for bead-type modified-release dosage
forms. Apparatus 4 (flow cell) may offer advantages for modified-release dosage forms that
contain active ingredients that have limited solubility. Apparatus 7 (reciprocating disk) is
applicable to nondisintegrating oral modified-release dosage forms, as well as to transdermal
dosage forms. Apparatus 5 (paddle over disk) and Apparatus 6 (cylinder) also are useful for
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evaluating and testing transdermal dosage forms.
At least three test times are chosen to characterize the in vitro drug release profile of an
extended-release dosage form for Pharmacopeial purposes. Additional sampling times may be
required for drug approval purposes. An early time point, usually 1–2 h, is chosen to show that
dose dumping is not probable. An intermediate time point is chosen to define the in vitro release
profile of the dosage form, and a final time point is chosen to show essentially complete release
of the drug.
IN VIVO EVALUATION OF DOSAGE FORMS
In evaluating a drug product‘s performance, analysts fundamentally must ask what type of
study should be performed to give reasonable assurance of BE of a marketed product to the
clinical trial product that demonstrated safety and efficacy. Although they provide important
information concerning the release characteristics of the drug from the dosage form, in vitro
dissolution studies at present are used primarily for setting or supporting specifications for drug
products (e.g., shelf life) and manufacturing process control [e.g., scale-up or postapproval
changes]. Normally BE is best demonstrated by in vivo evaluation but can sometimes be
replaced by in vitro studies. BE assessment of modified-release dosage forms is best achieved
by observing in vivo drug pharmacokinetic and/or pharmacodynamic behavior by means of welldesigned clinical studies. Multiple guidances for the conduct of such studies are provided by
regulatory agencies. Moreover, when a well-defined, predictive relationship exists between
plasma concentrations of a drug or its active metabolites and the clinical response (therapeutic
and adverse), it is possible to use plasma drug concentration data alone as a basis for the
approval of a modified-release dosage form that is designed to replace an immediate-release
dosage form.
Although human pharmacokinetic studies often are used to assess BE of immediate-release solid
oral dosage forms, in some cases in vitro studies can be used to assess BE. The principal
advantage of in vitro studies is that they reduce development costs. For example, an in vitro
test is preferable when one is testing BCS Class I drugs with rapid dissolution. Some regulatory
agencies permit this type of testing in lieu of in vivo testing.
The following discussions are intended to provide guidance for drug substance evaluation and
the design, conduct, and evaluation of studies involving dosage forms. Although these
guidelines focus on oral drug delivery systems, the principles may be applicable to other routes
of drug administration (e.g., transdermal, subcutaneous, intramuscular, etc.).
CHARACTERIZATION OF DRUG SUBSTANCE
The Biopharmaceutics Classification System (BCS)
FDA has issued a guidance titled “Waiver of In Vivo Bioavailability and Bioequivalence Studies
for Immediate-release Solid Oral Dosage Forms Based on a Biopharmaceutics Classification
System”
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070246.pdf).
A key assumption in the approach is that drug release and dissolution is sufficiently rapid so
that an in vitro–in vivo correlation is not possible and/or useful. When applicable, the BCS
allows dissolution rate data in lieu of BA or BE studies for product approval.
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Pharmacokinetic Properties
Analysts should thoroughly characterize the input absorption profile of the active drug entity
from a formulation that shows rapid BA (an intravenous solution, oral solution, or a wellcharacterized immediate-release drug product). In turn, this formulation serves as a reference
to evaluate the input profile of the modified-release dosage form. This information, together
with the pharmacokinetics of the active drug entity, can characterize drug absorption and can
predict changes in drug BA when input is modified as in modified-release dosage forms. For
example, if the active drug entity exhibits saturable first-pass hepatic metabolism, a reduction
in systemic availability could result after oral administration if the input rate is decreased.
In designing an oral modified-release dosage form, analysts may find it useful to determine the
absorption of the active drug entity in various segments of the gastrointestinal tract,
particularly in the lower gastrointestinal tract (colon) for delayed-release dosage forms that
release drug in this region. Food effects also may be important and should be investigated.
Drug Disposition
The information required to characterize drug disposition may include the following.
1. Disposition parameters—clearance, area under the time—plasma concentration curve
(AUC), maximum plasma concentration (Cmax), time to maximum plasma concentration
(T max), volume of distribution, half-life, mean residence time, or model-dependent
parameters.
2. Linearity or characterization of nonlinearity over the dose or concentration range that
could be encountered.
3. Drug/metabolite accumulation.
4. Metabolic profile and excretory pathway, with special attention to the active
metabolites and active enantiomers of racemic mixtures.
5. Enterohepatic circulation.
6. Protein-binding parameters and effect of dialysis.
7. The effects of age, gender, race, and relevant disease states.
8. Plasma: blood ratios.
9. A narrow therapeutic index or a clinical response that varies significantly as a function
of the time of day (chronopharmacokinetics).
Pharmacodynamic Properties
Before developing a dosage form, analysts should obtain concentration–response relationships
over a dose range sufficiently wide to encompass important therapeutic and adverse
responses. In addition, the equilibration-time1 characteristics between plasma concentration
and effect should be evaluated. For modified-release products that typically have larger drug
doses in the dosage form, these concentration–response relationships should be sufficiently
characterized so that a reasonable prediction of the safety margin can be made if dose
dumping should occur. If there is a well-defined relationship between the plasma concentration
of the active drug substance or active metabolites and the clinical response (therapeutic and
adverse), the clinical performance of a new modified-release dosage form could be
characterized by plasma concentration–time data. If such data are not available, clinical trials
of the modified-release dosage form should be carried out with concurrent pharmacokinetic and
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pharmacodynamic measurements.
CHARACTERIZATION OF THE DOSAGE FORM
Pharmacokinetic Properties: Immediate-Release Products
The types of pharmacokinetic studies that should be conducted are based on how much is
known about the active drug substance, its clinical pharmacokinetics, and its BCS Class. For
example, a new chemical entity requires greater pharmacokinetic characterization than does an
FDA-approved formulation that is undergoing scale-up and postapproval changes (SUPAC)
evaluation.
The latter is seen when an FDA-approved drug product undergoes changes in the
manufacturing of the product after the product has been approved. Such changes are common
and can be caused by expansion in the size of the lots manufactured, new manufacturing
locations, or the introduction of new technology. Necessary in vitro dissolution tests and/or in
vivo BE tests are described in the FDA “Guidance for Industry: Immediate-release Solid Oral
Dosage Forms: Scale-up and Postapproval Changes: Chemistry, Manufacturing, and Controls, In
Vitro Dissolution Testing, and In Vivo Bioequivalence Documentation”
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070636.pdf).
Similar requirements apply to a generic equivalent of an approved immediate-release dosage
form that must be BE to the innovator drug, known as the reference listed drug. The two most
frequently-used methods for meeting bioequivalence requirements are in vivo pharmacokinetic
studies and BCS-based in vitro studies.
Pharmacokinetic Properties: Modified-Release Products
Like the approaches for immediate-release products, the types of pharmacokinetic studies that
should be conducted for modified-release products are based on how much is known about the
drug substance, its pharmacokinetics, biopharmaceutics, and whether pharmacokinetic studies
are intended to be the sole basis for product approval. At a minimum, two studies are required
to characterize the product when no reference modified-release product exists: (1) a singledose crossover study for each strength of a modified-release dosage form and (2) a multipledose, steady-state study using the highest strength of a modified-release dosage form. A food
effects study to evaluate the potential for dose dumping from extended-release dosage forms
also is required as a separate study or is included as an arm of a crossover study. In the
demonstration of interchangeability, a single-dose, fasting crossover study vs the reference
product usually will suffice. In some cases, a food-effects study is required if the reference
product has demonstrated a food effect on BA. Some appropriate single-dose crossover and
multiple-dose steady-state studies are described below.
For modified-release products, intravenous solutions, oral solutions, or well-characterized
immediate-release drug products are possible reference products to evaluate a modified-release
formulation. For example, if the active drug entity exhibits saturable first-pass hepatic
metabolism from the small intestine, a reduction in systemic availability could result after oral
administration if the input rate is decreased. An increase in systemic availability could be
observed if a drug is absorbed from the colon from a delayed-release dosage form that targets
the colon, thus avoiding a first-pass effect.
In some modified-release capsule dosage forms, the strengths differ from each other only in the
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amount of identical beaded material contained in each capsule. In this case, single-dose and
multiple-dose steady-state studies at the highest dosage strength are sufficient. Other
strengths can be characterized on the basis of comparative in vitro dissolution data.
The pharmacokinetic studies described below are needed for most modified-release dosage
forms. These studies may be the basis for characterization of the dosage form. If regulatory
approval is sought without conducting clinical trials, manufacturers should consult with the
regulatory authorities to ensure that an adequate database exists for the approval. The types
of pharmacokinetic studies generally conducted can be categorized as follows.
CASE A
Case A applies to an original modified-release oral dosage form for a drug already marketed in
an immediate-release dosage form and for which extensive pharmacokinetic/pharmacodynamic
data exist.
Single-dose crossover study: A single-dose crossover study should include the following
treatments: the modified-release dosage form administered under fasting conditions; a dosage
form that is rapidly available administered under fasting conditions; and the modified-release
dosage form administered immediately after a high-fat standardized meal. The food effects
study should control the ambient-temperature fluid intake (e.g., 6–8 oz.) at the time of drug
administration. The dosage form should be administered within 5 min after completion of the
meal. Ideally all subjects should consume the meal in approximately 15 min. If there are no
significant differences in the rate or extent of bioavailability (AUC, Cmax, and T max) as a function
of the meal, then additional food effect studies are not necessary. If significant differences in
bioavailability are found, researchers must define how food affects the modified-release dosage
form2 , as well as how the food–drug effect relates to time.
Use the following guidelines in evaluating food effects.
1. If no well-controlled studies have previously defined the effects of a concurrent highfat meal on an immediate-release dosage form, studies should be performed to
determine whether a food effect is a result of problems with the dosage form. Does the
dosage form show food-related changes in release, or are there food effects that are
unrelated to the dosage form, e.g., changes in the drug's absorption from the
gastrointestinal tract or changes in the drug's disposition that are independent of
absorption? The cause of the food effect should be determined by a single-dose
crossover study comparing the solution (or immediate-release dosage form) under fed
and fasting conditions. If there is no food effect, then one concludes that there are
problems with the dosage form. If there is a food effect, then one concludes that the
effect is unrelated to the dosage form.
2. The influence of timing on the food effect should be tested by a four-way crossover
study, in which the modified-release dosage form is administered under the following
treatment conditions: fasting, taken with a high-fat meal, 1 h before a high-fat meal,
and 2 h after a high-fat meal.
3. If the food effect on an immediate-release dosage form is determined to result from
changes in the dissolved drug's absorption from the gastrointestinal tract or from
changes in drug disposition, studies should define the appropriate relationship between
drug dosing and meals.
4. Alternative appropriate studies can be conducted if the applicant labels the drug for
administration with a meal that is not fat loaded. In this case, an alternative meal
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composition should be considered.
5. Analysts should monitor the entire single-dose, modified-release absorption profile.
Where appropriate (e.g., in a multiple-dose study) for specific drugs and drug delivery
systems, blood samples should be taken following breakfast on the second day, before
the second dose is administered. This sampling schedule is particularly important for
once-a-day products.
6. For delayed-release (enteric-coated) dosage forms, analysts should perform BA studies
to characterize food effect and to support the dosing claims stated in the labeling.
The purpose of these studies is twofold: first, to determine whether a need exists for labeling
instructions describing special conditions for administration with respect to meals; and second,
to provide information concerning the pattern of absorption of the modified-release dosage form
compared to that of the immediate-release dosage form. Drug input function should be defined
for modified-release dosage forms. This will aid in the development of an appropriate in vitro
dissolution test. For dosage forms that exhibit high variability, a replicate study design is
recommended.
Multiple-dose, steady-state studies
Study I—When data demonstrating linear pharmacokinetics exist for an immediate-release
dosage form, a steady-state study should be conducted with the modified-release dosage form
at one dose rate (preferably at the high end of the usual dosage regimen) using a comparable
total daily dose of an immediate-release dosage form as a control. At least three trough plasma
drug concentration (Cmin) determinations at the same time of day should be made to
demonstrate that steady-state conditions have been achieved. Plasma drug concentration
determinations, over at least one dosing interval of the modified-release dosage form, should be
made in each phase of the crossover study. It may be preferable (as in the case of rhythmic
variation in absorption or disposition of the drug) to measure concentrations over an entire day
in each phase. The presence or absence of circadian variation should be verified. The modifiedrelease dosage form should produce an AUC that is equivalent to that of the immediate-release
dosage form if the extent of absorption from the modified-release dosage form is comparable to
the immediate-release dose. The degree of fluctuation for the modified-release product should
be the same as, or less than, that for the immediate-release dosage form given by the
approved regimen. Appropriate concentration measurements should include unchanged drug and
major active metabolites. For racemic drug entities, analysts should consider measurement of
the active enantiomers.
Study II—When comparisons of the pharmacokinetic properties of an immediate-release dosage
form at different doses are not available, or when the data demonstrate nonlinearity, steadystate crossover studies comparing effects of the modified-release dosage form and those of
the immediate-release dosage form should be conducted at two different dose rates: one at
the low end of the recommended dosing range and the second at the high end of the dosing
range. In each case, the modified-release dosage form must meet the criteria described in
Study I with respect to AUC and fluctuations in plasma drug concentrations. If there are
significant differences between the modified-release dosage form and the immediate-release
dosage form at either the low or the high dosing rate, these data alone are not adequate to
characterize the product. Data can be misleading when obtained from subjects with atypical
drug disposition or physiologic characteristics relative to the target population. Therefore,
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subject selection should be from an appropriate target population with randomized assignment
to dosage form population. If the modified-release dosage form is for use in a specific
subpopulation (e.g., for children), it should be tested in that population. Whether a drug
exhibits linear or nonlinear pharmacokinetics, the basis for characterization is equivalence of
AUC and of the relative degree of fluctuation of concentrations of the modified-release and
immediate-release dosage forms.
Steady-state studies in selected patient populations or drug interaction studies may also be
necessary, depending on the therapeutic use of the drug and the types of individuals for whom
the modified-release dosage form will be recommended. For drugs that have narrow therapeutic
indices, it may be necessary to perform more extensive plasma concentration measurements to
determine the potential for unusual drug-release patterns in certain subpopulations. In such
studies, researchers should perform more than one AUC measurement per patient to assess
variability with both the modified-release and the immediate-release dosage forms.
CASE B
Case B applies to a non-oral, modified-release dosage form of an already marketed active drug
entity for which extensive pharmacokinetic and pharmacodynamic data exist.
Case A studies (omitting the food effects studies) are appropriate for the evaluation of a
modified-release dosage form designed for a non-oral route of administration if the pattern of
biotransformation to active metabolites is identical for the two routes. If the biotransformation
patterns are different, then clinical efficacy studies should be performed with the modifiedrelease dosage form. In addition, special studies may be necessary to assess specific risk
factors related to the dosage form (e.g., irritation and/or sensitization at the site of application
of a transdermal drug delivery system).
CASE C
Case C applies to an FDA-approved product that has undergone SUPAC. Necessary in vitro
dissolution tests and/or in vivo bioequivalence tests are described in the FDA guidance, SUPACMR: Modified Release Solid Oral Dosage Forms; Scale-Up and Postapproval changes: Chemistry,
Manufacturing, and Controls, In Vitro Dissolution Testing, and In Vivo Bioequivalence
Documentation
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070640.pdf).
CASE D
Case D applies to a generic equivalent of an approved modified-release dosage form, which
should be BE to the reference drug in its rate and extent of drug exposure (i.e., AUC, Cmax,
Cmin, and degree of fluctuation) in crossover single-dose studies. For an oral modified-release
dosage form, the food studies described under Case A also should be performed.
Statistical Analysis of In Vivo Bioequivalence
An appropriate statistical method should be selected. (See Assessment of Drug Product
Performance—Bioavailability, Bioequivalence, and Dissolution

1090 ).
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IN VITRO–IN VIVO CORRELATIONS
The term IVIVC first appeared in the pharmaceutical literature as a result of the awareness of
the importance of bioavailability concepts and in vitro dissolution rate determinations. IVIVC
refers to the establishment of a rational relationship between a biological property, or a
parameter derived from drug plasma concentrations produced by a dosage form, and a
physicochemical property or characteristic of the same dosage form. The biological properties
most commonly used are one or more pharmacokinetic parameters such as Cmax or AUC,
obtained following the administration of the dosage form. The physicochemical property most
commonly used is a dosage form's in vitro dissolution behavior (e.g., percent of drug released
under a given set of conditions). The quantitative relationship between the two properties,
biological and physicochemical, is an IVIVC. The most important use of an IVIVC is for
predictability. In many cases the actual drug plasma concentration profile can be predicted
from in vitro dissolution data.
Historically, IVIVC analysis has been more successful for extended-release products than for
immediate-release products. This difference probably reflects the application of specific data
analysis techniques and interpretations that require dissolution rate–limited drug absorption.
However some correlations with immediate-release products have been demonstrated using
methods that rely on the current, broad availability of computers and nonlinear regression
software, along with new correlation methods.
General Considerations
With the proliferation of modified-release products, it becomes necessary to examine IVIVC in
greater detail. Unlike immediate-release dosage forms, modified-release products, particularly
extended-release dosage forms, cannot be characterized using a single time point dissolution
test. These products are designed to deliver drug so that a patient has a specific plasma level
profile over a prolonged period, usually 12 to 24 h. Analysts require an in vitro means of
ensuring that each batch of the product will perform identically in vivo. An IVIVC satisfies this
requirement. Initially, it was thought that developing a meaningful correlation for immediaterelease dosage forms would be an easier task than for extended-release products. However,
because of the nature of the principles on which each type is based, analysts now believe that
an IVIVC is more readily achieved for modified-release dosage forms.
One expects all extended-release products to be dissolution rate limited. For these products,
the formulation significantly contributes to the prolongation of drug release from the dosage
form. Because of the impact of formulation on BA from an extended-release product, numerous
attempts have been made to correlate one or more pharmacokinetic parameters determined
from in vivo studies with the amount released in a given time during an in vitro dissolution test.
Single-point correlations can indicate that increasing or decreasing the in vitro dissolution rate
of the modified-release dosage form would result in a corresponding directional change in the
product's performance. However, such single-point correlations reveal little about the overall
plasma level curve, which is a major factor for drug performance in the patient. Rather,
correlation methods that utilize all plasma drug concentration data and all in vitro dissolution
data are preferred. Three correlation procedures are available that use all dissolution and
plasma data, along with statistical moment analysis. Each procedure displays important
differences in the quality of the correlation. These methods are discussed in terms of the
advantages of each along with its potential utility as a predictive tool for pharmaceutical
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scientists.
Correlation Levels
Three correlation levels have been defined and categorized in descending order of quality. The
concept of correlation level is based on the ability of the correlation to reflect the entire
plasma drug concentration–time curve that results from administration of the given dosage
form. The relationship of the entire in vitro dissolution curve to the entire plasma
concentration–time profile defines the strength of the correlation and, therefore, the
predictability.
LEVEL A
This level is the highest category of correlation. It represents a point-to-point relationship
between in vitro dissolution and the in vivo input rate (absorption rate of the drug from the
dosage form). For a Level A correlation, a product's in vitro dissolution curve is compared to its
in vivo input curve, i.e., the curve produced by deconvolution of the plasma profile.
Deconvolution can be accomplished using mass balance model-dependent methods, such as the
Wagner–Nelson or Loo–Riegelman methods, or by model-independent, mathematical
deconvolution. In an ideal correlation, the in vitro dissolution and in vivo absorption rate curves
are superimposable or can be made superimposed by the use of a constant offset value of the
time scale. The equations describing each curve are the same. This procedure often is found
with modified-release dosage systems that demonstrate an in vitro release rate that is
essentially independent of the dissolution media and stirring speeds used in a dissolution
apparatus. Superimposition is not an absolute requirement for a Level A correlation. If the
dissolution and absorption curves are different and a mathematical relationship can be
developed to relate the two, the plasma level profile still is predictable from the in vitro
dissolution data. This relationship must be true not only at that single input rate but also over
the entire quality control dissolution range for the product. Furthermore, when the dissolution
rate depends on mixing speed, the two curves can be made to superimpose by either increasing
or decreasing the in vitro mixing speed or some other alteration of the dissolution method.
The advantages of a Level A correlation are as follows.
1. It develops a point-to-point correlation. This is not found with any other correlation
level. It is developed using every plasma level and dissolution point collected at
different time intervals, so it reflects the complete plasma level curve. As a result, in
the case of a Level A correlation an in vitro dissolution curve can serve as a surrogate
for in vivo performance. A change in manufacturing site, method of manufacture, raw
material supplies, minor formulation modifications, and even product strength using the
same formulation can be justified without the need for additional BA-BE studies.
2. A truly meaningful quality control procedure that indicates in vivo performance and is
predictive of a dosage form's performance is defined for the dosage form.
3. The extremes of the in vitro quality control standards can be justified either by
convolution (simulating the plasma level profile from the dissolution curve) or by
deconvolution (using the upper and lower confidence interval limits).
LEVEL B
This correlation uses the principles of statistical moment analysis. The mean in vitro dissolution
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time is compared to either the mean residence time or the mean in vivo dissolution time. As
with a Level A correlation, Level B uses all of the in vitro and in vivo data but is not considered
a point-to-point correlation. It does not correlate the actual in vivo plasma profiles but rather a
parameter that results from statistical moment analysis of a plasma profile component such as
mean residence time. Because a number of different plasma profiles can produce similar mean
residence time values, one cannot rely on a Level B correlation alone to predict a plasma profile
from in vitro dissolution data. In addition, in vitro data from such a correlation cannot be used
to justify values at the extremes of quality control standards.
LEVEL C
This category relates one dissolution time point (t 50%, t 90%, etc.) to one pharmacokinetic
parameter such as AUC, Cmax, or T max. It represents a single-point correlation and does not
reflect the complete shape of the plasma profile, which best defines the performance of
modified-release products. Because this type of correlation is not predictive of actual in vivo
product performance, generally it is useful only as a guide in formulation development or as a
production quality control procedure. Because of its obvious limitations, a Level C correlation
has limited usefulness in predicting in vivo drug performance and is subject to the same
caveats as a Level B correlation in its ability to support product and site changes as well as
justification of the extreme values in quality control standards. The FDA Guidance “ExtendedRelease Solid Oral Dosage Forms—Development, Evaluation, and Application of In Vitro/In Vivo
Correlations”
(www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070239.pdf)
states that manufacturers can obtain biowaivers based on multiple Level C correlations. The
guidance shows how manufacturers can achieve this correlation. The FDA also indicates that if
such a correlation is achievable, it is likely that the development of a Level A correlation is also
feasible.
DEVELOPING A CORRELATION
This chapter does not define the only procedures for developing an IVIVC, and any welldesigned and scientifically valid approach is acceptable. To assist the pharmaceutical scientist,
one possible procedure for developing a Level A correlation is described below:
1. In order to perform deconvolution properly, analysts should be familiar with the
pharmacokinetics of the drug itself as well as when it is incorporated into a modifiedrelease dosage form. For example, if a drug is known to be fully absorbed but
demonstrates saturable first-pass kinetics, it is best to assume 100% bioavailability for
purposes of absorption rate calculation. This is based upon the fact that the drug is
fully absorbed, but because of liver metabolism, one sees less than if the drug were
administered as an immediate-release bolus. If one utilizes the extent of absorption
relative to an immediate-release or solution dosage form, the input profiles will not
superimpose with that calculated assuming 100% absorption. However, point-to-point
correlations most likely will be possible.
2. Different dissolution profiles of a formulation should be obtained as illustrated in Figure
1. The formulation should be modified only sufficiently to produce different dissolution
profiles so that the formulation has the same excipients in all the lots that will be
tested. The formulation modifications used in these batches should be based on factors
that would be expected to influence the product's modified-release rate and could
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occur during normal product manufacture. In vitro drug release is performed on the
batches that will be used in the bioavailability study, and the effect of varying the
dissolution conditions is investigated. Some of the variables that should be studied are
the apparatus (it is preferable to use official dissolution equipment), mixing intensity,
and dissolution medium (i.e., pH value, enzymes, surfactants, osmotic pressure, ionic
strength, etc.). The dissolution behavior of the dosage form need not be studied under
all of the conditions indicated. The number of conditions investigated depends largely on
whether a correlation can be developed with the in vitro results obtained under the
more commonly investigated conditions such as apparatus, agitation intensity, or
dissolution medium and pH value. Each formulation and every drug represents an
individual challenge. The resulting dissolution profiles from the use of different
dissolution media are illustrated in Figures 1 and 2 in which the same formulations were
tested in water and an acid buffer.

Figure 1. Mean dissolution profiles of three modifications of a new modified-release
formulation (USP Apparatus 2, 50 rpm, 0.9 L water, 37 ).

Figure 2. Mean dissolution profiles of a new modified-release formulation (USP Apparatus
2, 50 rpm, 0.9 L, pH 4.5 buffer, 37 ).
3. The plasma level or urinary excretion data obtained in the definitive bioavailability study
of the modified-release dosage form are treated by a deconvolution procedure. The
resulting data may represent the drug input rate of the dosage form. They also
represent in vivo dissolution when the rate-controlling step of the dosage form is its
dissolution rate (i.e., drug absorption after dissolution is considered to be
instantaneous). Any deconvolution procedure (e.g., mass balance or mathematical
deconvolution) will produce acceptable results. Figure 3 illustrates the results of
numerical deconvolution of the plasma profiles obtained for the batches in Figures 1 and
2.
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Figure 3. Mean absorption profiles from numerical deconvolution of plasma
concentration–time plots.
4. The in vitro dissolution curve is then compared to the drug absorption rate curve. This
can be performed by various methods. Simply positioning one curve on the other often
can indicate the existence of a correlation. This may then be quantified by defining the
equation for each curve and comparing the corresponding constants. The simplest way
to demonstrate a correlation is to plot the fraction absorbed in vivo vs. the fraction
released in vitro, as illustrated in Figures 4 and 5. With a Level A correlation, this
relationship is often linear with a slope approaching 1. As illustrated in Figures 4 and 5,
a correlation may be curvilinear. The intercept may or may not be zero depending upon
whether there is a lag time before the system begins to release drug in vivo, or the
absorption rate is not instantaneous, resulting in the presence of some finite quantity of
dissolved but unabsorbed drug. In either case, it is a point-to-point or a Level A
correlation when the least-squares fit of the line approaches a coefficient of
determination, R2, of 1. For the correlations illustrated in Figures 4 and 5, the IVIVC
using the acid buffer dissolution profiles was superior to that obtained from water.

Figure 4. IVIVC attempt: water (using slow and fast formulations).

Figure 5. IVIVC attempt: pH 4.5 buffer.
5. If from the studies indicated in the in vitro dissolution evaluation, given above, the
modified-release dosage form exhibits dissolution behavior that is independent of the
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variables studied and a Level A correlation is demonstrated when the in vitro dissolution
curve is compared to the drug input rate curve, then it is likely that the correlation is
general and can be extrapolated within a reasonable range for that formulation of the
active drug substance. If the dosage form exhibits dissolution behavior that varies with
the in vitro conditions, analysts must determine which set of dissolution conditions best
correlates with in vivo performance. One can then establish whether the correlation is
real or an artifact. This is achieved by preparing at least two formulations that have
significantly different in vitro behavior. One should demonstrate a more rapid release
and the other a slower release than the clinical bioavailability lot (biobatch). A pilot BABE study should be performed with these formulations, and the previously established
correlation should be demonstrated for both. The formulation modifications of these
batches should be based upon formulation factors that would be expected to influence
the product's modified-release mechanism, and modification of these formulation factors
are expected to influence the dosage form's release rate.
6. Alternatively, the in vivo performance of the biobatch formulation can be simulated
based on the correlation developed with these formulations that were used in the BA-BE
study. Analysts then can compare the predicted and experimentally determined values,
the prediction error. The exercise illustrated in Figures 6 and 7 serves as an internal
validation of the Level A correlation. An external validation would involve simulating data
for a formulation batch that was not included in the Level A correlation calculations.
Such a validation was performed using the in vivo data from the medium lot of the
formulation, and the results are illustrated in Figure 8.

Figure 6. Observed and predicted mean plasma profiles: slow formulation.

Figure 7. Observed and predicted mean plasma profiles: fast formulation.
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Figure 8. Observed and predicted mean plasma profiles: medium formulation.
7. Once a Level A correlation is established, in vitro testing can be used to establish
dissolution specifications, biowaivers to facilitate SUPAC, and changes in dosage form
strength for the same formulation. It is questionable whether such an extrapolation with
Level B and C correlations is possible.
Establishment of Dissolution Specification Ranges
It is relatively easy to establish a multipoint dissolution specification for a modified-release
dosage form. The dissolution behavior of the biobatch can be used to define the amount that
will be released at each time point. The difficulty arises in the variation that will be allowed
around each time point. In the case of a Level A correlation, this can be done in two ways,
both of which use IVIVC: convolution and deconvolution.
CONVOLUTION
Reasonable upper and lower dissolution values are selected for each time point established from
the biobatch. Historically, dissolution specifications have been selected by using the average
dissolution of the development batches, with a range of ±2.5–3 standard deviations. It is now
expected that the average dissolution values be approximately the same as those of the
biobatch. The dissolution curves defined by the upper and lower extremes are convoluted to
project the anticipated plasma level curves that would result from administration of these
formulations to the same patients to whom the biobatch was administered. If the resulting
plasma level data fall within the 95% confidence intervals obtained in the definitive BA-BE
study, these ranges can be considered acceptable. An alternative acceptance approach that
can be used after the therapeutic window for a drug has been defined, is to establish whether
the upper and lower limits of the convolution results fall within the therapeutic window, even if
they fall outside the confidence interval. If they fall outside the window, a more limited range
must be established. This procedure should be continued until the predicted values meet the
desired ranges.
DECONVOLUTION
An acceptable set of plasma-level data is established both for a batch of material
demonstrating a more rapid release and for one demonstrating a slower release than that of the
biobatch. These can be selected by using the extremes of the 95% confidence intervals or ±1
standard deviation of the mean plasma level. These curves are then deconvoluted, and the
resulting input rate curve is used to establish the upper and lower dissolution specifications at
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each time point. In the case of Level B and C correlations, batches of product must be made at
the proposed upper and lower limits of the dissolution range, and it must be demonstrated that
these batches are acceptable by a BA-BE study.
Immediate-Release Dosage Forms
GENERAL CONSIDERATIONS
Because the mechanisms for drug release from modified-release dosage forms are more complex
and variable than those associated with immediate-release dosage forms, one would anticipate
that an IVIVC would be easier to develop with the latter formulations. Unfortunately, most of
the correlation efforts to date with immediate-release dosage forms have been based on the
correlation Level C approach, although there also have been efforts employing statistical
moment theory (Level B). Although it is conceivable that the same Level A correlation approach
can be used with immediate-release dosage forms, until data have been gathered to support
this concept, Level B and Level C are the best approaches that can be recommended with
these dosage forms.
2S (USP35)

1 Equilibration time is a measure of the time-dependent discontinuity between measured plasma
concentrations and measured effects. The discontinuity is more often characterized by the degree of hysteresis
observed when the effect-concentration plot for increasing concentrations is compared with that for decreasing
concentrations. Where the equilibration time is very short (i.e., rapid equilibration with no active metabolites
generated), there will be little or no hysteresis. That is, the same effect will be observed for a given
concentration independent of the interval between the time of dosing and the time that measurements are
made.
2 Wagner–Nelson, Loo–Riegelman, and other deconvolution methods are found in textbooks on
biopharmaceutics.
3 The batch that was used in the pivotal bioavailability study.
1 Equilibration time is a measure of the time-dependent discontinuity between measured plasma
concentrations and measured effects. The discontinuity is more often characterized by the degree of hysteresis
observed when the effect-concentration plot for increasing concentrations is compared with that for decreasing
concentrations. Where the equilibration time is very short (i.e., rapid equilibration with no active metabolites
generated), there will be little or no hysteresis. That is, the same effect will be observed for a given
concentration independent of the interval between the time of dosing and the time that measurements are
made.
2 Wagner–Nelson, Loo–Riegelman, and other deconvolution methods are found in textbooks on
biopharmaceutics.
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IMMUNOLOGICAL TEST METHODS—ENZYME-LINKED IMMUNOSORBENT ASSAY
(ELISA)
INTRODUCTION

Immunological Test Methods (ITM) utilize binding between an antigen (Ag) and antibody (Ab).
(See Appendix 1 for a complete list of acronyms used in this chapter.) Enzyme-linked
immunosorbent assay (ELISA) is one of the most widely used ITM for characterization, release,
and stability testing of biotechnology products to help ensure the quality of biological drug
substances and drug products. The term ELISA is used here in a broader sense and includes
enzyme immunoassays (EIA), as well as alternative detection methods, e.g.,
chemiluminescence and fluorescence.
This chapter provides analysts with general information about principles, procedures,
experimental configurations, assay development, and validation for solid-phase ITM like ELISA
and can be used for the other immunoassay variations mentioned above. The chapter also
covers reference standard(s) and control(s) used for immunoassays. The information can be
adapted to the specific procedures of a monograph. This chapter does not cover immunoassays
for the measurement of immune responses to product in animals or humans (e.g, serological or
cellular assays), non-immunoassays (e.g, receptor-ligand interactions), or other related
approaches.
The chapter is part of a group of general information chapters for immunological test methods
[Immunological Test Methods—General Considerations

1102

(proposed), Western Blotting

1104 (planned), and Immunological Test Methods—Surface Plasmon Resonance 1105
(proposed), and also is related to the proposed general information chapters for bioassays
(Design and Development of Biological Assays
and Analysis of Biological Assays

1032 , Validation of Biological Assays

1033 ,

1034 ].
Definition

ELISA can be defined as a qualitative or quantitative solid-phase immunological method to
measure an analyte following its binding to an immunosorbent surface and its subsequent
detection by the use of enzymatic hydrolysis of a reporter substrate, either directly (as with an
analyte that has enzymatic properties) or indirectly (by means of an enzyme-linked antibody
that binds to the immunosorbed analyte). Qualitative results provide a simple positive or
negative result for a sample. Converting quantitative to qualitative results based on a cutoff
value that separates positive and negative results is common practice. Because the
performance properties of the assay depend heavily on the cutoff value, the process used to
determine the cutoff should be evidence-based and well documented. Quantitative assays
estimate the quantity of the analyte based on the interpolation of a standard calibration curve
with known analyte concentration, run simultaneously in the same assay. This standard should
be an appropriate, preferably homologous, reference material that is representative of the
analyte(s) of interest. The power of immunoassays has been demonstrated by the variety of
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procedures that have evolved, including alternative solid surfaces such as beads of different
sorts, various plastics in plates of different configurations, and alternative detection methods,
e.g., chemiluminescence and fluorescence. ELISA assays are widely used in the
biopharmaceutical industry for various applications such as identity, purity, potency, detection
or quantitation of antibody or antigen, and other purposes.
Basic Principles
The essential steps of an ELISA can be broken down as follows (see Figure 1):

Figure 1. Essential steps for performing an ELISA.1
1. Binding of the capture reagent (generally an antibody or antigen), which functions as an
immunosorbent for capture of the analyte, to a solid surface;
2. Removal of excess, unbound capture reagent followed by blocking of unoccupied binding
sites with a blocking protein such as albumin, gelatin, casein, or other suitable material;
3a. Incubation of the analyte (in the test sample or reference standard) with the capture
reagent to bind the analyte onto the solid surface, followed by the washing away of unbound
material in the test sample and detection of the analyte. Direct detection occurs when the
analyte has enzymatic activity or has been linked to a detector molecule (e.g., enzyme); or
3b. Incubation of the analyte (in the test sample or reference standard) with the capture
reagent to bind the analyte onto the solid surface, followed by the washing away of unbound
material in the test sample and subsequent detection of the analyte (Figure 1, step 3a).
Indirect detection occurs when the analyte is detected by the addition of a secondary
enzyme-labeled reagent (Figure 1, step 3b); and
4. Quantification of the analyte by addition of a substrate suitable for the detector used
(e.g., TMB, 3,3¢,5,5¢-tetramethylbenzidine), followed by comparison of the test sample to the
reference standard.
ASSAY DESIGN
Five general categories of ELISA are described in Table 1 and in the sections that follow. The
assay designs are flexible and, depending on specific needs, can be modified from these
procedures. The choice of format depends primarily on the amounts and purity of reagents and
equipment available. On some occasions the analyte being characterized actually is an
antibody, as in the case of a monoclonal antibody that is being developed as a drug. In this
case, anti-idiotypic or other antibodies specific for the antibody are used to develop the
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assays.
Table 1. Representative ELISA Types
ELISA
Required
Attributes
Disadvantages
Type
Reagents
Direct
-Capture analytea
-Rapid because only one -May modify the conformation
detection -Labeled primary
antibody is used
of the analyte
-Not commonly used
antibody specific for -Uses less reagent
-Analyte is immobilized
-Poor sensitivity
antigen
Indirect
-Capture analytea
-Versatile because a
-Longer because of more
detection -Primary antibody
variety of primary
incubation and washing steps
antibodies can be used
specific for antigen
with the same secondary
-Labeled secondary
detector antibody that detector
-Improved sensitivity
binds to the primary
because of signal
antibody
amplification
-Analyte is immobilized
a
Competitive -Analyte can be used -Good for assessing
-Difficult to adapt to
as a capture reagent antigenic cross-reactivity quantitative formats
or can be labeled with -Appropriate for smaller
proteins with single
a detection label
-Antibody specific for epitopes
analyte can be used -Requires only a single
for capture or labeled antibody
-Analyte in solution
for detection
competes for binding to
-Labeled secondary
antibodies to bind to primary antibody
primary antibody if an
indirect format is used
Sandwich -Primary capture
-Improved sensitivity
-Requires relatively large
antibody specific for -Good for quantitative
amounts of pure or semipure
analyte
assays for larger multispecific antibody
-Sample solution
epitope molecules
-Not suited for smaller proteins
containing analytea
-Analyte measured in
that may have only a single
solution
epitope
-A different primary
enzyme-antibody
conjugate specific for
analyte
Bridging
-Capture primary
-Requires only a single
-Requires the analyte to have
antibody specific for antibody specific for the at least 2 identical epitopes
analytea
analyte
available for binding to the
-Good for quantitative
capture and detector antibody
-Sample solution
assays
containing analyte
-Analyte measured in
-Enzyme conjugate
solution
prepared from the
same primary antibody
a This reagent can be either purified or partially purified. The terms “analyte” and “antigen”
are used interchangeably when describing ELISAs.
Direct ELISA
Directly Labeled Antibody: In this assay an antigen is coated onto a solid surface and is
blocked (Figure 2A). Then a solution containing a specific antibody labeled with a detector is
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added. After incubation, the unbound antibody is washed away, followed by the addition of an
appropriate substrate for the detector used.

Figure 2. Schematic representations of direct, indirect, competitive, sandwich, and bridging
ELISAs.2 (Ab = antibody; Ag = antigen (or analyte); Preincub = preincubation)
Directly Labeled Antigen: This assay is similar to that using a directly labeled antibody except
that the antibody is coated onto the solid surface and a labeled antigen is used as the
detector.
Indirect ELISA
In this assay an antigen is coated onto a solid surface and then, after blocking, a solution
containing a specific antibody is added (Figure 2B). After incubation, the unbound antibody is
washed away, followed by the addition of an anti-immunoglobulin (anti-Ig) detector antibody.
Anti-Ig detectors are available commercially for specific Ig classes and subclasses from a
variety of species, which makes this assay format useful for isotyping of antibodies. In addition,
the use of a labeled anti-Ig detector amplifies the signal compared to a Direct ELISA, thereby
increasing assay sensitivity.
Competitive ELISAs
Direct Antibody Competitive ELISA: This assay is used to detect or quantitate soluble
antigens (Figure 2C). It requires an antigen-specific antibody that has been conjugated to an
appropriate detector, e.g., horseradish peroxidase, alkaline phosphatase, ruthenium, or
fluorescein. It also requires a purified or partially purified antigen for coating. The antigen is
coated onto a solid surface, followed by a blocking step. The antibody–conjugate is incubated
with the test solution containing soluble antigen. The mixture is then added to the immobilized
antigen, incubated, and unbound antigen-antibody complex is washed away. Substrate is
added, and the inhibition of the reaction (e.g., colorimetric, electrochemiluminescence,
fluorescence, or chemiluminescence) is measured relative to the reaction when no competitor
antigen is added. The amount of inhibition is inversely proportional to the amount of antigen in
the test sample.
Direct Antigen Competitive ELISA: This assay is similar to the Direct Antibody Competitive
ELISA, except that it is used to detect soluble antibodies, and the antigen is conjugated to the
detector but the antibody is coated onto the solid surface.
Indirect Antibody Competitive ELISA: This assay is similar to the Direct Antibody
Competitive ELISA, except that instead of directly labeling the antibody, the test uses a
labeled anti-Ig reagent for detection.
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Indirect Antigen Competitive ELISA: This assay is similar to the Direct Antigen Competitive
ELISA, except that instead of directly labeling the antigen, the test uses a labeled antibody for
detection that specifically binds to the antigen.
Sandwich ELISA
Direct Sandwich ELISA: In this assay an antibody is immobilized onto a solid surface and
blocked, and then a solution containing a specific antigen is added (Figure 2D). After an
incubation step, the unbound material is washed away, and a labeled detector antibody is
added. This assay format requires two antibodies, each of which reacts to different epitopes on
the surface of the large and complex molecule. The two antibodies are specific for the antigen,
and the antigen should be sufficiently large and complex to accommodate the binding of two
antibodies.
Indirect Sandwich ELISA: Alternatively, instead of directly labeling the detector antibody, an
anti-Ig antibody detector can be used. Indirect sandwich immunoassay formats can be
considered only if each binding reagent is from a unique species (e.g., a sandwich assay using
two mouse monoclonal antibodies for capture and detector could not be detected indirectly
because the signal could occur independent of the antigen).
Bridging ELISA
The bridging ELISA assay is similar to the Sandwich ELISA, except that a single antibody is used
for both capture and detection (Figure 2E). If a monoclonal antibody is used, it requires that
the target antigen have at least two identical epitopes that are adequately spaced to prevent
steric hindrance so that one epitope binds to the capture antibody and the other epitope binds
to the detector antibody. Alternatively, a polyclonal antibody can be used but still requires that
the target antigen be large enough to accommodate the binding of two antibody molecules.
With respect to specificity and sensitivity, bridging assays usually are suitable for most large
molecules.
CHOICE OF ASSAY
Deciding which ELISA procedure or format to use often depends on individual choice and
availability of reagents, instruments, and other equipment. For example, sometimes a laboratory
repeatedly engineers a particular epitope into multiple fusion proteins. In this case, the
laboratory can use certain common qualified reagents (e.g, an antibody to a glutathione Stransferase region in multiple fusion proteins), facilitating rapid sandwich immunoassay
development. Small antigens with a limited number of epitopes available for antibody binding
restrict ELISA format choices. If there is only one binding epitope, then ELISA methods that
use the sandwich/two-site binding or other bridging formats cannot be used because they
require at least two available epitopes for antibody binding. Examples of such small molecules
are some peptides, oligosaccharides, nucleotides, and antibacterials. Analysts usually adopt a
competitive assay format for such small analytes.
Different assays and formats may show different properties and characteristics, e.g.,
specificity, precision, accuracy, sensitivity, dynamic range, dose-response ratio, sample
throughput, sensitivity to interference, and capacity for automation. Ease of validation also
may vary between different assay protocols and formats. Assay designs with replicates in
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adjacent wells will be biased if there are location effects; hence, in general, replicates should
not be in adjacent wells. Assay designs that are convenient to perform on 96-well plates, using
relatively few single-channel pipet actions and more multi-channel pipet actions, are usually
easier to adapt to automation. Assays with steep dose-response curves are generally better
able to deliver high precision estimates, but when these assays have a very steep slope and
even moderate variation in the EC50 associated with plates, days, or analysts, a wide dose
range is needed, typically requiring spacing between doses large enough that the precision of
the assay deteriorates.
PROCEDURES
Solid Phase
Solid phases are available in a variety of forms (e.g, membrane, plate, or bead) and chemistries
(e.g, nylon, nitrocellulose, polyvinylidine fluoride (PVDF), polyvinyl, polystyrene, or a chemically
derivatized surface). The selection of the solid phase determines the most likely binding
mechanism, i.e., hydrophobic, hydrophilic, or covalent interactions. In general, compared to
plates, beads offer higher capacity and are more commonly used in clinical assays whereas
plates are more commonly used to test biotechnology products. Additional information on plates
is provided below.
Coating the Solid Phase—Immobilization of Capture Reagent: Capture reagents are coated
onto a solid phase by adding a solution carrying the capture reagent to the surface. The most
commonly used solid-phase materials for capture reagent immobilization are plastic 96-well
microtiter plates. Those with flat-bottom wells are recommended for spectrophotometric
readings, and round-bottom well plates are useful for visual assessment of a dye’s color
development. The degree of coating is influenced by the concentration of capture reagent,
temperature during coating, duration of capture reagent adsorption, the surface properties of
the solid-phase material, and the nature of the buffer of the capture reagent solution. Although
the optimum coating concentration must be determined for each capture reagent,
concentrations of 1–10 µg/mL are most commonly used. The volume of capture reagent added
to each well usually corresponds to the sample volume that will be analyzed, i.e., 50–100 µL.
Coating duration, temperature, and buffers are discussed separately below. During the coating
procedure analysts should avoid introducing bubbles. Proteins that bind to plastic can be
denatured, which alters antigenicity. In such cases, a capture antibody or an intermediary
protein such as Protein A or Protein G can be used. In addition, streptavidin can be used if the
reagent is biotinylated. The pH of the coating buffer should be optimized based on the
isoelectric point of the capture reagent and the surface properties of the assay plate chosen.
Microtiter Plates: The composition and commercial source of the microtiter plate can influence
binding of the capture reagent during coating. Several microtiter plates from different suppliers
should be compared using a single coating procedure to select those that provide high
specificity for the capture reagent of interest and low nonspecific background. Comparisons of
different grades of plates from a single supplier also may be needed. Clear plates typically are
used for colorimetric ELISA, and opaque plates often are used for chemiluminescent and
fluorometric ELISA. Acidic capture reagents may require a lower pH solution to neutralize
repulsive forces between the protein and solid phase. Peptides often require optimization of
buffer pH based on their charge for optimal coating conditions during assay development.
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Polysaccharides, lipopolysaccharides, or glycoproteins may be difficult to coat directly to the
plate and may require a capture antibody or a buffer that contains lysine or glutaraldehyde.
Coating with an antibody can be enhanced by precoating the microtiter plate with Protein A or
Protein G or a combination of the two, which allows binding to the Fc region so that the Fab
portion can bind to the analyte of interest. However, care must be taken to ensure that
subsequent secondary antibodies do not react with the Protein A- or Protein G-coated wells.
Microtiter plate formats other than the 96-well variety, such as half volume 96-well or 384-well
plates, can be used to increase throughput and/or conserve reagents. Labor-saving equipment
such as automatic pipets, automatic liquid handlers, plate washers, and robotic pipets also can
be used to improve precision, reduce analyst-to-analyst variability, and increase throughput.
Coating Time: Coating time depends on binding kinetics, stability, concentration of capture
reagent, and incubation temperature. Although different combinations of coating times and
temperatures often result in the same coating efficiency, the stability of the capture reagent
(which should be determined during method development) influences which conditions to select.
Analysts must assess the impact of varying the coating time in order to determine the
robustness of the assay procedure.
Coating Temperature: Coating temperature and time are closely related assay parameters.
The coating temperature depends on the binding kinetics and stability of the antigen. Higher
temperatures can increase the rate of adsorption and may shorten the coating time, but they
are likely to affect interaction sites and to reduce antigen-antibody affinity. Typical
combinations of time and temperature are 2–4 h at ambient temperature, 2 h at 37 , or
overnight at 4 . Analysts should determine the effects of variations in temperature in order to
assess the robustness of the assay procedure.
Buffers: Buffers used for diluents, coating, blocking, and washing plates can affect overall
assay performance. Buffer components can interact with the test sample and inhibit binding.
They also can cause low antigen sensitivity or high nonspecific background activity.
Diluent—Buffers (e.g., phosphate-buffered saline (PBS) or imidazole-buffered saline) with
polysorbate 20 (0.01%–0.1%) are used commonly for different ELISA steps as a diluent and
washing buffer.
Coating Buffers—Coating buffers should maximize assay consistency and promote binding of the
capture reagent to the solid phase. Commonly used coating buffers include 50 mM carbonate,
pH 9.6; 20 mM Tris-HCl, pH 8.5; and 10 mM PBS, pH 7.2. The choice of coating buffer depends
on the nature of the individual antigens and should be determined empirically.
Blocking Agents and Buffers—A blocking agent is a compound (e.g., protein or detergent) that
should saturate the remaining immunosorbent binding sites following capture reagent (antibody
or antigen) binding. This reduces nonspecific binding of analyte and nonanalyte components to
the immunosorbent matrix and/or the absorbed reagent. Nonspecific binding occurs when
protein in the test sample binds to the plastic of the microtiter plate or absorbed reagent
instead of specifically binding to the capture reagent of interest. Nonspecific binding can be
reduced by adding blocking reagent to the wells and by the addition of another protein such as
bovine serum albumin (BSA) to the dilution buffer. The choice of blocking agent should be
governed by the nature of the capture reagent, plate, coating buffer, test sample diluent, and
related factors. If any of these parameters changes, a change in blocking agent may be
needed. Commonly used blocking agents include BSA, nonfat milk, gelatin, casein, normal horse
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serum, fetal calf serum, polysorbate 20, and others. Several grades of BSA are available
commercially, and the optimal grade should be determined for each assay. In addition, many
commercial blocking and assay diluent reagents are available for ITMs.
Adding Samples and Reagents
Samples and reagents generally are pipetted into the ELISA plate wells. Care should be taken
to avoid cross-contamination, frothing, or bubbles.
Pipets: Single, multichannel, and robotic pipets with set or fixed volumes are available. The
type and accuracy of pipets should be evaluated for each application. Regular maintenance and
professional calibration of pipets should be performed and documented.
Pipet Tips: A variety of pipet tips are available, some of which are specific to the type of
pipet. The type and accuracy of the pipet tip, particularly related to the viscosity and
nonspecific binding of the materials, should be evaluated for each application.
Washing
Wash steps are included throughout the ELISA procedure to remove the unbound coating
antigen, sample, and detection reagents. Washing is critical for assay performance, can be a
source of assay failure, and is important to evaluate during method development. Multiple
approaches can be used for washing. Manual procedures include using a squeeze bottle, dipping
the microtiter plate in wash buffer, and adding wash buffer with a multichannel pipet or handheld multi-channel (8- or 12-pin) manifolds. Analysts should wash carefully to avoid cross-well
contamination. Automatic microplate washers generally provide more washing consistency.
Strip-well and multiwell washers are available. Most automatic washers can be programmed for
different dispensing volumes and speeds, number of washes, speed of buffer aspiration, and
amount of residual buffer left in the well. Incorrectly programmed or maintained as well as
incompletely cleaned automatic washers can cause assay variation and elevated assay
background.
Incubation
ELISAs are incubated following the addition of samples and reagents. The optimal time,
conditions, and temperature of each incubation step should be determined during method
development. Incubation times vary from minutes to overnight. Commonly used incubation
temperatures are ambient temperature, 4 , and 37 . ELISA plates commonly are sealed or
placed in a secondary container to avoid evaporation or contamination during incubation.
Atmospheric conditions such as dry or humidified incubation should be evaluated during method
development. Rocking, shaking, or rotating the microtiter plates may be necessary or desirable
depending on the kinetics of binding.
Blocking Conditions and Nonspecific Reactions
After immobilization and removal of the unbound antigen or antibody, unoccupied binding sites
are blocked to ensure that the measured analyte in the test article or subsequent (detection)
reagents does not bind nonspecifically to the solid surface or to the coated antigen or
antibody. If nonspecific binding occurs, any reported signal could bias the measurement and
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may reduce the sensitivity and dynamic range of the assay. Blocking is critical to ensure the
sensitivity and/or specificity of the assay. Sources of nonspecific binding fall into two general
categories:
1. Ionic or hydrophobic interactions occur when binding is mediated by nonspecific ionic or
hydrophobic interactions between assay reagents and the solid surface or another
assay reagent.
2. Immunological interactions occur when binding is mediated by unintended antigenantibody interactions. This occurs when antibody preparations used in the assay
interact with other assay reagents. For example, if an ELISA was designed to test a
serum-derived analyte using a murine capture antibody, antibodies in the test article
with reactivity to murine Ig (also known as heterophilic antibodies) could be
nonspecifically detected in the assay.
Although there is no universal blocking reagent, in general, the major types include detergents
(usually nonionic, e.g., polysorbate 20) and proteins (e.g., albumin, gelatin, casein, serum, or
dry milk). The choice of blocking agent is determined empirically, and the balance between the
reduction in nonspecific binding and the impact on assay sensitivity should be assessed during
method development. The volume of blocking solution added to the well should be greater than
the maximum reaction volume used for later steps so that all of the potential surface area that
may interfere with the binding reaction is blocked.
In addition, Ig in the test materials can be removed by using buffers that inhibit antibody
conformation or aggregate the heterophilic antibodies, by blocking with nonimmune serum, or by
removing Fc regions in critical antibody reagents, thereby reducing or eliminating undesired
immunological interactions that cannot be addressed by the blocking reagents described above.
Negative control wells can be included to monitor nonspecific reactions. The nature of the
negative control wells depends on the assay but can include blocked wells without coating
antigen, eliminating the primary or secondary antibody, or using buffer in place of sample.
Control wells also can be useful as part of system suitability testing.
Pretreatment of Samples
Although ELISA assays are designed to measure an analyte in complex mixtures, the presence
of other materials can prove problematic if they interfere with analyte detection. In order to
ensure assay specificity, the specific procedure to treat samples to remove nonspecific
interfering substances (e.g., reducing agents or precipitates) can be determined empirically
during method development and then can be incorporated into the validated assay. Any
sample-processing step should be evaluated against the potential that the treatment will alter
the test article’s properties and/or introduce further variability that results in biased
measurements. Samples, standards, and controls should be prepared and handled in processes
as similar to each other as possible. Analysts should verify that sample pretreatments have not
damaged the sample so much that it can no longer be measured.
Detector Antibodies
Depending on ELISA format, detector antibodies labeled with enzyme or other labels can be
used as primary or secondary reagents to enable detection of the immobilized analyte. In a
direct or competitive ELISA (Figure 2A and Figure 2C), after the analyte is bound to the
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immunosorbent surface, excess analyte is washed away and the immobilized analyte is
detected using a detector antibody that is considered to be the primary antibody. In other
ELISA formats (Figure 2B, 2D, and 2E), the analyte-specific Ig (nonconjugated primary
antibody) is allowed to bind to the immobilized analyte, and any excess antibody is washed
away before the addition of a detector antibody, which is termed the secondary antibody.
To facilitate detection, in all ELISA formats that use enzyme-conjugated antibodies, a
substrate specific for the conjugated enzyme is introduced into the assay system. An
enzymatic reaction ensues, converting a substrate into a soluble product that can be measured
using appropriate wavelengths and a suitable reader.
ELISA sensitivity depends on the quality of the reagents and the detection system, including
the label and substrate. If multiple differently conjugated antibodies are available, analysts
should select one appropriate for the assay. During this evaluation, the dilution of each
conjugate that yields desirable sensitivity and specificity should be determined using
appropriate controls.
The most commonly used labeling enzymes for conjugating to antibodies include alkaline
phosphatase (AP), horseradish peroxidase (HRP), and galactosidase. These enzymes are highly
specific, sensitive, and stable in catalyzing chromogenic, luminescent, or fluorescent reactions.
para-Nitrophenyl phosphate (pNPP) is a commonly used substrate for AP. Commonly used
substrates for HRP include TMB, OPD (o-phenylenediamine dihydrochloride), and ABTS [2,2¢azino-bis(3-ethyl-benzothiazoline-6-sulfonic acid) diammonium salt] (see Table 2). The
substrates for AP and HRP are chromogenic and result in the formation of a colorimetric product
that can be measured using a spectrophotometer. Chemiluminescent and fluorescent substrates
for AP and HRP also are available, and in many cases they are available as commercial kits.
Disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2¢-(5¢-chloro)tricyclo[3.3.1.13,7]decan}-4yl)phenyl phosphate (CSPD) is a known chemiluminescent substrate for AP (see Table 2). Wellknown fluorescent substrates for galactosidase include MG (4-methylumbelliferyl galactoside)
and NG (nitrophenyl galactoside). If a chemiluminescent substrate is used, then a luminometer
is required to quantitate the formed product. A fluorometer is needed if a fluorescent substrate
is used in the ELISA.
Table 2 also provides a summary of the advantages and disadvantages of different types of
ELISA substrates. Colorimetric substrates have been prevalent since the origin of ELISAs and
may yield robust assays that generally are more cost efficient than assays that use
chemiluminescent and fluorescent substrates. Nevertheless, chemiluminescent and fluorescent
ELISA methods may yield more rapid and sensitive assays with a wider dynamic range than
assays that use a colorimetric readout. The final choice of readout should be governed by the
assay’s purpose and the requirements of the assay (i.e., the reader's linear range should be at
least as wide as the range of responses).
Table 2. Enzyme Conjugates and Substrates
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Colorimetric

Chemiluminescent

Fluorescent
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Principle of
the
Enzymatic
Reaction
Produces a
colored
product that
yields
absorbance
values
directly
proportional
to analyte
concentration
Produces a
light
emission that
is directly
proportional
to analyte
concentration
Produces
excitationinduced light
emission that
is directly
proportional
to analyte
concentration

Enzyme
A P, HRP

Substrate
pNPP
TMB
O PD
A BTS

Reader
Spectrophotometer

Advantages
-Robust
-Economical
-Reagent
availability

Disadvantages
-Time
consuming
-Less
sensitive

AP

CSPD

Luminometer

-Requires
special plates
-Costly

Galactosidase

MG
NG

Fluorometer

-Wide assay
dynamic range
-Lower coating
concentrations
-More
sensitive
-Rapid signal
generation
-Rapid
-Sensitive

-Requires
special plates
-Costly
-Interference
by excipients

ASSAY DEVELOPMENT AND VALIDATION PLAN
Critical Reagent Development
Key considerations for critical reagents are source, purity, specificity, and stability. ITMs for
quality measurements use reference standards along with critical reagents for analyte capture
and detection.
Source: The availability and quality of the starting material should be controlled so that
manufacturing of the (purified) reagent can be reproducibly and consistently performed,
potentially over several decades. Because critical reagents are biological molecules, sources
can range from chemical synthesis (e.g., peptides) to complex biological matrices (e.g.,
antibodies prepared from serum, monoclonal antibody from ascites/cell culture, or
fermentation/cell culture products). When appropriate for the intended use of the assay, a
single lot of a critical reagent can be manufactured to establish a substantial supply and to
postpone lot-to-lot variability. In other instances it may be appropriate to include in the
validation multiple lots or multiple suppliers in order to demonstrate that the assay is sufficiently
robust for its intended use.
Purity: In general, the purity of critical reagents should be assessed to ensure the removal of
impurities and manufacturing process residuals that can influence reagent performance and/or
stability.
Specificity: The specificity of a critical reagent refers to its ability to capture or detect only
the analyte of interest. The reagent should be specific to the analyte and should show little
nonspecific binding or no cross-binding to off-target molecules in complex test materials.
Stability: The stability of critical reagents should be empirically determined to ensure assay
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performance over time (issues include accuracy, precision, reproducibility, and assay drift).
Long-term (months to years) stability of critical reagents under required storage conditions
(e.g., with defined temperatures and containers) should be determined so that appropriate
expiry dating can be assigned. Short-term (minutes to days) stability (and freeze/thaw and
room temperature stability for frozen critical reagents) also is required to ensure day-to-day
assay accuracy, precision, and reproducibility.
Feasibility/Pilot Studies
The steps of the process by which an ELISA method is developed, validated, and used in
routine sample analysis are described below:
Generate or purchase critical reagents to measure the analyte
Understand the performance goals for the assay system
Develop the assay to the point that there is a detectable concentration response curve
Perform method development/robustness testing
Establish assay procedures, assay and sample acceptance criteria, and instrumentation
Determine method performance
Prepare the reference/calibration standard preparation and assess stability
Validate the assay
Implement the method (technology transfer) in the testing laboratory, including training
and qualification of analysts
Monitor assay performance
During assay development, the critical parameters and reagents that are required for the assay
should be assessed and set at levels that yield desired assay performance. In many instances
several parameters may be evaluated, and well-designed experiments can accelerate assay
development, particularly for assessing the potential interaction of several inputs.
Many ELISA procedures are product specific, and external reference/calibration standards may
not be available. The preparation and stability of reference/calibration standards should be
considered early in assay development.
Assay Validation
Assay validation is executed according to guidances from appropriate regulatory bodies (e.g.,
ICH Q2) to demonstrate that the particular test used for an analyte is appropriate for its
intended use. More information about assay validation can be found in the general information
chapter Validation of Compendial Procedures
Validation of Biological Assays 1033
Appendix 2 for additional information.

1225

or in general information chapter

if the ELISA is used as a surrogate potency assay. See

DATA ANALYSIS
The analysis of ELISA data can be simple (e.g., a linear calibration with inverse regression) or
complex (e.g., a nonlinear calibration curve with inverse regression). The type and rigor of data
analysis depend largely on the assay system and the intended uses of the assay. For example,
data reduction may estimate a concentration (e.g., ng/mL) of an unknown sample using a
calibration curve. Other approaches include estimation of the half-maximal inhibitory
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concentration (IC50 ) or effective concentration (EC50 ), estimation of the amount of a sample
that yields the same response as the EC50 (or IC50 ) on a standard curve, and an estimate of
the relative activity of a test sample compared to a reference/calibration standard. More
extensive guidance about statistical methods for potency analysis are given in general
information chapters Design and Development of Biological Assays

1032

and Analysis of

Biological Assays 1034 .
In general, ELISA assay curves are characterized by a nonlinear relationship between the
concentration of the analyte of interest and the calculated mean response. Typically, this
response curve is defined by a sigmoidal relationship of response to concentration. A wide
range of mathematical models can fit standard/calibration curves, and analysts should take
care in the selection of an appropriate curve-fitting algorithm. In other cases, ELISA assays are
used for qualitative purposes to determine whether a sample is positive or negative based on a
sensitivity threshold.
Basic Statistical Analysis
Basic statistical methods are not detailed here. General information chapter Analytical Data—
Interpretation and Treatment 1010 addresses important fundamentals, including data
handling; computation of means, standard deviations, and standard errors; detection of and
methods to address nonconstant or nonnormal variation; detection of and management of
outliers; and procedures for and interpretation of statistical tests and confidence intervals. The
concepts behind validation, goals, designs, analysis, and practical methods for validation are
described in general information chapters Analytical Data—Interpretation and Treatment
, Validation of Compendial Procedures

1225 , and Biological Assay Validation

General test chapter Design and Analysis of Biological Assays
combining results from independent assays.

111

1010

1033 .

contains guidance on

Nonlinear Statistical Analysis
Nonlinear calibration for immunoassays draws on many sources for statistical design and
analysis. These include methods for assessing and addressing nonconstant variance, designs
and analysis methods for experiments with complex structures, and validation. The concepts
behind linear calibration design, analysis, and inverse regression apply in nonlinear calibration,
and professional statisticians can help apply these appropriately.
Reporting Results
Reported estimates of concentration should be understood as having an associated confidence
interval based on the results of the validation. The reported value or estimate used to describe
a sample can be based on a combined result from multiple assays.
APPENDIX 1
Abbreviations
Ab—Antibody
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Ag—Antigen
ABTS—2,2¢-Azino-bis[3-ethyl-benzothiazoline-6-sulfonic acid]diammonium salt
Anti-Ig—anti-immunoglobulin
AP—Alkaline phosphatase
BSA—Bovine serum albumin
CSPD—Disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2¢-(5¢-chloro)tricyclo[3.3.1.13,7]decan}4-yl)phenyl phosphate
EIA—Enzyme immunoassay
ELISA—Enzyme-linked immunosorbent assay
HRP—Horseradish peroxidase
Ig—Immunoglobulin
ITM—Immunological test methods
MG—4-Methylumbelliferyl galactoside
NG—Nitrophenyl galactoside
OPD—o-Phenylenediamine dihydrochloride
PBS—Phosphate-buffered saline
PVDF—Polyvinylidene fluoride
pNPP—para-Nitrophenyl phosphate
TMB—3,3¢,5,5¢-Tetramethylbenzidine
APPENDIX 2
Additional Sources of Information about Specific Topics in Validation and Data Analysis
Analytical Data—
Design and
Validation of
Biological
Interpretation and
Analysis of
Compendial
Assay
Treatment
Biological
Procedures
Chapters
Assays
1010
1225
1032 ,
111
1033 ,
and
1034
Means
X
Standard
deviations
X
Standard
errors
X
Nonnormality
X
X
Nonconstant
variance
X
X
Outliers
X
X
Tests
X
Confidence
intervals
X
X
Validation
X
X
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Combining
results
from multiple
assays

X

X

2S (USP35)

1 C apture reagent binding, blocking, analyte binding, detector antibody binding, and analysis are the five basic
steps in an ELISA. C apture reagent binding, blocking, and analyte binding steps are each followed by a
washing step to remove unbound reagents before the addition of the next reagent. Before analysis an
appropriate substrate is added, followed by measurement of the substrate by appropriate equipment for
detection. Quantitation of unknowns takes place by comparison with a standard curve.
2 The type of ELISA format depends on the availability of reagents, the intended purpose of the assay, and
the physicochemical characteristics of the analyte of interest. For a Bridging ELISA, the capture and detector
antibodies recognize the same epitope, and therefore the target antigen must have at least two epitopes
available for binding.

BRIEFING
1724 Semisolid Drug Products—Performance Tests. On the basis of comments
received, parts of the proposed general test chapter Topical and Transdermal Drug Products—
Product Performance Tests

725 , published in PF 35(3) [May–June 2009], are transferred to

a new informational chapter titled Semisolid Drug Products—Performance Tests 1724 . This
new chapter is a companion of the general chapter Topical and Transdermal Drug Products—
Quality Tests

3 , published in PF 36(6) [Nov.–Dec. 2010]. Critical quality attributes and allied

information will appear in general chapter

3 ; specific tests with procedures and acceptance

criteria will be provided in the general chapter Drug Release
information will be provided in general chapter

724 ; and more general

1724 . USP plans to transfer drug release

methodology for semisolid dosage forms using the vertical diffusion cell into chapter

724 .

(DP: M. Marques.)
Correspondence Number—C87463

Comment deadline: November 30, 2011
Add the following:
1724

SEMISOLID DRUG PRODUCTS—PERFORMANCE TESTS
SCOPE

The scope of this general chapter is to provide general information for performance testing of
semisolid drug products, various types of equipment employed for such testing, and potential
applications of the performance testing.
PURPOSE
This chapter provides general information about performance testing of semisolid drug products,
the theory and applications of such testing, information about the availability of appropriate
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equipment, and likely developments in performance testing of semisolid drug products. General
chapter Topical and Transdermal Drug Products—Product Quality Tests 3 provides
information related to product quality tests for topical and transdermal dosage forms: Drug
Release

724

provides procedures and details for testing drug release from transdermal

systems, and this chapter
semisolid dosage forms.

1724

provides procedures for determining drug release from

INTRODUCTION
This chapter provides general information for in vitro testing of semisolid drug products.
Semisolid dosage forms include creams, ointments, gels, and lotions. Semisolid dosage forms
may be considered extended-release preparations, and their drug release depends largely on
the formulation and manufacturing process. The release rate of a given product from different
manufacturers is likely to be different. It is assumed that drug release from the product is linked
to the clinical batch.
DRUG PRODUCT QUALITY AND PERFORMANCE TESTS
A USP drug product monograph contains tests, analytical procedures, and acceptance criteria.
Drug product tests are divided into two categories: (1) those that assess general quality
attributes, and (2) those that assess product performance, e.g., in vitro release of the drug
substance from the drug product. Quality tests assess the integrity of the dosage form, but
performance tests assess drug release and other attributes that relate to in vivo drug
performance. Taken together, quality and performance tests ensure the identity, strength,
quality, and purity of semisolid drug products.
Details of drug product quality tests for semisolid drug products can be found in chapter 3 .
Product performance tests for semisolid drug products are conducted to assess drug release
from manufactured pharmaceutical dosage forms. Although product performance tests do not
directly measure bioavailability and relative bioavailability (bioequivalence), they can detect in
vitro changes that reflect altered in vivo performance of the dosage form. These changes may
arise from changes in physicochemical characteristics of the drug substance and/or excipients
or to the formulation itself, changes in the manufacturing process, shipping and storage
effects, aging effects, and other formulation and/or process factors.
At present, a product performance test is available to evaluate in vitro performance only for
creams, ointments, lotions, and gels. Several available apparatus can be used for this
evaluation, including the vertical diffusion cell, immersion cell, and a special cell used with USP
Apparatus 4. These apparatus are commonly used as a product development tool for screening
product formulations. They also can be used to ensure the stability of in vitro product
performance after process and/or formulation changes in approved semisolid dosage forms (see
FDA Guidance for Industry—Nonsterile Semisolid Dosage Forms—Scale-Up and Postapproval
Changes: Chemistry, Manufacturing, and Controls; In Vitro Release Testing and In Vivo
Bioequivalence Documentation; available at
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070930.pdf).
Under specified circumstances, these tests can be used in quality control to ensure batch-tobatch consistency and the stability of in vitro performance.
This chapter provides general information for testing in vitro performance of semisolid drug
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products.
IN VITRO PERFORMANCE TESTS
Theory
The diffusion cell is a reliable and reproducible means of measuring drug release from semisolid
dosage forms. A thick layer of the semisolid product under evaluation is placed in contact with
a medium in a reservoir, and the latter acts as a receptor when the drug substance exits from
the drug product. Diffusion occurs across an inert, highly permeable support membrane. The
membrane is intended to keep the product and the receptor medium separate and distinct.
Membranes should offer the least possible diffusional resistance and should not be rate
controlling. Samples are withdrawn from the receptor chamber, typically at one-hour intervals
over a 4–6 h period.
After a short lag period, release of drug from the semisolid dosage form is kinetically described
by diffusion of a chemical out of a semi-infinite medium into a sink. The momentary release rate
tracks the depth of penetration of the forming gradient within the semisolid. Beginning at the
moment when the receding boundary layer's diffusional resistance assumes dominance of the
kinetics of release, the amount of the drug released, m, becomes proportional to t (where t =
time) for solution, suspension, or emulsion semisolid system alike. The momentary rate of drug
release, dm/dt, becomes proportional to 1/ t, which reflects the slowing of drug release with
the passage of time. The reservoir is kept large so that over the entire course of the
experiment, the concentration of the drug released into a medium remains highly dilute relative
to the concentration of drug dissolved in the semisolid. In these circumstances, drug release is
said to take place into a diffusional sink.
When a drug is totally in solution in the dosage form, the amount of drug released as a function
of time can be described by Equation 1:

where m is the amount of drug released into the sink per cm2, C0 is the drug concentration in
the releasing matrix, and D is the drug diffusion coefficient through the matrix.
A plot of m versus

t will be linear with a slope of:
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Equation 2 describes drug release when the drug is in the form of a suspension in the dosage
form:

where CS is the drug solubility in the releasing matrix, Dm is the drug diffusion coefficient in the
semisolid matrix, and Q is the total amount of the drug in solution and suspended in the matrix.
When Q >> CS, Equation 2 simplifies to Equation 3:

A plot of m versus

t will be linear with a slope of:

Coarse particles may dissolve so slowly that the moving boundary layer recedes to some extent
behind the particles. That situation introduces noticeable curvature in the t plot because of a
particle size effect.
During release rate experiments, every attempt should be made to keep the composition of the
formulation intact over the releasing period.
Drug Release Rate Determination Using Vertical Diffusion Cell Apparatus
Many vertical diffusion cell (VDC) systems are composed of 6-cell units. Each VDC cell assembly
consists of two chambers, a donor chamber and a receptor chamber, separated by a membrane
and held together by a clamp, screw top, or other means (see Figure 1—Model A, Figure 2—
Model B, and Figure 3—Model C). Other diffusion cells that are similar in general design also can
be used. In the donor chamber, the semisolid dosage form sample sits on a synthetic, inert,
highly permeable support membrane. For the VDC Model A, the sample sits on the support
membrane within the cavity of the sample chamber covered with a glass disk.
Typically, amounts of the semisolid sample not less than 200 mg are used. Diffusive
communication between the semisolid sample and the reservoir takes place through the support
membrane. The membrane is intended to keep the drug product sample and receptor medium
separate and distinct. A heating jacket or a suitable device should be used to maintain the
temperature within the cell. The release rate experiment is carried out at 32 ± 0.5 , except in
the case of vaginal drug products for which the temperature should be 37 ± 0.5 . Usually a set
of six cell assemblies are operated together at one time (i.e., single run). Sampling generally is
performed over a 4–6 h time period, and the volume withdrawn is replaced with fresh receptor
medium. To achieve sink condition, the receptor medium must have a high capacity to dissolve
the drug, and the drug concentration in the receptor medium at the end of the test should
ideally be as low as possible. For each cell, the amount of drug released (µg/cm2) at each
sampling time (t 1, t 2, etc.) is determined, and the cumulative amount released plotted versus
t. The slope of the resulting line is a measure of the rate of drug release, or flux. The test is
often conducted with a group of 6 or 12 cells per test run. The average of 6 slopes for each,
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the test and reference product is a measure of the drug release rate from the dosage form and
serves as the standard for the drug product tested.

Figure 1. Vertical Diffusion Cell–Model A (All dimensions are in mm. All diameters are ±0.5 mm.
All lengths are ±2 mm).

Figure 2. Vertical Diffusion Cell–Model B (All dimensions are in mm. All diameters are ±0.5 mm. All
lengths are ±2 mm).

Figure 3. Vertical Diffusion Cell–Model C (All dimensions are in mm. All diameters are ±0.5 mm.
All lengths are ±2 mm).
The VDC body (i.e., donor and receptor chambers) usually is made from borosilicate glass,
although different materials may be used to manufacture the body and other parts of the VDC
assembly. None of the cell assembly materials should react with, adsorb to, or absorb the test
product or samples. The semisolid dosage form is placed on a membrane within the cavity of
the dosage chamber that can be occluded. The diameters of the orifices of the donor chamber
and receptor chamber, which defines the dosage delivery surface area for the test, should be
sized within ±5% of the specified diameter. The diameter of the donor and receptor chambers
orifices may vary depending on the application. The receptor chamber orifice should never be
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smaller than the orifice of the donor chamber but should be fabricated to the same size as the
donor chamber orifice. The design of the VDC should facilitate proper alignment of the donor
chamber and the receptor orifice. The receptor chamber should be manufactured consistently
with uniform height and geometry. All the cells should have the same nominal value, and the
real volume should be measured for each individual cell. Care should be taken to minimize the
intercell volume variability.
MODEL A
The thickness of the sample chamber normally is 1.5 mm. This thickness should be sized within
±10% of the specified thickness. The glass support disk is used to occlude the semisolid dosage
form. A receptor cell mixer and stirrer magnet are used as the internal stirring mechanism.
MODELS B AND C
Classic styles of VDC are depicted in Figures 2 and 3 and illustrate minor design variations
among qualified models. For the test, the VDC are typically positioned in a stirrer rack (not
depicted) that holds multiple VDC (e.g., in sets of 6) in the correct orientation, providing
magnetic stirring at a calibrated rate and facilitating the supply of circulating heated water flow
to the water jacket of the VDC. The VDC rack is typically connected to a thermostatically
controlled water bath recirculator.
The water from the circulating pump flows into the VDC heating jacket from the lower port and
flows out from the upper port to facilitate the removal of any air bubbles formed in the heating
jacket. A magnetic nonstick (Teflon-coated) stirring bar in the receptor chamber is used as the
internal stirring mechanism. Aliquots of the receptor medium are drawn via the sampling arm at
intervals throughout the test, and an equivalent volume of fresh medium replaced to the level
of the calibration mark on the sampling arm.
Test Procedures: General
Before initiating testing, analysts should determine the volume of each VDC with the internal
stirring device in place.The temperature of the receptor medium should be maintained at 32 ±
0.5 , or 37 ± 0.5 for vaginal preparations, during the entire test. The rotational stirring rate
tolerance should be ±5% of the rate in the method (normally 600 rpm). The rate of stirring
should ensure adequate mixing of the receptor medium during the test period. Samples should
be obtained at the specified times in the method within a tolerance of ±2 min. Unless the
method specifies otherwise, the qualification of the apparatus has been verified when analysts
determine that the test temperature and stirring rate are within their specified requirements
and a satisfactory performance verification test (i.e., drug release rate) results. Unless
otherwise specified in the method, degas the medium using an appropriate technique.
Determine the amount of drug in the receptor medium sample aliquots using a validated
analytical procedure.
The following sections provide instructions for proper use of Models A, B, and C:
TEST PROCEDURES: MODEL A
With the stirring mechanism in place, fill the receptor chamber with the specified medium with
the stirrers rotating and a positive meniscus covering the top of each cell. Allow time for the
medium to equilibrate to the specified temperature. Stop the stirrer before placing the test
sample on the cell. If necessary, saturate the membrane in the specified medium, generally the
receptor medium, for 30 min. Place the membrane on the donor chamber and invert. Apply the
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material to be tested into the cavity of the sample chamber, spreading the semisolid out to fill
the entire cavity of the sample chamber. Place the filled sample chamber on the receptor
chamber with the membrane down and in contact with the receptor medium. During this
procedure it is important to ensure that there are no bubbles beneath the membrane. Then
assemble the complete cell. When the assembly of all donor and receptor chambers and
remaining cell components (i.e., disk, alignment ring, and clamp) have been completed, turn on
the stirring device, which constitutes the start of the test or time zero. Sampling is generally
performed over a 4–6 h time period. Follow the specified sampling procedure, and collect an
aliquot from each cell receptor chamber for analysis. With the stirrer stopped and using a
syringe, replace the withdrawn volume with fresh medium warmed to the specific temperature,
and resume stirring. Ensure that during the sampling and medium replenishment process(es)
that bubbles are not introduced into the cell.
TEST PROCEDURES: MODELS B AND C
A nonstick (Teflon-coated) stir bar is placed within the receptor chamber of the VDC. The
membrane specified in the test method is clamped atop the O-ring, if present, between the
aligned donor and receptor chambers of the VDC. The exposed periphery of the joint between
the donor and receptor compartments is sealed (e.g., circumscribed by stretched paraffin wax
film).
The receptor chamber is filled with receptor medium via the sampling arm, unless it is already
filled before the membrane is mounted. The VDC assembly is tilted in multiple orientations and
inspected to ensure that any air bubbles trapped beneath the membrane, or within the receptor
chamber, can escape via the sampling arm port. The volume of receptor medium is adjusted to
the calibrated level marked on the sampling arm port. The membrane is allowed to equilibrate
with the receptor medium, in situ, for at least 30 min prior to the application of the dosage
form, or may be pre-incubated wiht a wetting solution, typically the receptor medium, as
specified in the test method.
The VDC units are positioned in a stirrer rack. It is recommended that about 10–20 cm of slack
should be available in the tubing connecting the ports of the VDC water jacket to the VDC rack
to facilitate subsequent manipulation of the VDC during the test. The temperature set point of
the water bath is adjusted before dosing so that the membrane is at the correct temperature.
This can be verified by measuring the membrane temperature before dosing using a calibrated
infrared thermometer.
The stirring is initiated and can be maintained continuously through the test. The dosage form
is evenly dispensed directly onto the membrane surface. The amount of sample recommended is
not less than approximately 1.0 mL/cm2 to ensure a pseudo-infinite dose condition. Spreading
of the sample typically starts at the outer edge and proceeds in an inward spiral pattern to
assure full coverage of the edges of the dose area without air gaps. The placement of the
sample constitutes the start of the test or time zero. The donor chamber is subsequently
sealed with an occlusive film to prevent loss of any volatile components of the test formulation.
The underside of the membrane is checked for air bubbles and, if any are seen, they are
eliminated by tilting the apparatus in a manner that allows the air bubbles to escape. The
receptor volume is confirmed at the calibrated volume mark and adjusted as necessary.
Before sample collections, typically every hour over the 4–6 h period following the introduction
of the sample, the volume in the sampling arm is confirmed approximately 10 min before
sampling and is topped up to the calibration mark on the sampling arm as necessary. At
predetermined intervals after starting the test, typically hourly for six hours, analysts collect
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aliquots of the receptor medium (e.g., 150 µL) via the sampling arm, drawing from the wellmixed center of the receptor chamber. The VDC assembly is inspected for air bubbles, which
are eliminated as necessary. Receptor medium is replaced to bring the receptor volume back to
the level indicated on the sampling arm of the VDC.
Drug Release Rate Determination Using Immersion Cell Apparatus
The cell consists of the following components (see Figures 4 and 5 for Model A, and Figures 6
and 7 for Model B): a retaining or lock ring—secures the membrane to the cell body and ensures
full contact with the sample; a washer—provides a leakproof seal between membrane, retaining
ring, and cell body; and the membrane, usually a synthetic membrane, should retain the sample
in the sample compartment. Model A has an adjustment plate that allows operators to vary the
volume of the reservoir within the cell body, it can be placed at the appropriate height for each
test and can be completely removed to facilitate cleaning. An O-ring prevents leakage, and the
cell body—provides a variable depth reservoir for the sample.

Figure 4. Immersion cell–Model A–Cell components.
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Figure 5. Immersion cell–Model A assembled in a mini vessel.

Figure 6. Immersion cell–Model B–Cell components.
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Figure 7. Immersion cell–Model B assembled in a vessel.
This type of VDC can be used with USP Apparatus 2 (see general chapter Dissolution 711 )
with vessel volumes that vary from 100 mL up to 4 L, but the 200-mL vessel is most commonly
used. A flat bottomed variation of the 200-mL vessel can be used to avoid the issue of dead
space under the cell when it is used in a rounded-botton vessel. If analysts are going to use a
200-mL vessel with USP Apparatus 2, then the appropriate modifications must be made,
including holders for the 200-mL vessels and replacement of the standard paddle with the minipaddle. It also may require repositioning of any automated sampling device and/or manifold. The
water bath or vessel heater should be set to have the medium temperature at 32.0 ± 0.5 or
37.0 ± 0.5
Before loading the cells and placing the medium in the vessel, place an empty cell, with a
screen instead of a membrane, into the empty vessel, set a 2.5-cm paddle height ball on the
cell, and set the paddle height, which is 2.5 cm above the surface of the membrane. All other
operational parameters, such as level, vibration, woobling, etc., should be set at the same
conditions defined for USP Apparatus 2.
Cut the membrane to an appropriate size. If necessary, soak the membrane in the receptor
medium for at least 30 min before loading. If the membrane is thick, a longer soaking time
period may be necessary. Prepare the immersion cell components as specified by the device
manufacturer.
Fill the reservoir dosage area with the sample under test. Ensure that the reservoir is filled to
the top in order to minimize the possibility of air bubble formation between the surface of the
sample and the membrane. A uniform surface can be obtained with the aid of a spatula. The
typical quantity of sample is between 300 mg and 2 g, depending on the type of immersion cell
used, and an excess of sample is needed to obtain a steady state drug release rate. Using
forceps or tweezers, remove the membrane from the soaking medium and place it over the top
of the sample compartment. Ensure that the membrane is free of wrinkles. The membrane
should be large enough to overlap the top edge of the cell body, typically 2.5 cm in diameter.
Assemble the immersion cell components as specified by the device manufacturer. Carefully
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place the completed assembly into the bottom of the dissolution vessel with the membrane
facing up. The appropriate preheated medium may be preloaded in the vessel or can be added
after immersion of the immersion cell to start the test. Samples from at least 5 time points
should be obtained in the steady-state (linear) portion of the drug release profile. The data
points are cumulative and expressed as concentration per surface area, typically per cm2, as a
function of the square root of time. Sampling is generally performed over a 4–6 h time period.
The slope of the line is the in vitro release rate of drug from the product. At the end of the
test period, dismantle the cell and examine the contents for anything unusual that could explain
any anomalous data, e.g. leaks, bubbles, etc.
QUALIFICATION
USP Apparatus 2 should be qualified according to the procedure described in Dissolution
.

711

Drug Release Determination Using USP Apparatus 4 (Flow-through cell)
The insert for topical dosage forms (see Figure 8) is used with the 22.6-mm cell of USP
Apparatus 4 described in Dissolution 711 . The insert consists of a reservoir and a ring to
hold the membrane. The reservoir is available in different sizes which can accommodate from
400–1200 µL of product. The use of the USP Apparatus 4 cells ensures control of temperature
and hydrodynamics. The temperature can be maintained either at 32.0 ± 0.5 or 37.0 ± 0.5 ,
depending on the intended site of the administration of the formulation. The flow rate should
comply with the requirements of Dissolution 711 with a sinusoidal flow profile with a
pulsation of 120 ± 10 pulses/min and a precision of ±5% of the nominal flow rate.

Figure 8. Insert for topical dosage forms in USP Apparatus 4.
Procedure
The membrane, which may be soaked in the receptor medium beforehand, is loaded in the
membrane ring using the provided tool. The membrane should be large enough to overlap the
top edge of the reservoir body with a diameter of 18 mm. The sample is loaded into the
reservoir. The other side of the tool can be used to hold the reservoir while loading the sample.
If necessary, the excess of sample can be removed using a spatula. Screw the membrane ring
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onto the sample reservoir. Ensure that the membrane is free of wrinkles while screwing.
Remove the insert from the tool and slide it into the cylindrical part of the 22.6-mm cell with
the membrane facing downward. Vertical positioning within the cell can be adjusted using the
tablet holder scoring, if desired (see Figure 9). If the lower position is chosen, release can be
higher due to the proximity to the flow inlet. The system is typically configured as a closed
system (see Figure 10), but in some cases, an open system can be used. The prepared cell is
inserted in a heating jacket.

Figure 9. Vertical positioning of the insert using the tablet holder.

Figure 10. Closed system configuration.
The defined volume of release medium is introduced in the reservoir. Unless otherwise specified,
the medium should be deaerated in order to minimize the risk of air bubbles. A deaeration
procedure is described in Dissolution 711 , but other validated deaeration techniques can be
used. The reservoir can be adapted to the volume needed in order to achieve sink conditions
and to ensure precision of the analytical method. Typical volumes range from 50–1000 mL, but
values above and below this range also can be used as the formulation demands.
When the pump is switched on, the medium will be pumped through the cell. This represents
the time zero of the test. Typical flow rates are 16 mL/min and 24 mL/min, but flow rate is a
method-development parameter and must be optimized accordingly. The flow passing through
the cell ensures both agitation and renewal of the receptor medium at the interface with the
membrane.
Sampling can be performed either manually or automatically directly from the medium reservoir,
thus ensuring no interference with the flow cell and its contents. An automated fraction
collector may be appropriate for release periods longer than 6 h. After quantification, analysts
plot the amount of drug release per surface area versus the square root of time, the slope of
the line representing then the in vitro release rate.
Calculation of Rate and Amount of Drug Released
Calculate the drug release rate using the following steps:
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Amount released (µg/cm2) at a given time (t 1, t 2, etc.) (ARi) is calculated for each sample:
Amount released at t 1AR1 = (AU1/AS) × CS × 1000 × (VC/A0)
Amount released at t 2AR2 = (AU2/AS) × CS × 1000 × (VC/A0) + [AR1 × (VS/VC)]

AU = response (e.g., peak area, or peak height or absorbance) obtained from the Sample
solution
AS = average response (e.g., peak area, or peak height or absorbance) obtained from of the
Standard solution
CS = concentration of the Standard solution (mg/mL)
VC = volume of the diffusion cell (mL)
AR = amount of drug released (µg/cm2)
A0 = area of the orifice (cm2)
VS = volume of sample taken (mL)
For each cell, the individual amount of drug released is plotted versus time, and the slope of
the resulting line, the rate of drug release, is determined. The average of 6 slopes for each test
and reference products represents the drug release rate of the dosage form and serves as the
standard for the drug product.
Application of Drug Release
The product performance test can be used to assess sameness of the drug product after postapproval changes or for successive batch release comparison. This is illustrated by the
following example in which the initial drug product batch is referred as Reference Batch (R) and
the changed or subsequent batch is referred to as Test Batch (T). The individual amounts of
drug released from R is plotted versus time, and the resulting slopes are determined. Those are
the reference slopes. The process is repeated for the Test Batch (T).
The T/R slope ratios are calculated for each Test-to-Reference slope. This procedure is
facilitated with a table where the values for the slopes for Test and Reference batches are
listed down the left side and across the top of the table, respectively. The T/R slope ratios are
then determined. See Table 1.

TS1
TS2
TS3
TS4
TS5
TS6

RS1
TS1/RS1
TS2/RS1
TS3/RS1
TS4/RS1
TS5/RS1
TS6/RS1

Table 1. Comparison of Test and Reference Slopes
RS2
RS3
RS4
RS5
TS1/RS2
TS1/RS3
TS1/RS4
TS1/RS5
TS2/RS2
TS2/RS3
TS2/RS4
TS2/RS5
TS3/RS2
TS3/RS3
TS3/RS4
TS3/RS5
TS4/RS2
TS4/RS3
TS4/RS4
TS4/RS5
TS5/RS2
TS5/RS3
TS5/RS4
TS5/RS5
TS6/RS2
TS6/RS3
TS6/RS4
TS6/RS5

RS6
TS1/RS6
TS2/RS6
TS3/RS6
TS4/RS6
TS5/RS6
TS6/RS6

After the T/R ratios have been calculated, they are ordered from the lowest to the highest.
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The 8th and 29th T/R ratios are identified and converted to percent (multiplied by 100). To pass
first stage testing, those ratios must be within the range of 75%–133.33%.
If the results do not meet this criterion, 4 additional tests of 6 cells should be performed,
resulting in 12 additional slope determinations for each product tested. The T/R slope ratios for
all 18 slopes for each product tested are determined. All 324 individual T/R slope ratios are
ordered from the lowest to the highest. To pass this second stage testing the 110th and 215th
slope ratios must be within the range of 75%–133.33%.
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BRIEFING
1852 Atomic Absorption Spectroscopy—Theory and Practice. See Briefing under
Atomic Absorption Spectroscopy

852 .

(GCCA: H. Pappa.)
Correspondence Number—C102378

Comment deadline: November 30, 2011
Add the following:
1852

ATOMIC ABSORPTION SPECTROSCOPY—THEORY AND PRACTICE
THEORY

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

log10 %T
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AAS methods fall into two categories: flame (FAAS) and flameless. Flameless methods include
graphite furnace AAS (GFAAS), also known as electrothermal vaporization AAS (ETVAAS), for
ultra-trace analyses. Other flameless methods are cold vapor AAS (CVAAS) intended
specifically for the analysis of mercury and hydride generation AAS (HGAAS) intended
specifically for the analysis of arsenic, bismuth, germanium, lead, antimony, selenium, tin, and
tellurium.
A basic AAS consists of a radiation source, a sample introduction device, a means to atomize
the sample, a monochromator or a polychromator, a detector, and some means of acquiring
data (usually a computer). Most instruments also have some sort of background correction
system, which will be discussed later in this chapter.
In the case of FAAS, the flame through which the sample passes is considered to be the
sample cell. In the case of ETV, the graphite tube into which the sample is deposited is
considered to be the sample cell. In the case of cold vapor AAS, a quartz absorption cell is
mounted on top of the burner head, and the space above the burner in the optical path is
considered to be the sample cell. In the case of hydride generation, hydrides are swept into a
heated cell.
INSTRUMENTATION

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

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

Figure 3. Schematic of a double-beam atomic absorption spectrophotometer. Reproduced by
permission of the Royal Society of Chemistry.
SAMPLE CELL DESIGNS
Flame Atomic Absorption Spectrometry
In FAAS a liquid sample is aspirated into a flame via a nebulizer. In the nebulizer the sample is
converted to a mist that is composed of uniform droplets that are easily burned in the flame.
The flame provides a source of neutral atoms or molecules that absorb energy and desolvates
and atomizes the sample as well.
Although other flame types have been documented, the most commonly used flame is an air–
acetylene flame. Because the temperature of the air–acetylene flame is not sufficient to
destroy oxides that might form or are present, a nitrous oxide–acetylene flame often is used,
depending on the analyte and nature of the sample. The air–acetylene flame burns within a
temperature range of 2125 –2400 , but the nitrous oxide–acetylene flame burns within a
temperature range of 2650 –2800 .
Flames can be optimized for a particular analysis by either increasing or decreasing the
fuel:oxidant ratio. The fuel:oxidant ratio can be adjusted to be either lean or rich—oxidizing or
reducing—depending on the analyte of interest. Most instrument manufacturers provide
guidance regarding the type of flame to use for a specific element, and analysts should refer to
the manual provided by the instrument manufacturer for optimal flame conditions for a given
analyte.
Some AAS also can be used in the flame emission mode. In flame emission, the atoms and
molecules achieve an excited electronic state following thermal collisions within the flame, and
upon their return to a lower or ground electronic state they emit light at characteristic
wavelengths for each analyte. Although instrumentation may be capable of operation in the
flame emission mode, this will not be discussed further in this chapter.
Electrothermal Vaporization—Graphite Furnace Atomic Absorption Spectrometry
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In ETV or GFAAS, a liquid sample is deposited through a small opening into a heated graphite
tube known as a mini-Massmann furnace. Inside the furnace, neutral atoms or molecules are
excited from their ground state when the tube is further heated, thereby heating the sample as
well. Samples can be deposited either directly onto the wall of the graphite furnace or onto a
small graphite platform, known as a L’vov platform, which sits inside of the graphite furnace.
With ETV, a series of heating steps usually is employed, including drying, charring or ashing,
atomizing, and clean-out. Other intermediate heating steps can be used, depending on the
nature of the sample. Throughout the heating process, the graphite furnace is purged with an
inert gas, usually nitrogen or argon. At the atomization step, the furnace is heated quickly to a
high temperature (usually to incandescence). The purge gas flow is stopped temporarily as a
transient absorption signal produced by the atomized analyte is measured. As in FAAS, Beer's
Law can be used to relate the concentration of the analyte and the absorption signal.
Cold Vapor and Hydride Generation Atomic Absorption Spectrometry
Cold vapor and hydride generation techniques often are used for the determination of mercury
or for some hydride-forming elements such as tin, arsenic, selenium, antimony, and bismuth.
In the case of mercury, a chemical reduction generates atoms, and a stream of inert gas
sweeps the cold vapor into a cold quartz cell in the optical path of the instrument. The
technique is very sensitive and has detection limits that range from parts per trillion (ppt) to
low parts per billion (ppb), depending on the sample and the laboratory environment.
In the case of hydride-forming elements, a reaction with sodium borohydride and hydrochloric
acid generates the hydride of the analyte of interest. The resulting gas is swept into an inert
quartz cell that is positioned on top of the burner. The cell can be externally heated, or it can
be heated by an air–acetylene flame. The heat of the flame breaks down the hydride and
creates the elemental form of the analyte. This is known as the direct-transfer mode of hydride
generation. Commercial direct-transfer hydride generators are available in two configurations,
continuous flow and flow injection. As with the cold vapor detection of mercury, hydride
generation also can be very sensitive and has detection limits in the ppb or ppt range.
LINE SOURCES
An external light source (line source) is used to emit spectral lines corresponding to the energy
required to elicit the electronic transition from the ground state to an excited state in the
sample. The external light sources most commonly used are continuum electrodeless discharge
lamps (EDL) or hollow cathode lamps (HCL). Absorption of radiation from the external light
source is proportional to the population of the analyte species in the ground state, which is
proportional to the concentration of the analyte that is sprayed into the flame, thereby making
it possible to use Beer's Law to determine the concentration of an analyte in the sample. The
absorption is measured by the difference in transmitted signal in the presence and absence of
the analyte.
A suitable line source for AAS must:
Produce lines of sufficiently narrow bandwidths specific to a particular atomic absorption
peak
Produce a beam of radiation of sufficient intensity to allow high signal-to-noise
absorption measurements
Produce a beam of radiation that is stable for extended periods of time

PF 37(5): Sep.-Oct. 2011

101

Be easy to start and have a short warm-up time and an extended shelf life.
A common line source for AAS is the HCL.
The gas contained within the HCL tube is ionized when an electrical potential is applied across
the electrodes. Gaseous cations then acquire sufficient kinetic energy to dislodge some of the
metal atoms from the anode surface, a process known as sputtering. A portion of the resulting
cloud of metal ions is excited. Upon relaxation to the ground state, the ions emit photons at
the characteristic wavelengths for that metal. Hollow cathode lamps are available in a variety
of configurations and can be specific for a single element or multiple elements.
Another type of line source is the EDL.
For certain elements EDLs produce much more intense radiation beams than do HCLs. They are
available for the analysis of antimony, arsenic, bismuth, cadmium, cesium, germanium, lead,
mercury, phosphorus, selenium, tellurium, thallium, tin, and zinc. They are similar to HCLs
because they rely on the sputtering of a metal by accelerated ions, but they ionize the inert
gas by means of an intense radio-frequency field instead of hard-wired electrodes.
The requirement for an individual line source for each metal limits AA to a single-element
technique. Some modern systems allow multi-element analyses by automatic lamp switching or
by positioning multiple lamps in an array. High-resolution continuum source AAS combines a
high-resolution Echelle monochromator with a xenon short-arc lamp to obtain multi-element
analytical capabilities (see reference 1 for additional details).
WAVELENGTH SELECTORS
Because atomic resonance lines are narrow, analysts frequently use monochromator gratings of
moderate resolution such as used in AAS Ebert and Czerny–Turner monochromator systems.
Although the application is not common, high-resolution Echelle polychromators have been used
in AAS designed for simultaneous measurements of multiple elements. Spectrophotometers of
this type usually mate a high-resolution polychromator with either a Xenon arc continuum
source or several individual line sources. They typically are equipped with a solid-state detector
system.
DETECTION SYSTEMS
Detection systems convert radiant energy, photons, into a concentration-proportionate
electronic signal. As illustrated in Figure 1, this signal is amplified and processed into an
absorbance reading or a concentration. Photomultiplier tubes (PMTs) are widely used in AAS to
convert photons passed through the monochromator into voltages. Some spectrophotometers
are designed so that the applied PMT currents are under operator control. As mentioned above,
some modern AAS are equipped with solid-state detection systems. These are of two types: a
charge-injection device or a charge-coupled device. Advantages and disadvantages of each
design depend on specific applications. In some applications, a solid-state detector can
produce a superior signal-to-noise ratio, provide a flatter response across the UV/Vis spectrum,
and/or improved background correction capabilities when compared to a PMT.
BACKGROUND CORRECTION
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Nonspecific absorption can compromise the accuracy of AAS measurements. This is particularly
the case for ultra-trace analyses using graphite furnace AAS. The type of background
correction used for graphite furnace AAS can have a large impact on the success of the
analysis. Three types of background correction designs are available for modern AAS:
continuum source, Smith–Hieftja or variable giant pulse, and Zeeman effect.
Continuum Source
A continuum source, frequently a deuterium lamp, is configured in the spectrophotometer optics
so that radiation from the continuum source and the line source is passed alternately through
the sample cell by a beam chopper (Figure 4). The width of the continuum source bandpass is
equal to the slit width.

Figure 4. Schematic of an atomic absorption spectrophotometer with a continuum source
background corrector. Reproduced by permission of the Royal Society of Chemistry.
The signal intensity from both sources then can be measured, and the ratio can be calculated.
Figure 5 displays the operation of a continuum-source background-correction system. Note
that before the analysis the intensity of the deuterium lamp and the HCL are equalized at the
analyte's resonance wavelength. Note also that the bandwidth of the continuum source is
equal to the width of the monochromator's exit slit, usually 0.2–0.7 nm, compared to the width
of the resonance line of approximately 0.002 nm. If a solution containing the analyte of interest
is introduced, the signals from both sources are attenuated because of atomic absorption
(Figure 5, Panels A and B). If a solution containing the analyte of interest plus components
that lead to nonspecific broad-band absorbance is introduced, the intensity of atomic
absorption of the line source (HCL) is correctly subtracted from the intensity of the continuum
source (Figure 5, Panels C and D).

Figure 5. Panels A and B: atomic absorption only. Panels C and D: atomic absorption with
background absorption. Reproduced by permission of the Royal Society of Chemistry.
Although continuum-source background correction is a useful design, it has some limitations.
Basically the introduction of an additional lamp and chopper causes a degradation of the overall
signal-to-noise ratio of measurements. In addition, if the line source and the continuum source
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are not in perfect alignment, an erroneous correction will result when the individual beams are
passed through an inhomogeneous gaseous sample, as frequently occurs in the sample cell.
This particularly is the case for highly structured backgrounds. The radiant intensity of the
deuterium source in the visible region is too low to use for analytical wavelengths above 350
nm. Some instrument manufacturers equip their spectrophotometers with alternative continuum
sources such as tungsten halogen lamps to remedy this issue.
Smith–Hieftja
When high currents are applied to an HCL, the emission-line profile is altered: the line is
broadened and a dip appears in the center because of self-absorption. Self-absorption occurs
when the photons emitted by excited atoms are absorbed by gaseous ground-state atoms
contained within the quartz tube of the HCL. At currents used for normal data acquisition, the
HCL is used to measure the sum absorbance of the element of interest and the nonspecific
background. At high lamp currents, the measured absorbance predominantly is caused by the
background. The absorbance caused by the element of interest is the difference between the
intensities of analyte and nonspecific background absorbances. Figure 6 illustrates the Smith–
Hieftja background correction process.

Figure 6. Emission profile of a hollow cathode lamp at (A) low current and (B) high current. Low
current absorbance is caused by background plus analyte. High current is background
absorbance only. Adapted from S.B. Smith, Jr. and C.M. Hieftje, Appl. Spectrosc., 1983, 37,
419.
The advantages of Smith–Hieftja background correction are that the HCL serves as the single
source for any analytical wavelength, obviating any alignment issues arising from alternative
continuum source. This system allows correction of structured backgrounds very near the
resonance wavelength. Disadvantages are that the lifetimes of the HCLs are notably shortened.
Compared with continuum-source background correction, the Smith–Hieftja procedure may
result in a shorter dynamic range and/or may require higher sample dilutions to reduce
background absorbances.
Zeeman Effect
The Zeeman effect background correction is based on the principle that in the presence of a
magnetic field, the absorption line of an element is split into three optically polarized
components. The

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

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

component separation of approximately 0.01

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

Figure 7. Configuration and operation of a transverse DC Zeeman atomic absorption
spectrophotometer. Adapted from H. Koizumi and K. Yasuda, Spectrochim Acta, 1976, 31B,
237.
TRANSVERSE AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY
This design uses an AC magnet positioned around the atomizer. The magnetic field is in parallel
alignment with the optical axis. The AC magnet is switched on and off at one-half the
modulation frequency of the line source (50 or 60 Hz, typically). A fixed polarizer is positioned
between the atomizer and the monochromator. See Figures 8 and 9 for illustrations of the
operation of transverse AC Zeeman AAS.
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Figure 8. Operational principle of a transverse AC Zeeman atomic absorption
spectrophotometer. ©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.

Figure 9. Illustration of transverse AC Zeeman atomic absorption spectrophotometer operation.
©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.
LONGITUDINAL AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY
In this design, the magnetic field is in perpendicular alignment with the optical axis. With this
configuration the component is absent and the components are circularly polarized, so a
polarizer is not required. See Figure 10 for comparison between transverse and longitudinal AC
Zeeman AAS.

Figure 10. Comparison of transverse and longitudinal AC Zeeman atomic absorption
spectrophotometer. ©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.
Zeeman effect background correction offers the advantage of background correction at the
resonance wavelength and correction of relatively high nonspecific absorbances. Zeeman effect
background correction can result in a reduction of the linear dynamic range in some applications
compared to continuum source background correction and may require additional dilution of test
solutions. Depending on the specific analyte and application, Zeeman effect background
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correction offers advantages and disadvantages that must be considered for each application.
ANALYTICAL CONSIDERATIONS
Sample Preparation
FAAS requires the introduction of a liquid sample into the nebulizer. ETV/GFAAS normally is
performed using liquid samples, but analyses can be performed using slurries and solid samples.
Because the analysis of liquids is far more common, the analysis of solid samples is not
discussed in this chapter.
Samples can be prepared in a variety of ways to dissolve or solubilize them. In some cases,
direct dilution of a solid sample can be performed using deionized water, dilute acids, or organic
solvents. When a sample does not dissolve, however, some form of acid digestion is required.
Acid digestion also is required if the sample is first ashed. Options for acid digestion include
hot-plate digestions, open-vessel microwave digestion, and closed-vessel microwave digestion.
Procedures for acid digestion are specific for a given sample matrix and analyte. Analysts
should perform spike and recovery studies when they carry out digestions, and when using
microwave digestion systems analysts should refer to the microwave manufacturer's guidelines
for use and programming of the instrument.
Interferences
AAS is subject to several types of interferences. The most common are:
Spectral interferences: Spectral interferences can arise when there is an overlapping
signal from another element that is a component of the sample or sample matrix.
Ionization of the analyte: Some elements such as sodium, potassium, calcium, and
cesium are easily ionized, and ionization of the analyte reduces the analytical signal.
Matrix effects: Interferences can arise from differences between sample, standard, and
blank viscosities or can be introduced by surface tension.
Spectral line broadening: Spectral line broadening can occur as a result of several
factors, including self-absorption, Lorentz effect, Doppler effect, or quenching.
Compounds that do not dissociate in the flame.
Matrix Modification, Releasing Agents, and Ionization Suppressants
To counteract potential interferences or to enhance their ability to monitor an analyte,
analysts sometimes use a matrix modifier, a releasing agent, or an ionization suppressant.
Matrix modifiers are added to samples, standards, and blanks with GFAAS with the chief goals
of changing the nature of the sample or analyte in the sample by:
Increasing the volatility of the sample matrix so that matrix components are burned off
Reducing the volatility of the analyte, which helps to eliminate loss of the analyte during
the pyrolysis step
Reducing background absorption by eliminating matrix components so that they do not
interfere with the analyte signal during atomization.
It may be necessary to use more than one matrix modifier during an analysis. Commonly used
matrix modifiers include magnesium nitrate, nickel nitrate, palladium, and lanthanum.
Manufacturers of graphite furnace instrumentation provide detailed information regarding the
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use of matrix modifiers, and analysts should consult that information when they perform an
analysis.
Releasing agents and ionization suppressants are used in FAAS to eliminate certain potential
interferences. Releasing agents are added in excess to samples, standards, and blanks to
prevent the formation of refractory compounds by combining with a potential interferent.
Ionization suppressants are added in excess to samples, standards, and blanks to help control
ionization of the analyte. By adding an ionization suppressant that has an ionization potential
lower than that of the analyte, analysts create an excess of electrons in the flame, and the
ionization of the analyte is suppressed. Commonly used releasing agents include lanthanum and
strontium. Commonly used ionization suppressants include sodium, potassium, cesium, and
lanthanum. Manufacturers of flame AA instrumentation provide detailed information regarding
the use of releasing agents and ionization suppressants, and analysts should consult that
information when performing an analysis.
Because of the separation of the analyte from the matrix in cold-vapor and hydride-generation
AA, spectral interferences are notably reduced when compared to the other AA methods.
Nonselective background interferences can occur, however, when a sufficient amount of an
absorbing species is transported to the cell. Typically this occurs when an excess of another
hydride-forming species is introduced from the sample matrix or in the case of hydride formation
when non-aqueous media are used. Transport interferences take place during transport of a
hydride from the sample solution to the sample cell. This either causes a delay in hydride
formation, known as transport kinetics interference, or loss of the hydride altogether, known as
transport efficiency interference. These interferences can be remedied either by using the
method of standard additions or by further diluting the sample.
OTHER SOURCES OF INFORMATION
1. Welz B., Becker-Ross H., Florek S., Heitmann U., High Resolution Continuum Source AAS,
Wiley-VCH, 2005, pp. 53–61.
2. Skoog, D.A., Holler, F.J, Nieman, T.A., Principles of Instrumental Analysis, Saunders
College Publishing, 5th Ed., 1998, pp. 214–220.
3. Ebdon, L., Evans, E.H., Fisher, A., Hill, S.J., An Introduction to Analytical Atomic
Spectrometry, John Wiley and Sons, 1998, pp. 17–23.
4. Lajunen, L.H.J. and Peramaki, P., Spectrochemical Analysis by Atomic Absorption and
Emission, The Royal Society of Chemistry, 2nd Ed., 2004, pp. 78–87, 151–152, 156,
161, 164, 168.
5. Cullen, M., Atomic Spectroscopy in Elemental Analysis, CRC Press, 2004, pp. 228–237,
251.
6. Dedina, J. and Dimiter, L., Hydride Generation Atomic Absorption Spectrometry,
Chemical Analysis, Volume 130, John Wiley and Sons, 1995, pp. 91–93.
APPENDIX: ACRONYMS
A: absorption
AA: atomic absorption
AAS: atomic absorption spectrometry
EDL: electrodeless discharge lamp
ETV: electrothermal vaporization
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FAAS: flame AAS
GFAAS: graphite furnace AAS
HCL: hollow cathode lamp
PMT: photomultiplier tube
T: transmittance
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MID-INFRARED SPECTROSCOPY—THEORY AND PRACTICE
PRINCIPLES OF MID-INFRARED SPECTROSCOPY

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

(µm), and wavenumber,

(cm

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

where h is Planck’s constant, c is the velocity of light,

i

is the fundamental vibrational

frequency of mode i (cm 1), vi is the vibrational quantum number of this mode, and xi is the
so-called anharmonicity constant.
The strongest bands in the mid-IR spectrum are caused by fundamental transitions from the
ground state of a given mode (vi = 0) to its first excited vibrational state (vi = 1), although
weaker overtone and combination bands also are seen in the spectrum. Overtone bands are
caused by the promotion of molecules from their ground state to their second and higher
vibrational states (vi = 0, 1, 2, 3, etc.). Overtones are observed only for those modes for
which xi is non-zero. Combination bands are caused by the simultaneous promotion of molecules
to two excited vibrational states.
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Vibrational modes involve the motion of all atoms of the molecule. Many modes involve only
large-amplitude vibrations of the atoms in localized regions of the molecule, and the remaining
atoms are largely unaffected. When molecules contain a certain functional group, the
transitions often occur in narrow spectral ranges. In this case, the wavenumbers at which
these transitions occur are known as group frequencies. When a vibrational mode involves
atomic motions of more than just a few atoms, the frequencies occur over wider spectral
ranges and are not characteristic of a particular functional group. Instead they are more
characteristic of the molecules as a whole. Such bands are known as fingerprint bands. All
strong bands that absorb at wavenumbers above 1500 cm 1 are group frequencies. Strong
bands that absorb below 1500 cm 1 either can be group frequencies or fingerprint bands. Thus
not all strong bands in the IR spectrum of a given molecule can be attributed to the presence
of a particular functional group.
The motion of atoms during a particular vibrational mode, i, is characterized by the normal
coordinate, Qi. The intensity of fundamental bands is governed by the square of the change in
dipole moment, µ, during the vibrational cycle ( µ/ Qi)2. Thus vibrational transitions of modes
involving polar groups, such as C–O, C=O, O–H, N–H, and C–F, typically give rise to strong
bands in the spectrum. Where ( µ/ Qi) is small, transitions are weak. When the symmetry of a
molecule leads to the condition that ( µ/ Qi) = 0 for a certain mode, the band corresponding
to this mode does not appear in the IR spectrum. Overtone and combination bands are always
weaker than the fundamental modes from which they are derived.
For functional groups that have the form XY 2 (such as –CH2 , –NH2 , –NO2 , and –SO2 ) and XY 3
(such as –CH3 and –NH3 +), first-order coupling can occur so that the mode is split into a
symmetrical mode (where both the Y atoms move to and from the X atom with the same
phase) and an antisymmetrical mode (where one Y atom moves 180 out of phase with the
other). The amount by which the two bands are split depends on the Y–X–Y angle. The more
closely this angle approaches 180 , the greater the splitting. Thus, for example, for the
symmetric and antisymmetric stretching modes of ketenes and isocyanates where the angle is
approximately 180 , the splitting can approach 1000 cm 1, whereas for CH2 and CH3 groups
where the angle is approximately 108 , the splitting is on the order of 100 cm 1.
Second-order coupling, sometimes known as Fermi resonance, occurs when an overtone or
combination band happens to occur at the same (or near coincident) wavenumber as a
fundamental mode of the molecule that involves motion of the same atoms. In this case, the
overtone or combination borrows intensity from the fundamental band, and the two bands split
apart by as much as 40 cm 1. The closer the bands that interact in this manner, the greater
the splitting and the closer the intensity for the resulting bands.
SAMPLING PROCEDURES
Mid-IR spectra can be measured by transmission, external reflection, internal reflection [often
called attenuated total reflection (ATR)], diffuse reflection, and photoacoustic spectroscopy.
Each of the major approaches is presented below.
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Transmission Measurements
The alkali–halide disk and mulling procedures are the traditional mid-IR transmission sample
presentation methods for materials that are in the form of a finely divided powder, as is the
case for many drug substances and excipients. During preparation of a sample suitable for IR
spectrometry, the powdered material is uniformly dispersed throughout either the alkali halide or
mulling agent, which acts as a support matrix for the analyte. Other procedures by which
transmission spectra can be acquired include the use of solutions and compression cells. Neat
compounds can be examined in a compression cell, as a self-supporting film (for polymers), as a
capillary film between the IR-transparent cell windows (for liquids and semisolids), and as a gas.
The ratio of the single-beam spectrum of the sample and an appropriate background spectrum
at a given wavenumber, , is known as the transmittance, T-( ). In most prism or grating
spectrophotometers, the transmittance spectrum is output directly. For spectra measured on a
Fourier transform-IR (FT-IR) spectrometer, the two single-beam spectra are measured at
different times and are ratioed subsequently. An appropriate background spectrum should be
measured. For KBr disks and mineral oil mulls where the diameter of the sample is usually
greater than that of the focused beam, the background should be measured with nothing in the
sample compartment. If the sample diameter is smaller than that of the beam, the empty
sample holder should be in place when the background spectrum is being measured. Similarly,
the background for measurements made with an IR microscope should be measured with the
same aperture as is used to measure the sample spectrum. For the measurement of ATR
spectra, the background spectrum should be the clean internal reflection element.
Because transmission spectra of nonscattering samples obey the Bouguer–Beer–Lambert Law
(usually abbreviated to Beer’s Law), the transmittance commonly is converted to absorbance, A
( ), i.e., log10 1/T ( ). Beer’s law states that the absorbance of component i at wavenumber,
Ai ( ), is the product of the absorptivity of i at that wavenumber, ai ( ), the path length of
the sample, b, and the concentration of i, c i. The measured absorbance of a mixture at each
wavenumber is the sum of the absorbances of each component of the mixture.
KBr Disks
Certain powdered alkali halides, such as KBr, KCl, and CsI, coalesce under high pressure and
can be formed into self-supporting disks that are transparent to mid-IR radiation. The alkali
halide most commonly used is powdered, dry, highly pure KBr, which is transparent to mid-IR
radiation to approximately 400 cm 1. From this point, alkali–halide disks will be referred to as
KBr disks even though they can be made with other alkali halides such as KCl and CsI. IR
spectroscopic-grade KBr with a particle size of 100–200 mesh (about 100 µm in diameter) can
be purchased commercially. Nonspectroscopic-grade material may contain impurities with
absorption bands in the mid-IR region. One of the more common impurities is KNO3 , which has a
sharp absorption band at approximately 1378 cm 1. Powdered KBr has a tendency to adsorb
molecules from the air over a long period of time, so it must be stored properly. If the KBr is not
dry, its spectrum exhibits a broad absorption band caused by adsorbed water at approximately
3400 cm 1, along with a weaker band near 1640 cm 1.
Commercial presses and dies in a range of diameters are available for the preparation of alkali–
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halide and similar disks. The most common diameter of KBr disks is 13 mm, but mini-disks with a
diameter as small as 0.5 mm can be prepared using commercially available presses. Follow the
manufacturer’s recommended procedures for operating the disk-making accessory and the
press.
Typically, the weight ratio of sample to alkali halide is on the order of 1 part of the sample to
100–400 parts of KBr. An optimal procedure for preparing a 13-mm diameter disk is to pregrind
the sample to a fine particle size in a mullite or agate mortar. A vibrating agate or steel ball mill
also can be used. Then 1–2 mg of the ground sample are weighed and transferred to a clean
mortar (or vial). A weighed amount of dry ground KBr powder (300 mg) is then added and mixed
gently with the analyte to form a homogeneous mixture. The optimum way of achieving
homogeneity is to add about 10 mg of ground KBr to the sample in a mortar and then to gently
mix with the pestle. This is followed by successively adding doubled quantities of the KBr (i.e.,
approximately 20, 40, 80, and 160 mg) with mixing after each addition. The applied pestle
action should induce good mixing with minimal grinding because further reduction of the KBr
particle size will lead to increased water absorption. (If the mixing is done in a vial, then the
mixing time is shortened.) The mixture of KBr and analyte is then transferred completely to a
clean 13-mm die, which is filled and assembled according to the manufacturer’s instructions.
When the die is connected to a rotary vacuum pump, evacuate for about 2 min. The die (still
under vacuum) is placed in a hydraulic press, and a pressure of about 800 MPa (10 tons for a
13-mm disk) is applied to form the disk. Discard any disk that visually shows lack of uniform
transparency or exhibits poor transmittance at about 2000 cm 1. Faulty, unsatisfactory, or
poor-quality disks may be a consequence of inadequate or excessive grinding,
moisture/humidity, impurities in the dispersion medium, or insufficient reduction of the particle
size.
Mulls
To prepare a mull, homogeneously distribute the finely divided powder sample in a thin layer of
a viscous liquid that is semi-transparent to mid-IR radiation and has a refractive index closely
matched to that of the sample. The prepared mull is sandwiched between a pair of mid-IR–
transparent windows, and a transmission spectrum of the mull preparation is recorded. The
mull, which should have the consistency of a paste, is formed in such a manner as to minimize
radiation scattering effects (radiation scatter from particles is worse when there is greater
mismatch between the refractive index of the dispersant and surrounding medium). The
sandwich can be clamped together in a mull cell. Commercial mull cells are available for both
macro- and micro-preparations.
The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon mineral oil
(liquid paraffin, Nujol). This material has strong absorption bands of 3000–2800 cm 1 and of
1500–1340 cm 1, and a weaker band at 720 cm 1 that may obscure the absorption bands of
the sample in these regions. In this case, a mull may require preparation in a chemically
different oil. This can be achieved by the use of a perhalogenated oil mulling agent such as
hexachlorobutadiene or chlorofluorocarbon. Combining the spectra of the sample prepared in
the two mulling oils and ignoring the regions where one of them has strong absorption bands
enables observation of the full mid-IR absorption spectrum with minimal interference.
For the preparation of a mineral oil mull, the particle size of the sample must be reduced to
below that of the shortest wavelength of the interrogating radiation (2.5 µm) in order to
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minimize light-scattering effects that decrease spectral contrast and cause band distortions.
The spectrum from a coarse powder or one that is poorly ground will show a high degree of
scatter that is manifested as a sloping baseline that decreases toward shorter wavelengths
(higher wavenumbers). Also, a coarser powder will increase the Christiansen effect, which is
caused by reflection from the interface between materials of different refractive index. The
refractive index of materials with strong absorption bands varies in a way that is similar to the
first derivative of the profile of the absorption band—a phenomenon that is referred to as
anomalous dispersion. The Christiansen effect is manifested as a transmission increase on the
short-wavelength (high-wavenumber) side of an absorption band with a concomitant decrease
on the longer wavelength side. Furthermore, a coarse, poorly dispersed powder can lead to a
severely distorted mid-IR spectrum in which the relative intensity of the weaker bands is
enhanced and the intensity of the more intense bands in the spectrum appears weaker and
distorted. These effects are a consequence of radiation that has reached the detector but has
not been transmitted through a representative sample of the analyte. Similar effects can be
seen in the spectra of poorly prepared KBr disks.
During the preparation of mulls and KBr disks, some work is done on the analyte, either in the
form of grinding, mixing, or pressing, and consequently there is the potential to induce solidstate form transformations. Although laboratory mechanical mills can produce powders with a
small particle size, hand grinding using a mortar and pestle usually achieves better control and
less aggressive processing for organic pharmaceutical materials. Practitioners generally accept
that of the two procedures, the mull procedure is the less aggressive and is less prone to
induce solid-state form changes such as changes in the crystallinity (polymorphism) or changes
in the hydration or solvation state (pseudopolymorphism). The KBr disk procedure does,
however, have advantages over the mull presentation method because KBr exhibits no
absorption bands above 400 cm 1 (neglecting any adsorbed water or impurities) and is better
adapted to micro-sample preparations. When the sample is a salt, as is frequently the case for
active pharmaceutical ingredients (APIs), ion exchange can occur between the analyte and
alkali halide, and the sample is better prepared as a mineral oil mull.
Compression Cells
The use of a compression cell has become a popular sampling procedure for recording a mid-IR
transmission spectrum of a small or limited-quantity solid sample such as a single particle of an
API or excipient, a contaminant such as a short length of fiber, or a small fragment from a
packaging material. This is particularly the case for investigations using an IR microscope
system. Type IIa diamonds are quite transparent over much of the mid-IR region, although they
exhibit fairly strong absorption between approximately 2000 and 2400 cm 1. Because of the
high strength of diamond, it is commonly used as the window material of compression cells. The
sample is placed between the diamond windows of the cell, the cell is then tightened, and the
sample thickness is reduced to an optimum for a transmission measurement. The compressed
sample can be examined while it is contained within the compression cell.
Self-supported Polymer Films
The mid-IR transmission spectrum of many polymers used as packaging materials can be
recorded from samples prepared as thin self-supporting films. Films of appropriate thickness can
be prepared by, for example, hot compression moulding a sample or microtoming a thin section

PF 37(5): Sep.-Oct. 2011

113

from a sample. Soft and low-melting solids that do not crystallize when cooled can be prepared
either as a thin layer sandwiched between two mid-IR–transparent windows by gently warming
the sample or from the melt. Thin films from some materials can be cast from solution onto an
IR-transparent window.
Capillary Films
Nonvolatile liquids can be examined neat in the form of a thin layer sandwiched between two
matching windows that are transparent to IR radiation. The liquid layer must be free of bubbles
and must completely cover the diameter of the IR beam focused onto the sample.
Liquids and Solutions in Transmission Cells
For the examination of liquid and solution samples, transmission cell assemblies that comprise a
pair of windows constructed of mid-IR–transparent materials such as KBr spacers, filling ports,
and a holder are available commercially in both macro- and micro-sample configurations. They
can be sealed, semi-permanent, or flow-through. A wide range of standard thickness spacers
and window materials is available. For laboratory applications, spacers typically are formed from
lead, poly(tetrafluoroethylene), or poly(ethylene terephthalate) and can be supplied, depending
on spacer materials, in standard thickness path lengths from approximately 6 µm–1 mm or
larger.
The optimum path length required for examining a particular liquid or solution usually must be
determined empirically and depends on its absorption characteristics and whether the
application is qualitative or quantitative. In some instances for qualitative work, transmission
cells can be replaced with disposable porous media such as polyethylene or
poly(terafluoroethylene) mounted on a suitable backing.
Gases
Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a
wide range of materials to suit the application, from laboratory to process scale. In the
laboratory, the traditional gas cell has been a 10-cm long cylinder made from borosilicate glass
or stainless steel with an aperture of about 40 mm at each end. Each open end is covered with
an end cap that contains one of a pair of mid-IR–transparent windows constructed from, for
example, KBr, ZnSe, or CaF 2 . The cell body is fitted with appropriate inlet and outlet ports. For
the detection of gases at the ppm level, long-path length cells constructed from borosilicate
glass or metal are used. These cells can be of fixed path length of up to about 2 m or of
variable path lengths of 10–200 m. Gas cells can be jacketed and operated at temperatures up
to 250 or greater, and their pressure ratings can range from vacuum to more than 50
atmospheres.
Attenuated Total Reflection Spectroscopy
Attenuated total reflection (ATR) spectroscopy, alternatively known as internal reflection
spectroscopy or evanescent wave spectroscopy, has become a widely used procedure. This is
largely a consequence of a new generation of simple-to-use single-reflection accessories.
ATR spectroscopy relies on the optical property that radiation passing through a medium of high
refractive index, n2 [the optically dense medium, also known as the internal reflection element
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(IRE)], at an angle of incidence greater than the critical angle will be totally internally reflected
at a boundary in contact with a material of lower refractive index, n1 (the optically rare
medium). The critical angle, C, is given by n1 /n2 . The electric field of the radiation penetrates
a short distance into the optically rare medium. The intensity of this electric field, which is
known as the evanescent wave, is confined within the vicinity of the surface of the denser
medium. Its intensity decreases exponentially with distance, normal to the surface, into the
optically rare medium. It can, therefore, be envisaged as penetrating the surface layer of the
rarer medium. The depth of penetration, dp, is a convenient comparative term for different
experimental arrangements. It is the distance from the surface of the IRE at which the
amplitude of electric field amplitude falls to 37% (1/e) of its value at the surface:

where 0 is the wavelength of the radiation in vacuum, is the angle at which the beam
strikes the internal surface of the IRE, and n12 = n2 /n1 . Note that, to achieve total internal
reflection, must be greater than C, so that n2 is usually greater than 2.3. Some of the more
commonly used IRE materials are the following: ZnSe (n2 ~ 2.4), Type IIa diamond (n2 ~ 2.4),
Si (n2 ~ 3.4), and Ge (n2 ~ 4.0). Furthermore, dp decreases with increasing angle of incidence
and increases with increasing wavelength (decreasing wavenumber). As a consequence of the
increase in dp with increasing wavelength, the band intensities within an ATR spectrum appear
—by comparison with a conventional transmission spectrum—to be relatively increasingly
enhanced with decreasing wavenumber.
Furthermore, the refractive index of all molecules is not constant and varies across absorption
bands (anomalous dispersion). For strong absorption bands, n1 can vary between approximately
1 and 2. This effect causes a shift in the measured wavenumber of a band with respect to
transmission spectra. Particularly when equipment is operating at high angles of incidence or
with an IRE with a low refractive index such as ZnSe or diamond, strong bands also may be
accompanied by the appearance of an underlying first-derivative–like shape (see above for a
discussion of the Christiansen effect in KBr disks).
Many different geometrical shapes and sizes are used for IREs. A trapezoidal IRE commonly is
incorporated into so-called horizontal ATR (H-ATR) units. Hemispherical IREs are the core of
some micro-sampling ATR accessories. Rod or rod-like multiple internal reflection IREs often are
used for on-line monitoring of liquid processes.
Multiple internal reflection (MIR) elements allow the internally reflected radiation in the IRE to
interact several or many times with the surface layer of the sample with which it is in contact,
thereby increasing the intensity (effective path length) of the recorded sample spectrum. Still,
the spectrum recorded is characteristic only of the depth probed by a single reflection. The
number of internal reflections depends on the length and thickness of the IRE. MIR elements
may be several centimeters in length. A typical configuration for a vertically mounted 45 angle
of incidence IRE may allow 25 internal reflections. Today the most commonly used MIR systems
in the pharmaceutical laboratory are those in which the IRE is mounted horizontally. These
often are referred to as H-ATR accessories. MIR systems based on cylindrical rods with coneshaped ends or similar geometries often are incorporated as liquid-sampling devices in flowthrough solution cells or are used for on-line process monitoring. The trapezoidal-shaped MIR
elements incorporated into H-ATR accessories enable or facilitate study of a wide range of
sample forms, including liquids, solutions, dispersions, creams, pastes, waxes, semi-solids and
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soft powders, continuous flat surface solids, solutions, films cast from solution, and many more.
Micro- and macro-H-ATR accessories are commercially available with 1, 3, 9, or more sampleinteraction reflections.
Single-reflection, simple prism, and novel design IREs also are used in commercial H-ATR units.
They provide an effective and convenient means of analyzing and studying samples in a diverse
range of physical forms. In particular, small contact area, single-reflection, fixed angle of
incidence H-ATR accessories have become popular no-preparation sampling devices within the
pharmaceutical industry because they provide a ready means to record in a simple, quick
manner a mid-IR spectrum from a limited quantity of almost any condensed-phase material.
Hemispherical IREs act as focusing lenses so that the area sampled generally is smaller than
that sampled with prismatic IREs. Even though the IRE may be opaque to visible light, many
accessories listed above allow some form of viewing capability so that the sample under test
can be inspected.
Single-reflection micro-ATR units have the advantage of virtually no requirement for a solid
sample to have a uniformly flat surface. The test sample is placed in contact with the IRE
sampling area and, if it is a solid, a clamp is used to compress and secure the sample against
the IRE. Hemispherical ATR elements of ZnSe, Ge, and Si also form the sensing elements for
ATR objectives that can be fitted to mid-IR FT-IR microscopes. Several of the accessories are
capable of operation at controlled elevated temperatures that permit, for instance, studies
relating to thermally induced, solid-state form transformations.
The hardness, scratch resistance, chemical inertness, and mid-IR transparency over a wide
wavenumber range make Type IIa diamond a unique material for ATR measurements. Even
though it does have a broad absorption feature between approximately 2400 and 2000 cm 1,
for most pharmaceutical applications this is not prohibitive because this is the region in which
only characteristic stretching bands occur for triple and cumulated double bonds. Because of
cost, the use of Type IIa diamond as an IRE material usually is restricted to micro-ATR
accessories or when the IRE is used as the sensing element in an ATR immersion probe for
process monitoring. Diamond has a refractive index that is closely matched to that of ZnSe, so
composite IREs can be constructed. Lower-cost focusing or support optics made from ZnSe
can be optically interfaced with a Type IIa diamond ATR sensing element, thereby minimizing
the overall cost of the IRE while still benefiting from the properties of the diamond. On the basis
of this technology, 3- and 9-reflection MIR configurations have been designed for both
laboratory systems and process probes.
External Reflection Spectroscopy
Several types of external reflection IR spectra can be measured. Among them are Fresnel
reflection, transflection, reflection-absorption spectroscopy, and photoacoustic spectroscopy,
but with the exception of diffuse reflection they are not widely used in pharmaceutical
applications.
Diffuse Reflection
Spectra recorded from powders or fairly fine granular samples are known as diffuse reflection
(DR) spectra. Most of the spectrum originates from radiation that has penetrated through the
surface of the sample and has been transmitted through multiple particles. A relatively small
fraction of the DR spectrum originates from radiation that has been reflected from the front
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surface of the samples and therefore has the shape of a Fresnel reflection spectrum. Because
the shapes of bands in mid-IR Fresnel reflection spectra are asymmetrical, the fraction of
Fresnel reflection that contributes to a DR spectrum should be as small as possible. This may be
achieved in a number of ways, the most important and commonly used of which is to dilute the
sample by mixing it with 90%–99% of a nonabsorbing diluent such as finely powdered KBr or
KCl. The sample dilution has the added benefit of reducing absorption band intensities to an
appropriate level.
DR spectra largely result from photons that have been transmitted through tens to hundreds of
particles and, therefore, have an appearance similar to that of transmission spectra. DR spectra
do not obey Beer’s Law, however. Instead, the DR spectrum measured at infinite depth, R
(i.e., band intensities do not change if the thickness of sample is increased) is converted to the
Kubelka–Munk function:

The function f (R ) is equal to the ratio of the absorption coefficient to the scattering
coefficient of the sample. DR usually is calculated by taking the ratio of the single-beam
spectrum of the diluted sample to the single-beam spectrum of the neat diluent. Ideally, the
sample is ground to the point that the average particle diameter is <5 µm. The sample–diluent
mixture is thick enough that any increase in its thickness does not lead to a change in the
spectrum. Samples measured in this way are said to be measured at infinite depth, and the
reflectance is given the symbol R . For mid-IR DR spectrometry, the infinite depth criterion
usually is obeyed when the thickness is at least 100 µm, but to be conservative the depth of
most sampling cups for mid-IR DR spectrometry is at least 1 mm.
A common way of preparing samples for DR spectrometry is to overfill the cup and to level the
sample with a spatula or razor blade. However, this way of preparing the sample can lead to a
difference between the scattering coefficient near the surface and in the bulk of the sample.
Because the intensity of DR spectra depends on the scattering coefficient, a better sample
preparation procedure is to slightly overfill the cup and to tap the base of the cup on a bench
until the top surface is level with the rim of the cup.
Several types of accessories are used for the measurement of DR spectra. On-axis, or brightfield, DR accessories are similar to very efficient specular reflection accessories. They are the
most efficient devices for the measurement of DR spectra but generally give the least rejection
of Fresnel reflection. Off-axis, or dark-field, DR accessories are less efficient than on-axis
devices but reject specular reflection more efficiently. Compound parabolic concentrators also
have been adapted for DR measurements and appear to be intermediate in efficiency and
Fresnel reflection between on-axis and off-axis accessories. Finally, integrating spheres have
been used for DR spectrometry. These devices are the most accurate photometrically but are
the least efficient.
MICROSPECTROSCOPY AND IMAGING
Transmission Microscopy
In any microscope, the area of a sample under study is defined by one or more remote masking
apertures mounted at focused image planes conjugate to the sample focus plane. If the sample
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is mounted on a computer-controlled x–y stage, then successive neighboring or specified
regions can be measured sequentially. These single-point spectra can be used to generate
absorbance-intensity contour maps or false-color images that highlight differences or
inhomogeneities across the area mapped. Such maps also can be generated by moving the
sample manually, but this procedure can be very time consuming. The linear dimension of the
smallest sample that can be studied by mid-IR FT-IR microscopy is approximately equal to the
wavelength, i.e., approximately 10 µm. In practice, one usually can record a single-point
spectrum of acceptable signal-to-noise ratio and spectral resolution within a reasonable timescale from a masked sample area of 10-µm diameter in about 1 min. For mapping over a
relatively large sample area, where hundreds or even thousands of spectra are needed, a much
more time-efficient process is to use an FT-IR microscope equipped with an array detector.
Variable-temperature studies with thermomicroscopy observations and variable-temperature
studies undertaken on an FT-IR microscope can be particularly useful for studying solid-state
form and thermally induced transitions in situ.
As with macroscopic sampling, micro-samples presented for transmission FT-IR microscopy
measurements should be flat. For a full mid-IR fingerprint spectrum, they should be of an
appropriate thickness, which in the case of many APIs may require a sample of approximately
10-µm thickness or less. Compression cells are particularly useful for thinning a sample. A
thinned sample can be examined under compression or (less preferably) with the top window of
the cell removed and the thinned sample examined while supported on the bottom window. A
good practical means of providing an appropriate sample from which to record a single-beam
background spectrum is to mount a small particle of KBr alongside the sample and thin both by
compression under the same conditions. The single-beam spectra of the sample and reference
materials then can be measured under the same conditions simply by moving the compression
cell using the x–y stage of the microscope.
Many continuous solids such as polymers used in packing or fibers found as contaminants can
be prepared to an appropriate thickness and examined in a compression cell by FT-IR
microscopy. Rolling with a tool specifically designed for this purpose also can sometimes
decrease the thickness of soft samples. Laminated samples can be sectioned using a microtome
and can be examined either free-standing or supported on an IR-transparent window. Analysts
commonly microtome a cross-section from a multi-layer polymer laminate film so that its layer
structure can be analyzed by FT-IR microscopy.
Reflection Microscopy
All major types of reflection spectroscopy discussed above can be implemented on
microscopes. Most microscopes have optical configurations that enable them to be switched
from transmission to reflection measurements if the operator switches a simple flip mirror. The
angle of incidence for these measurements usually is between 30 and 45 so that both Fresnel
reflection and transflection measurements can be carried out easily. In contrast, special
microscope objectives are required for ATR or reflection–absorption spectrometry.
For ATR microspectroscopy, the sample under investigation is supported on the microscope
stage, and the ATR objective is lowered until the IRE is in optical contact with the uppermost
surface of the sample. Reproducible contact pressure can be achieved by the use of a pressure
gauge. A disadvantage of using a Ge IRE is that, unlike ZnSe, it does not transmit visible light,
which precludes in situ visual inspection of the sample. ATR mapping using a computercontrolled mapping stage in a manner analogous to that of transmission mapping also is
possible, but this usually is restricted to soft materials.
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Hyperspectral Imaging
The term hyperspectral imaging came into use to describe the process whereby a focal plane
array (FPA) detector is used to record simultaneously an array of spectra from a stationary
sample. Each pixel of the array records a spectrum of a different region of the sample. This
approach is a much more time-efficient process than single-point mapping if many spectra are
measured from a large sample area. Typical array sizes for mid-IR applications are 256 × 256,
128 × 128, and 64 × 64. The individual mercury cadmium telluride (MCT) detector elements
(pixels) of most FPAs are 6.25 µm × 6.25 µm. The detectors that are incorporated in the FPA
are photovoltaic (PV) detectors, unlike the single-element photoconductive (PC) MCT detectors
that are used for many FT-IR measurements (see below). Whereas PC MCT detectors operate
at least to 750 cm 1, PV detectors that are installed in FPAs typically have a low wavenumber
cut-off in the region of approximately 900 cm 1. Limitations in digital electronics in the mid1990s restricted use of these arrays to FT-IR spectrophotometers operating in a step-scan
mode. Today, advances in digital electronics and FPA design enable 64 × 64 MCT FPAs to be
used with an FT-IR spectrophotometer operating in the more conventional continuous-scan
mode. The three-dimensional array of data sets, two spatial and one spectral, recorded in such
an imaging measurement has become known as a hypercube or data cube.
An alternative way of hyperspectral imaging that is now commercially available is a hybrid
approach in which a linear array of small PC MCT detectors is used in combination with a
computer-controlled mapping stage. Adjacent regions are rapidly repositioned under the array
detector until the full spatial region of interest has been covered. The full field image is built up
as a mosaic of the individual area images recorded. In one system, which incorporates a 16detector linear array, the lower wavenumber cut-off is approximately 700 cm 1.
INSTRUMENTATION
The majority of mid-IR spectra are measured with an FT-IR spectrophotometer. These
instruments generally incorporate an incandescent silicon carbide (Globar®-type) source. The
radiation emitted by the source is collimated and passed into a continuous scanning two-beam
interferometer. The rate of change of optical path difference in the interferometer (usually
known as the optical velocity) typically is on the order of 0.2–5.0 cm·s 1. The actual value
depends on the detector and the analog-to-digital converter (ADC). The beam emerging from
the interferometer then is focused at the center of the sample compartment of the
spectrophotometer by an off-axis paraboloidal mirror. After being transmitted through, or
reflected from, the sample, the beam is focused onto the detector. This signal is called an
interferogram. The interferogram is a record of the variation of the AC component of the
energy incident on the detector as a function of the optical path difference (retardation) of the
interferometer. The Fourier transform of the interferogram is the single-beam spectrum.
The measurement usually involves passing a laser beam through the center of the
interferometer, with the resulting sinusoidal interferogram measured by a detector of visible
radiation at the same time the IR interferogram is measured by the IR detector. The usual laser
used for this purpose is a helium–neon (HeNe) laser with a wavelength of 632.8 nm (15,802 cm
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1).

This laser interferogram allows the exact position of the moving optical element in the
interferometer to be determined. In FT-IR spectrophotometers equipped with an externally
triggerable ADC, the IR signal is digitized at each wavelength of the laser interferogram,
typically at the zero crossings. If the IR interferogram is sampled once per wavelength of a
HeNe laser, the spectral range is restricted to 0–7901 cm 1, i.e., one-half the wavenumber of
the laser. In some contemporary FT-IR spectrophotometers a sigma-delta ADC is used. These
ADCs sample the interferogram at constant time intervals rather than at constant intervals of
optical path difference, but they have a greater dynamic range than do externally triggered
ADCs. In the latter case, the instrument’s software calculates what the value of the
interferogram would have been at the laser zero crossings.
In obtaining the spectrum of a sample, the single-beam spectrum of the sample and an
appropriate reference are measured, and the ratio of these two single-beam spectra is
calculated. If the spectrum is obtained in the transmission mode, the ratio is known as the
transmittance spectrum, T( ). For many measurements, the negative logarithm of T( ) is
calculated to give the absorbance, A( ). If the sample is interrogated in the reflection mode,
the ratio is the reflectance spectrum, R( ). For ATR, transflection and reflection–absorption
measurements, R( ), usually are converted to absorbance in the same way as for transmission
spectroscopy. Conversion to A( ) is essential for quantitative measurements. For Fresnel
reflection measurements, R( ), is often subjected to a Kramers–Kronig transformation to yield
the absorption index spectra, k( ), and the refractive index spectra, n( ). For mid-IR diffuse
reflection measurements, R( ), usually is converted to the Kubelka–Munk function (see
Equation 4).
The standard detector used in FT-IR spectrophotometers is a room-temperature pyroelectric
bolometer, most commonly deuterated triglycine sulfate (DTGS) or deuterated l-alanine-doped
triglycine sulfate. These detectors respond to IR radiation of all wavelengths, and their low
wavenumber cut-off is determined by the window behind which they are mounted. The window
typically is selected to match the material on which the beamsplitter is deposited and is usually
KBr, so that the range is restricted to 400 cm 1.
When the sensitivity of pyroelectric bolometers is inadequate, e.g., for measurements made
through a microscope or with a gas chromatography interface, the more sensitive MCT detector
is used. MCT detectors generally are operated in the photoconductive mode and usually are
cooled to 77 K with liquid nitrogen (LN2 ). Thermoelectrically cooled MCT detectors are
available, but their low wavenumber cut-off is usually well above 1000 cm 1, and they are not
as sensitive as LN2 -cooled MCT detectors. Liquid nitrogen-cooled indium antimonide (InSb)
detectors also can be used. These detectors are more sensitive than MCT but have a cut-off
at 1800 cm 1.
Two problems with MCT detectors should be noted. First, because they are more sensitive than
DTGS detectors they should be used only when the sample or sampling accessory attenuates
the beam by at least a factor of 10. Otherwise the ADC will be overloaded and the photometric
accuracy of the spectrophotometer will be seriously affected. If the instrument is equipped only
with an MCT detector (a rare circumstance), a neutral-density filter can be mounted in the
spectrophotometer beam to reduce the energy of the beam at the detector to an appropriate
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level. Second, even when the ADC is not saturated, the response of MCT detectors often is
nonlinear at high signal levels near the centerburst of the interferogram. The effect of this
nonlinearity is to cause the baseline of the calculated single-beam spectrum to be displaced
from zero. This effect can be seen readily when one plots the single-beam spectrum between 0
and 4000 cm 1. If the average energy in the single-beam spectrum between, for instance, 400
and 300 cm 1 is above or below zero, the detector is responding in a nonlinear manner in the
region of the centerburst, and the photometric accuracy of the measurement is degraded
concomitantly. Some vendors supply software to correct for this effect, but in general the
signal should be reduced by inserting a neutral-density filter, not an aperture stop, in the
beam.
ANALYTICAL CONSIDERATIONS
Factors That Affect Spectral Resolution
The main factor that affects the resolution of an FT-IR spectrophotometer is the maximum
optical path difference of the interferogram. The nominal resolution, D , is the reciprocal of the
maximum optical path difference.
The divergence angle of the beam passing through the interferometer also may degrade the
resolution. The effective collimation of the beam that passes through the interferometer is
determined by the limiting aperture of the optical system. In instruments designed for high
resolution (D >0.5 cm 1), an adjustable aperture that serves the same purpose as the
entrance aperture of a monochromator is installed at a focus between the source and the
interferometer. As the desired resolution is increased (i.e., D is made numerically smaller), the
diameter of this aperture, which is known as the Jacquinot stop or J-stop, is decreased, making
the divergence angle of the beam in the interferometer smaller. In lower resolution instruments
(typically those with a maximum resolution of 1 or 2 cm 1), the detector serves the purpose of
the Jacquinot stop.
If the true full-width at half-height of the bands or lines in the spectrum is less than D , side
lobes are seen on each narrow spectral feature. These side lobes can be eliminated by
apodization, i.e., multiplying the interferogram by a function that is equal to 1 at the
centerburst and decays monotonically with optical path difference. Besides reducing the
amplitude of the side lobes, apodization also has the effect of degrading the resolution
(broadening the bands). When an interferogram is not weighted, it is often (incorrectly) said to
be apodized with a boxcar apodization function, although a better term would be a boxcar
truncation function. The selection of apodization function should be made on the basis of the
purpose of the experiment, but it is usually limited to a few choices.
The Norton–Beer weak, medium, and strong apodization functions give the optimum combination
of side-lobe amplitude for a loss in resolution of 20%, 40%, and 60%, respectively. The Norton–
Beer medium apodization function generally is appropriate for many measurements of
condensed-phase samples. The Happ–Genzel apodization function is also a nearly optimal
function that degrades the resolution by about 50% (i.e., it is midway between the Norton–
Beer medium and strong functions). The only other commonly used function is the triangular
apodization function. This is a non-optimal function that has the effect of causing significant
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deviations from Beer’s law and is not recommended.
FACTORS THAT AFFECT PHOTOMETRIC AND WAVENUMBER ACCURACY
FT-IR spectrophotometers are intrinsically very precise in both the ordinate and abscissa
scales. They are not always very accurate, however.
Wavenumber Accuracy
The main factors that affect wavenumber accuracy are the alignment of the laser and IR
beams in the interferometer and the divergence of the beam passing through the interferometer
as observed at the IR detector. One might think that because the wavenumber of the laser
beam is known very accurately, the wavenumber scale of a spectrum measured on an FT-IR
spectrophotometer should be known to equal accuracy. However, the laser beam is highly
collimated, whereas the beam from the IR source is not (a collimated beam can be obtained
only from a point source). Because both the source and detector have a finite size, equal
accuracy (of the wavenumber of the laser beam and the wavenumber scale of the spectrum
measured) is never the case. As the diameter of the Jacquinot stop is decreased, a small
wavenumber shift (always less than 0.25 D ) will be observed. When the diameter of a sample
is less than the diameter of the beam focus in the sample compartment or the sampling
accessory, the effect is also to vignette the beam (i.e., to stop the beam down), and a small
wavelength shift will be observed.
The best wavenumber standard for FT-IR spectrophotometers may be a sheet of polystyrene
film with a thickness of about 35 µm. Matte films are strongly recommended because
interference fringes are minimized. The National Institute of Standards and Technology provides
a matte polystyrene film standard that lists the wavenumbers of several narrow bands.
Recommended bands are at 3060.0, 2849.5, 1942.9, 1601.2, 1583.0, 1154.5, and 1028.3 cm 1
with a tolerance of ± 1.0 cm 1.
When the wavenumbers of band maxima are measured, take care to use appropriate software.
The spectrum typically is calculated with 2 points per resolution element; i.e., the interval
between data points is 0.5 D . Thus the wavenumber of the maximum data point in the
spectrum is known only to an accuracy of ±0.25 D . This can be improved upon by
interpolation, but the wavenumbers of absorption bands are more precisely determined by
either polynomial fitting or calculation of the band's center of gravity.
Photometric Accuracy
The main factor that affects the photometric accuracy of FT-IR spectrophotometers is the
linearity of the detector response. As noted above, the response of pyroelectric bolometers
usually varies linearly with the energy on the detector, but this is not the case for MCT
detectors. With MCT detectors, the best way of detecting photometric error is measurement of
the nonphysical energy in the single-beam spectrum below the detector cut-off.
Beer's Law Linearity
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For quantitative measurements, the spectrum is measured at a resolution that is at least twice
as narrow as the narrowest band in the spectrum. The use of either the Norton–Beer medium or
Happ–Genzel apodization function is recommended. For optimal photometric accuracy the
maximum absorbance of the analytical bands is no greater than 1.0 absorbance unit. Higher
absorbance values can be tolerated with certain combinations of resolution and apodization
functions. The effect of band width and peak absorbance on Beer’s Law linearity for strong
bands depends on resolution and apodization function and should be validated on a case-bycase basis.
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ULTRAVIOLET-VISIBLE SPECTROSCOPY—THEORY AND PRACTICE
THEORY

Ultraviolet-visible (UV-Vis) spectroscopy is an electronic transition spectroscopic technique in
which the interaction between incident radiation and electrons results in the promotion of one
or more of the outer or the bonding electrons from a ground state into a higher-energy state.
This quantum effect results in a specific absorption of radiation, the frequency and wavelength
of which are governed by the equation:
E =h

= (hc/ ) × 109

where:
E = energy
h = Planck's constant (6.63 × 10-34J·s)
= frequency (Hz), related to the energy change DE, induced when electromagnetic
radiation is absorbed (DE = h per photon)
c = velocity of light (2.998 × 108 ms-1)
= wavelength (nm)
Even the simplest molecules have a large number of discrete energy levels and closely spaced
levels adjacent to them caused by atomic vibration within the molecule. Overlap of these
vibrational bands onto the electronic spectrum causes the measured spectra to appear as a
broad, bell-shaped peak. As a general rule, most molecules absorb somewhere in the UV-Vis
region. The greater the extent to which the p electrons are delocalized, the longer the
wavelength of the first absorption band, i.e., the band of lowest energy and longest
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wavelength.
Derivative Spectroscopy
The advantages of derivative spectroscopy as an analytical tool have been known since the
1950s. Before the availability of the personal computer, generating derivative spectra
electronically was complex and difficult, and for this reason the technique was rarely used. The
introduction of microcomputers in the late 1970s simplified the generation of digital spectra and
the associated mathematical manipulations required to produce first- and higher-order
derivatives. This significantly increased the use of the derivative technique.
Derivative spectroscopy uses first or higher derivatives of absorbance (A) with respect to
wavelength for qualitative analysis and for quantitation where:
A = f( ) Zero order
A/
2A/

= f ¢( ) First-order derivative
2

= f ¢¢( ) Second-order derivative

Figure 1. A Gaussian absorption band and its first to fourth derivatives.
A first-order derivative is the rate of change of absorbance with respect to wavelength (Figure
1). A first-order derivative starts and finishes at zero. It also passes through zero at the same
wavelength as max of the absorbance band. On either side of this point are positive and
negative bands with a maximum and minimum at the same wavelengths as the inflection points
in the absorbance band. This bipolar function is characteristic of all odd-order derivatives.
First-order derivatives are used principally for background absorption minimization or elimination
for measurements on turbid, scattering solutions and suspensions and for analysis of trace
components in complex absorbing matrices.
The most characteristic feature of a second-order derivative is a negative band with minimum
at the same wavelength as the maximum on the zero-order band. A second-order derivative
also shows two additional positive satellite bands on either side of the main band. A fourth-
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order derivative shows a positive band. A strong negative or positive band with a minimum or
maximum at the same wavelength as max of the absorbance band is characteristic of the
even-order derivatives.
Higher-order (second and higher) derivatives can be used to:
enhance resolution of overlapping peaks for the separation of superimposed spectra—
particularly useful in multicomponent analysis
assist quantitative determination of trace components
aid characterization of individual pure compounds, particularly for archiving purposes
and for complementing the information obtained from other techniques such as infrared,
nuclear magnetic resonance, and mass spectroscopy
assist in purity testing of products
Note that the minimum number of bands observed is equal to the derivative order plus one.
INSTRUMENTATION
All modern UV-Vis measurements involve detecting and measuring the intensity ratio of the
radiation at a certain wavelength in the presence or absence of the absorbing sample. Figure 2
is a schematic of a double-beam spectrophotometer. Dispersion of light to achieve the desired
resolution can occur before or after introduction of the sample, but all commercial UV-Vis
instruments share the following features to perform these functions:
continuum source
monochromator or polychromator
sampling area
detector

Figure 2. Typical double-beam spectrophotometer.
Care must be taken to ensure that the sample is not degraded by the incident light beam and
that any heating effects are minimized. This is particularly important when diode-array
instruments are used because the sample is irradiated at all wavelengths.
Continuum Source
Two major types of continuum source are currently in use: continuous and pulsed. Continuous
sources include tungsten halogen for visible, deuterium arc for UV, and xenon arc for both. The
source for pulsed radiation is the xenon flash lamp. Many UV-Vis instrument systems use a
combination of deuterium and tungsten halogen to effectively cover the UV and visible regions,
respectively. By necessity, source selection is achieved either by the use of a mirror or by
physical movement of the lamps. This change usually is performed in the region of 320–350 nm,
and thus qualification of the system must be performed using both source and mirror positions.
Systems based on xenon lamps have the benefit of a single source and a higher energy output,
but they are more expensive.
Monochromator
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The wavelength scale can be encoded by either a scanning monochromator or a grating
polychromator, as is the case for spectrophotometers equipped with linear or two-dimensional
array detectors. A discussion of the specific benefits and drawbacks of each of the dispersive
designs is beyond the scope of this general chapter. Any properly qualified instrument should be
suitable for qualitative measurements. Care must be taken when selecting an instrument for
quantitative measurements because dispersion, response linearity, and stray light may not be
uniform across the full spectral range.

Figure 3. Grating monochromator.
Sampling Area
Numerous sampling arrangements are available in addition to the cell holders that are designed
to accommodate various path-length configurations based on conventional rectangular cells.
These include flow cells, fiber-optic-based immersion probes, micro-well plate configurations,
and automated sample changers, among others. Considerations such as sampling volume, speed
of measurement, and reproducibility of sample presentation should be evaluated to optimize the
sampling device for specific applications.
Detector
Photoelectric detectors, which are the most common form of UV-Vis detectors, generate an
electric current that is directly proportional to the intensity of the radiant energy incident upon
them. They may take the form of photosensitive semiconductor devices, either discrete
detectors, linear or two-dimensional arrays, or photomultipliers. Photosensitive semiconductor
devices include solid-state photodiodes, charge-coupled device arrays (CCDs), and
phototransistors. The most common semiconductor material is silicon, which is sensitive to
wavelengths of 400–800 nm, but some silicon devices have extended sensitivity from as short a
wavelength as 190 nm to as long a wavelength as 1100 nm. The dynamic response of these
detectors typically is four orders of magnitude. Most array detectors are made of silicon and
hence have a similar wavelength response. Other semiconductor materials can provide
wavelength response to several micrometers.
In contrast, photomultipliers are vacuum detectors that have a photocathode in which photon
energy releases electrons that are directed by the field applied to electron-sensitive plates. By
a cascade effect, these dynodes amplify the electrons released initially by the absorption of
the incident radiation. Photomultipliers have typical wavelength responses of 160–900 nm,
although some photocathode materials can provide response to higher wavelengths. The
dynamic response of these detectors typically is six orders of magnitude or higher.
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Alternative UV-Vis Detector Configurations
DIODE-ARRAY INSTRUMENTS
In a diode array, the optical configuration is reversed from that in a conventional
spectrophotometer, and the light beam passes through the sample before being dispersed by
the polychromator. This gives the benefit of fast, full spectral data with no moving parts that
can wear out. The perception is therefore that diode arrays are more reliable than other
detectors. This is true, but the reverse-optics design requires that both the sample and optics
before the dispersing element (usually a grating) are subjected to the full-spectrum radiation
also encountered by these components in a conventional spectrophotometer. In a conventional
spectrophotometer, the sample and optics are outside the monochromator, and optical beam
deflection and/or scattering simply reduces the intensity of the light that enters the
monochromator. In an array-based spectrophotometer, deflection occurs within the
monochromator, causing scatter within the confined environment and an associated increase in
stray light that leads to a reduction in optimum photometric range.
HPLC DETECTORS
The design of a UV-Vis spectrophotometer is always the result of a number of considered
compromises. For example, optical performance (absolute wavelength resolution) is governed by
the focal length of the monochromator, which in turn dictates the physical size of the
instrument. In the case of HPLC detectors the need to provide a high-stability, low signal-tonoise ratio output at high transmittance levels through a small-aperture flow cell requires that
by design these systems may not have the dynamic range or wavelength accuracy of their
conventional spectroscopic counterparts.
FIBER-OPTIC-BASED MODULAR SYSTEMS
In recent years there has been a rapid increase in the availability and use of systems built
around the ability of fiber optics to channel and multiplex optical systems. Although these
systems have the advantages of flexibility and ease of use and they allow measurements to be
performed on micro-plates, customized systems, etc., analysts must consider the following
disadvantages:
Some analysts assume that these array-based fiber-optic systems are immune to room
light interference at the sample interface, which may or may not be true. This
assumption is easily tested by using a black photographic film-changing bag or a simple
black cloth. Use of a masking technique should not change the measured value if the
assumption is true.
Custom-built systems do not have additional shuttering, stray light filtering, and other
capabilities that are found in commercially designed spectrophotometers, and thus their
performance characteristics, i.e., the optimum photometric range, may be significantly
reduced.
Light levels transmitted directly down fibers from high-intensity sources such as Xenon
flash lamps may cause photodegradation. In simple self-built systems, the source may
be coupled by fiber directly to the sample interface, and the only control is the source
on/off switch.
CALIBRATION
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UV-Vis instrument calibration involves two components: primary wavelength (x-axis) and
intensity (y-axis), and often is performed when the instrument is initialized. Most dispersive UVVis instruments use atomic emission lines from either the source or a secondary lamp for
primary wavelength (x-axis) calibration, in addition to the zero-order position in the
monochromator. Depending on the vendor's configuration of the instrument, these calibration
procedures may be available to the user. Calibration of the photometric scale (y-axis) is critical
for successful quantitation and method transfer between instruments. Although the
fundamental measurement relies on a simple ratio measurement, modern instruments may use
several gain settings or amplification factors to ensure a linear detector response, particularly
at low intensity levels and high power settings. These gain settings often are initially set by the
manufacturer, but the settings may be recalibrated as the optics age or as other changes take
place.
Detailed functional validation based on certified reference materials is recommended to
demonstrate the suitability of laboratory instruments, even for instruments that posses an
internal calibration capability. The use of external reference materials does not obviate the
need for internal quality control procedures. Rather, it provides independent documentation of
the fitness of the instrument to perform the specific analysis.
ANALYTICAL CONSIDERATIONS
Instrumental Factors
SPECTRAL BANDWIDTH
Because most spectrophotometric procedures require good spectral resolution, the spectral
bandwidth is of great importance. Analysts should use the narrowest slit width that will provide
an adequate signal-to-noise ratio because optimum resolution is achieved when the signal-tonoise ratio is maximized. If access to a variable-bandwidth instrument is available, then the
optimum setting can be defined as the largest bandwidth at which no significant reduction in
peak intensity is observed. In practical terms for molecules of pharmaceutical interest in
solution, a spectral bandwidth of 2 nm is considered adequate.
STRAY LIGHT
Stray radiation, commonly referred to as stray light, can be defined as radiant energy at
wavelengths other than those indicated by the monochromator setting and all radiant energy
that reaches the detector without having passed through the sample or reference solutions. It
may be caused by any scattered radiation from imperfections in the dispersing medium, which
commonly is a grating. The use of a holographic grating substantially reduces the levels of this
source of stray radiation. Higher-quality ruled gratings yield a low level of scattered radiation.
In higher-performance instruments, stray radiation can be reduced by the use of double
monochromators or double-pass monochromators. Stray radiation, or apparent stray radiation,
also may be caused by light leaks in the system, incorrect wavelength calibration, incorrect
optical alignment, reduced source output, or reduced detector response.
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Figure 4. Effect of stray light on measured absorbance.
OPTIMUM WORKING PHOTOMETRIC RANGE
Determination of the optimum photometric range is fundamental to establishing the capability of
a given instrument before and during method validation. The importance of this procedure can
be shown by the fact that in 1945 Vandenbelt et al. (1) attempted to establish the optimum
absorbance range on the then-new Beckman DU spectrophotometer. They suggested a simple
approach in which the molar absorptivities of various compounds are measured at different
concentrations. This approach is shown theoretically in Figure 5, where the center plateau is
used to define the photometric range.

Figure 5. Theoretical photometric response curve.
In practice, data are more variable. Figure 6 shows three typical curves.

Figure 6. Molar absorptivity vs. absorbance for 3 compounds: (a) aqueous potassium nitrate
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measured at 301 nm, (b) potassium chromate in 50 mM potassium hydroxide at 373 nm, and (c)
potassium chromate in 50 mM potassium hydroxide at 273 nm. Redrawn with permission from
(2).
A more rigorous method for estimating an instrument's region of maximum precision is given by
Youmans and Brown (3). The error in the measurement of the concentration of a solution of
transmission T can be expressed as:

where Dc is the change in concentration, is the molar absorptivity of the compound, b is the
path length, and T av and T min are the mean and minimum values, respectively, from a series of
n measurements on the same sample.
The statistical error is:

Figure 7. Youmans and Brown plot. Redrawn with permission from (2).
The noise levels, and hence the precision of measurement, depend primarily on detector noise
type, as shown in Figure 8.
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Figure 8. Measurement precision as a function of noise type. Calculated and redrawn with
permission from (4).
Both approaches clearly show that in addition to the expected increasing error at higher
absorbance levels caused by stray light and other factors, there is a similar, if not larger
possibility for increasing error at low absorbance levels caused by instrumental variances in the
form of noise from the detector, source, etc. This variance often is overlooked in the desire for
economy of scale, when analysts use smaller samples and shorter path lengths and therefore
lower measured absorbance values.
Sample-Based Factors
The most important sample-based factors that negatively affect quantitative UV-Vis
spectrophotometry are fluorescence and light scattering. If the sample matrix includes
fluorescent compounds, the measured signal usually will contain a contribution from
fluorescence. The wavelength range and intensity of the fluorescence depend on the chemical
composition of the fluorescent material. Suspended particles scatter light by the Tyndall effect,
causing a decrease in the measured intensity that increases as the wavelength decreases.
Unless there is no alternative, absorbance should not be determined on turbid samples.
Procedures for removing turbidity include filtering, centrifuging, or flocculating the sample and
are performed before any additional procedures that generate a chromophore, provided that
they do not affect the concentration of the analyte or the chromophore in the test solution.
Any measurements performed on a turbid solution are highly instrument specific and can be
used only for comparative purposes in the same system. A further complication can arise at
higher analyte concentrations with respect to the coordination chemistry and system matrix.
Ionic association, complex formation, and similar factors can cause deviation from the expected
linear response.
Sampling Factors
CELLS
Quantitative absorbance measurements usually are made on solutions of the substance in
liquid-holding cells. The most common cell path length is 10 mm, although path lengths from
0.01 to 100 mm are commercially available. For samples with low absorbance, improved
sensitivity generally can be obtained by increasing the cell path length. For example, the
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theoretical absorbance of a solution in a 50-mm cell is greater by a factor of five compared to
the same solution in a 10-mm cell. Errors in absorption readings arising from cells almost always
are caused by dirty windows that can absorb a significant proportion of the incident light beam.
Less frequent causes of error are an incorrect choice of cell material for the wavelength
required, e.g., use of glass cells less than 320 nm, nonrepeatability of cell positioning,
differences in cell window thickness, nonparallel optical windows, or impurities in cell window
materials. A 10-mm cell manufactured with a ± 0.05-mm tolerance will add a 0.005 A
contribution to the overall uncertainty, when measuring absorbance values at the 1-A level.
Ten-millimeter cells with a ± 0.01-mm tolerance are commercially available. As a general guide,
the cell chosen should have a transmittance value of > 75% when filled with the appropriate
solvent and measured at the wavelength of interest.

Figure 9. Commonly used cell types: 10-mm regular, low-volume, and flow cells (from left to
right).
Analysts can mitigate the variability introduced by cells by adhering to the following set of best
practices. Carefully clean cells before use, and store them in a manner that avoids
contamination when they are not in use. Cells in frequent and repeated use, e.g., flow cells,
can be stored wet in high-purity water or 1% (v/v) nitric acid. Do not use cracked or scratched
cells. Wipe cells carefully with a soft, clean, lint-free cloth before they are placed in the
spectrophotometer. Do not use lens-cleaning paper or any other form of paper cleaning tissue
because these will either scratch or allow contamination of the optical face.
It is preferable to use a single cell for all measurements of both the reference and samples.
When several sample cells must be tested against one reference cell, they all should be closely
matched in their characteristics. Whenever possible, measure standards and samples at the
same time and under the same conditions to minimize the potential for bias. The reference cell
should contain the same solvent as the sample cell and should be checked against the sample
cell at all wavelengths at which measurements are required. Analysts can apply corrections for
differences between cells to absorbance readings obtained from the solutions under
examination. The maximum allowable correction is ± 0.01 absorbance unit. Best practices
include using the same cell in the reference beam with the same face incident to the light
beam, and flushing the sample cell three times with the sample solution before the final filling
before measurement. The use of flow cells effectively addresses many of these cell-handling
and cell-filling issues. The contents in both the sample cell and the reference cell must be free
from gas bubbles and particles. If flow cells are used, analysts may be required to degas the
solution(s) before measurement in order to avoid the formation of air bubbles in the cell.
A sequence of activities is used to monitor the quality of the measurement process and to
ensure that the contents are representative of the sample under measurement. Drift of the
spectrophotometric baseline can be detected by measuring the blank at the start and end of
the sample sequence. Adequate flushing of the cell can be confirmed by alternating between
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measurement of the standard (high concentration) and the blank (zero concentration) at the
start of the measurement sequence. The latter check is particularly important for automated
systems that can generate reproducible but inaccurate results because of inadequate flushing.
CARE OF CELLS
Contaminated cells are the greatest single source of error in spectrophotometry. Cells should
never be handled by the optical polished faces, and analysts should rinse off residual or spilled
solution. If cells are properly cared for, rigorous cleaning methods rarely will be needed,
especially if the cells are cleaned immediately after use. Although acid solutions will simply
contaminate surfaces, alkaline solutions can etch all types of polished glass surfaces, and the
degree of attack depends on the pH and contact time. When cleaning cells, analysts should
ensure that the optical faces are not scratched or chipped. Commercial cleansing solutions are
available and can be used, provided that they are diluted before use in accordance with the
manufacturers' recommendations. After they are cleaned with such agents, the cells should be
carefully and thoroughly rinsed with high-purity water. If this fails to clean the cells, then
soaking them in cold, concentrated nitric or hydrochloric acid is acceptable. Flow cells are best
cleaned in situ, provided that the solvent does not interact with the connecting tubing. If the
cells are stored for an extended period, then they should be dried quickly after cleaning by
blowing dry with a compressed gas stream in a clean, dust-free environment.
ALIGNMENT AND FILLING OF CELLS
Analysts should align the cells so that the same optical face is always incident to the light
beam. Most cells have type identification engraved on one face: this can be used to ensure
consistent orientation. If there are no markings, a small mark can be made on one face outside
the area of the light beam. The use of cells with no type markings is not recommended, but if
they are used analysts should confirm their suitability for the intended application. If cells are
provided with the instrument, individual cell holders should always be used in the same beam as
identified, e.g., by use of appropriate markings.
CELL CORRECTIONS
If multiple cells are used, differences in the optical transparency of individual cells can
introduce a systematic bias unless the latter is accounted for by a cell correction. Do not use
corrections in excess of 0.01 absorbance unit. To determine if cell corrections are necessary,
analysts can fill all cells with the appropriate solvent and measure the differences in
absorbance at the required analytical wavelengths. These measurements are repeated after
cleaning to ensure that differences in absorbance are related to the cells and are not the result
of contamination. Analysts should fill and check the cells repeatedly until the results are
consistent, and they should investigate any appreciable change in cell correction because it
indicates contamination, damage to the cells, or incorrect adjustment of the instrument.
OTHER SOURCES OF INFORMATION
1. Vandenbelt, J.M., Forsyth, J. and Garrett, A. (1945) Anal. Chem. (Industrial and
Engineering Chemistry, Analytical Edition), 17(4), 1945, 235
2. Standards and Best Practice in Absorption Spectrometry, Ed. C. Burgess & T. Frost,
Blackwell Science, (1999), ISBN 0-632-05313-5.
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3. Youmans, H.L. and Brown, W.D. (1976) Anal. Chem., 48, 1152.
4. Skoog, West & Holler (7th Ed) 1996, Table 24-4.
2S (USP35)

VOLUMETRIC SOLUTIONS
BRIEFING
Edetate Disodium, Twentieth-Molar (0.05 M), USP 34 page 975 and page 5250 of the
Second Supplement. It is proposed to update the instructions on how to dry the chelometric
standard used in the standardization of this volumetric solution.
(HDQ: M. Marques.)
Correspondence Number—C106087

Comment deadline: November 30, 2011
Change to read:
Edetate Disodium, Twentieth-Molar (0.05 M)
C10 H14 N2 Na2 O8 ·2H2 O, 372.24
18.61 g in 1000 mL
Dissolve 18.6 g of edetate disodium in water to make 1000 mL, and standardize the solution as
follows.
Accurately weigh about 200 mg of chelometric standard calcium carbonate, previously dried at
110 for 2 hours and cooled in a desiccator,
or dried according to the label instructions,

2S (USP35)

transfer to a 400-mL beaker, add 10 mL of water, and swirl to form a slurry. Cover the beaker
with a watch glass, and introduce 2 mL of diluted hydrochloric acid from a pipet inserted
between the lip of the beaker and the edge of the watch glass. Swirl the contents of the
beaker to dissolve the calcium carbonate. Wash down the sides of the beaker, the outer
surface of the pipet, and the watch glass with water, and dilute with water to about 100 mL.
While stirring the solution, preferably with a magnetic stirrer, add about 30 mL of the edetate
disodium solution from a 50-mL buret. Add 15 mL of sodium hydroxide TS and 300 mg of
hydroxy naphthol blue, and continue the titration with the edetate disodium solution to a blue
endpoint.

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 34 page 985, page 5260 of the
Second Supplement, and PF 37(4) [July–Aug. 2011].
(HDQ.)
Correspondence Number—C97231; C99095
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The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Monograph Title
Add the following:
Abacavir Tablets
Acebutolol Hydrochloride Capsules
Acepromazine Maleate Tablets
Acetaminophen Capsules
Acetaminophen Tablets, Extended-Release
Acetaminophen Tablets
Acetaminophen and Aspirin Tablets
Acetaminophen, Aspirin, and Caffeine Tablets
Acetaminophen and Caffeine Tablets
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Capsules Containing at Least Three of the
Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine, Tablets Containing at Least Three of the Following
—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Capsules Containing at Least Three of the Following—
Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine, Tablets Containing at Least Three of the Following—
Acetaminophen, Chlorpheniramine Maleate, and Dextromethorphan
Hydrobromide Tablets
Acetaminophen and Codeine Phosphate Capsules
Acetaminophen and Codeine Phosphate Tablets
Acetaminophen and Diphenhydramine Citrate Tablets
Acetaminophen, Diphenhydramine Hydrochloride, and Pseudoephedrine
Hydrochloride Tablets
Acetaminophen and Pseudoephedrine Hydrochloride Tablets
Acetaminophen and Tramadol Hydrochloride Tablets
Acetazolamide Tablets
Acetohexamide Tablets
Acetohydroxamic Acid Tablets
Acitretin Capsules
Acyclovir Capsules

Container
Specification
W 1S (USP34)
T
T, LR
T
T
T
T
T
T

T

T
T
T
T
T, LR
T, LR
T
T
T
T
T
W
T
W, LR
T
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Acyclovir Tablets
Albendazole Tablets
Albuterol Tablets
Alendronate Sodium Tablets
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T
T
T, LR
T

Add the following:
Alfuzosin Hydrochloride Tablets, Extended-Release
Allopurinol Tablets
Alprazolam Tablets

T,
LR 1S (USP35)
W
T, LR

Add the following:
Alprazolam Tablets, Extended-Release

T,
LR 1S (USP34)

Add the following:
Alprazolam Tablets, Orally Disintegrating
Altretamine Capsules
Alumina and Magnesia Tablets
Alumina, Magnesia, and Calcium Carbonate Tablets
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets
Alumina, Magnesia, and Simethicone Tablets
Alumina and Magnesium Carbonate Tablets
Alumina, Magnesium Carbonate, and Magnesium Oxide Tablets
Alumina and Magnesium Trisilicate Tablets
Aluminum Carbonate Gel, Dried Basic, Capsules
Aluminum Carbonate Gel, Dried Basic, Tablets
Aluminum Hydroxide Gel, Dried, Capsules
Aluminum Hydroxide Gel, Dried, Tablets
Amantadine Hydrochloride Capsules
Amiloride Hydrochloride Tablets
Amiloride Hydrochloride and Hydrochlorothiazide Tablets
Aminobenzoate Potassium Capsules
Aminobenzoate Potassium Tablets
Aminocaproic Acid Tablets
Aminoglutethimide Tablets
Aminopentamide Sulfate Tablets
Aminophylline Tablets
Aminophylline Tablets, Delayed-Release
Aminosalicylate Sodium Tablets
Aminosalicylic Acid Tablets
Amitriptyline Hydrochloride Tablets
Amlodipine Besylate Tablets
Ammonium Chloride Tablets, Delayed-Release
Amodiaquine Hydrochloride Tablets
Amoxapine Tablets
Amoxicillin Capsules

T
T,
W
W
W
W
T
T
W
W
W
W
W
T
W
W
W
W
T
T,
W
T
T
T,
T,
W
T,
T
T
W
T

USP35

LR

LR

LR
LR
LR
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Amoxicillin Tablets
Amoxicillin and Clavulanate Potassium Tablets
Amphetamine Sulfate Tablets
Ampicillin Capsules
Ampicillin Tablets
Add the following:
Anagrelide Capsules
Anileridine Hydrochloride Tablets
Apomorphine Hydrochloride Tablets
Arginine Capsules
Arginine Tablets
Add the following:
Artemether and Lumefantrine Tablets
Ascorbic Acid Tablets
Aspirin Capsules
Aspirin Capsules, Delayed-Release
Aspirin Tablets
Aspirin Tablets, Buffered
Aspirin Tablets, Delayed-Release
Aspirin Tablets, Effervescent for Oral Solution
Aspirin Tablets, Extended-Release
Aspirin, Alumina, and Magnesia Tablets
Aspirin, Alumina, and Magnesium Oxide Tablets
Aspirin, Caffeine, and Dihydrocodeine Bitartrate Capsules
Aspirin and Codeine Phosphate Tablets
Aspirin, Codeine Phosphate, Alumina, and Magnesia Tablets
Astemizole Tablets
Atenolol Tablets
Atenolol and Chlorthalidone Tablets
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T
T
W
T
T
T,
LR 1S (USP35)
T, LR
T, LR
T, LR
T, LR
W, LR
1S (USP35)

T, LR
T
T
T
T
T
T
T
T
T
T
W, LR
W, LR
T
W
W

Add the following:
Atorvastatin Calcium Tablets
Atropine Sulfate Tablets
Azatadine Maleate Tablets
Azathioprine Tablets
Azithromycin Capsules
Azithromycin Tablets
Bacampicillin Hydrochloride Tablets
Baclofen Tablets

T 2S (USP35)
W
W
LR
W
T
T
W

Add the following:
Balsalazide Disodium Capsules
Barium Sulfate Tablets
Belladonna Extract Tablets

T USP34
W
T, LR
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Benazepril Hydrochloride Tablets
Bendroflumethiazide Tablets
Benzonatate Capsules
Benztropine Mesylate Tablets
Beta Carotene Capsules
Betamethasone Tablets
Betaxolol Tablets
Bethanechol Chloride Tablets
Bicalutamide Tablets
Biperiden Hydrochloride Tablets
Bisacodyl Tablets
Bisacodyl Tablets, Delayed-Release
Bismuth Subsalicylate Tablets
Bisoprolol Fumarate Tablets
Bisoprolol Fumarate and Hydrochlorothiazide Tablets
Black Cohosh Tablets
Bromocriptine Mesylate Capsules
Bromocriptine Mesylate Tablets
Brompheniramine Maleate Tablets
Bumetanide Tablets
Bupropion Hydrochloride Tablets, Extended-Release
Buspirone Hydrochloride Tablets
Busulfan Tablets
Butabarbital Sodium Tablets
Butalbital, Acetaminophen, and Caffeine Capsules
Butalbital, Acetaminophen, and Caffeine Tablets
Butalbital and Aspirin Tablets
Butalbital, Aspirin, and Caffeine Capsules
Butalbital, Aspirin, and Caffeine Tablets
Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules
Cabergoline Tablets
Calcifediol Capsules
Calcium with Vitamin D Tablets
Calcium Acetate Tablets
Calcium Carbonate Tablets
Calcium Carbonate and Magnesia Tablets
Calcium Carbonate and Magnesia Tablets, Chewable
Calcium Citrate Tablets
Calcium and Magnesium Carbonates Tablets
Calcium Gluconate Tablets
Calcium Lactate Tablets
Calcium Pantothenate Tablets
Calcium Phosphate, Dibasic Tablets
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W
T
T,
W
T,
T
T
T
T
T
T
W
T
T,
W
T,
T,
T,
T
T,
W
T,
W
W
T
T
T
T
T
T,
T,
T,
T,
W
W
W
W
W
W
W
T
T
W

LR
LR

LR
LR
LR
LR
LR
LR

LR
LR
LR
LR
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Capecitabine Tablets
Captopril Tablets
Captopril and Hydrochlorothiazide Tablets
Carbamazepine Tablets
Carbamazepine Tablets, Extended-Release
Carbenicillin Indanyl Sodium Tablets
Carbidopa and Levodopa Tablets
Carbinoxamine Maleate Tablets
Urea C14 Capsules
Carboxymethylcellulose Sodium Tablets
Carisoprodol Tablets
Carisoprodol and Aspirin Tablets
Carisoprodol, Aspirin, and Codeine Phosphate Tablets
Carprofen Tablets
Carteolol Hydrochloride Tablets
Carvedilol Tablets
Cascara Tablets
Castor Oil Capsules
Cat's Claw Capsules
Cat's Claw Tablets
Cefaclor Capsules
Cefaclor Chewable Tablets
Cefaclor Tablets, Extended-Release
Cefadroxil Capsules
Cefadroxil Tablets
Cefdinir Capsules
Cefixime Tablets
Cefpodoxime Proxetil Tablets
Cefprozil Tablets
Cefuroxime Axetil Tablets
Cephalexin Capsules
Cephalexin Tablets
Cephradine Capsules
Cephradine Tablets

T
T
T
T
T
T
W, LR
T, LR
T
T
W
W
W
T
T
T, LR
T, W
T
T, LR
T, LR
T
T
T, LR
T
T
T, LR
T
T
T
W
T
T
T
T

Add the following:
Cetirizine Hydrochloride Tablets

W

Add the following:
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Chloral Hydrate Capsules
Chlorambucil Tablets
Chloramphenicol Capsules
Chloramphenicol Tablets

W USP34
T
W, LR
T
T

1S (USP35)
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Chlordiazepoxide Tablets
Chlordiazepoxide and Amitriptyline Hydrochloride Tablets
Chlordiazepoxide Hydrochloride Capsules
Chlordiazepoxide Hydrochloride and Clidinium Bromide Capsules
Chloroquine Phosphate Tablets
Chlorothiazide Tablets
Chlorpheniramine Maleate Capsules, Extended-Release
Chlorpheniramine Maleate Tablets
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Capsules, Extended-Release
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Tablets, Extended-Release
Chlorpheniramine Maleate and Pseudoephedrine Hydrochloride Capsules,
Extended-Release
Chlorpromazine Hydrochloride Tablets
Chlorpropamide Tablets
Chlortetracycline Hydrochloride Tablets
Chlorthalidone Tablets
Chlorzoxazone Tablets
Chlorzoxazone and Acetaminophen Capsules
Chondroitin Sulfate Sodium Tablets
Chromium Picolinate Tablets
Cimetidine Tablets
Cilostazol Tablets
Cinoxacin Capsules
Ciprofloxacin Tablets
Citalopram Tablets
Clarithromycin Tablets
Clarithromycin Tablets, Extended-Release
Clemastine Fumarate Tablets
Clindamycin Hydrochloride Capsules
Clofazimine Capsules
Clofibrate Capsules
Clomiphene Citrate Tablets
Clomipramine Hydrochloride Capsules
Clonazepam Tablets
Clonazepam Tablets, Orally Disintegrating
Clonidine Hydrochloride Tablets
Clonidine Hydrochloride and Chlorthalidone Tablets
Clopidogrel Tablets
Clorazepate Dipotassium Tablets
Clotrimazole Vaginal Tablets
Red Clover Tablets
Cloxacillin Sodium Capsules
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T,
T,
T,
T,
W
W
T
T

LR
LR
LR
LR

T, LR
T, LR
T, LR
W, LR
W
T, LR
W
T
T
T, LR
W
T, LR
T, LR
W
W
W
T
W
W
T
W
W, LR
W
W
T, LR
W, LR
W
W
W
T, LR
W
T, LR
T
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Clozapine Tablets
Cyanocobalamin Co 57 Capsules
Cyanocobalamin Co 58 Capsules
Cocaine Hydrochloride Tablets for Topical Solution
Codeine Phosphate Tablets
Codeine Sulfate Tablets
Colestipol Hydrochloride Tablets
Cortisone Acetate Tablets
Add the following:
Crypthecodinium cohnii Oil Capsules
Curcuminoids Capsules
Curcuminoids Tablets
Cromolyn Sodium for Inhalation (in Capsules)
Cyclizine Hydrochloride Tablets
Cyclobenzaprine Hydrochloride Tablets
Cyclophosphamide Tablets
Cycloserine Capsules
Cyclosporine Capsules
Cyproheptadine Hydrochloride Tablets
Danazol Capsules
Dantrolene Sodium Capsules
Dapsone Tablets
Dehydrocholic Acid Tablets
Demeclocycline Hydrochloride Capsules
Demeclocycline Hydrochloride Tablets
Desipramine Hydrochloride Tablets
Desogestrel and Ethinyl Estradiol Tablets
Dexamethasone Tablets
Dexchlorpheniramine Maleate Tablets
Dextroamphetamine Sulfate Capsules
Dextroamphetamine Sulfate Tablets
Diazepam Capsules
Diazepam Capsules, Extended-Release
Diazepam Tablets
Diazoxide Capsules
Dichlorphenamide Tablets
Diclofenac Potassium Tablets
Diclofenac Sodium Tablets, Delayed-Release
Diclofenac Sodium Tablets, Extended-Release
Dicloxacillin Sodium Capsules
Dicyclomine Hydrochloride Capsules
Dicyclomine Hydrochloride Tablets
Didanosine Tablets for Oral Suspension
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W
W,
W,
W,
W,
W
T
W

LR
LR
LR
LR

T,
LR 2S (USP34)
W, LR
W, LR
T, LR
T, LR
W
T
T
T
W
W
T
W, LR
W
T, LR
T, LR
T
W
W
T
T
W
T, LR
T, LR
T, LR
W
W
T, LR
T, LR
W
T
W
W
T
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Diethylcarbamazine Citrate Tablets
Diethylpropion Hydrochloride Tablets
Diethylstilbestrol Tablets
Diflunisal Tablets
Digitalis Capsules
Digitalis Tablets
Digitoxin Tablets
Digoxin Tablets
Dihydrotachysterol Capsules
Dihydrotachysterol Tablets
Dihydroxyaluminum Sodium Carbonate Tablets
Diltiazem Hydrochloride Tablets
Diltiazem Hydrochloride Capsules, Extended-Release
Dimenhydrinate Tablets

T
W
W
W
T
T
W
T
W, LR
W, LR
W
T, LR
T
W

Add the following:
Diphenhydramine Citrate and Ibuprofen Tablets
Diphenhydramine Hydrochloride Capsules
Diphenhydramine and Pseudoephedrine Capsules
Diphenoxylate Hydrochloride and Atropine Sulfate Tablets
Dipyridamole Tablets
Dirithromycin Tablets, Delayed-Release
Disopyramide Phosphate Capsules
Disopyramide Phosphate Capsules, Extended-Release
Disulfiram Tablets

T 1S (USP35)
T
T
W, LR
T, LR
T
W
W
T, LR

Add the following:
Divalproex Sodium Capsules, Delayed-Release
Divalproex Sodium Tablets, Delayed-Release
Add the following:
Divalproex Sodium Tablets, Extended-Release
Docusate Calcium Capsules
Docusate Potassium Capsules
Docusate Sodium Capsules
Docusate Sodium Tablets
Dolasetron Mesylate Tablets

T,
LR 1S (USP34)
T, LR
W 1S (USP34)
T
T
T
W
W

Add the following:
Donepezil Hydrochloride Tablets

W

Add the following:
Donepezil Hydrochloride Tablets, Orally Disintegrating
Doxazosin Tablets
Doxepin Hydrochloride Capsules
Doxycycline Capsules
Doxycycline Hyclate Capsules

W 1S (USP34)
T
W
T, LR
T, LR

1S (USP34)
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Doxycycline Hyclate Capsules, DelayedRelease
Doxycycline Hyclate Tablets
Doxycycline Hyclate Tablets, Delayed-Release
Doxylamine Succinate Tablets
Dronabinol Capsules

T, LR
T, LR
T, LR
W, LR
W, LR

Add the following:
Drospirenone and Ethinyl Estradiol Tablets

W

Add the following:
Duloxetine Capsules, Delayed-Release
Dydrogesterone Tablets
Dyphylline Tablets
Dyphylline and Guaifenesin Tablets

T
W
T
T

Add the following:
Efavirenz Capsules
Enalapril Maleate Tablets
Enalapril Maleate and Hydrochlorothiazide Tablets

W
W
W

Add the following:
Entacapone Tablets
Ephedrine Sulfate Capsules
Ergocalciferol Capsules
Ergocalciferol Tablets
Ergoloid Mesylates Capsules
Ergoloid Mesylates Tablets
Ergoloid Mesylates Tablets, Sublingual
Ergonovine Maleate Tablets
Ergotamine Tartrate Tablets
Ergotamine Tartrate Tablets, Sublingual
Ergotamine Tartrate and Caffeine Tablets
Erythromycin Capsules, Delayed-Release
Erythromycin Tablets
Erythromycin Tablets, Delayed-Release
Erythromycin Estolate Capsules
Erythromycin Estolate Tablets
Erythromycin Ethylsuccinate Tablets
Erythromycin Stearate Tablets

LR 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
W
W, LR
W, LR
W, LR
T
T
T
T
T
T
T

Add the following:
Escitalopram Tablets

W

Add the following:
Esomeprazole Magnesium Capsules, Delayed-Release

T

Add the following:
Estazolam Tablets

2S (USP35)

2S (USP35)

1S (USP34)

2S (USP34)

1S (USP35)

T,
LR 1S (USP35)
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Estradiol Tablets
Estradiol and Norethindrone Acetate Tablets
Estrogens, Conjugated Tablets
Estrogens, Esterified Tablets
Estropipate Tablets
Ethacrynic Acid Tablets
Ethambutol Hydrochloride Tablets
Ethchlorvynol Capsules
Ethinyl Estradiol Tablets
Ethionamide Tablets
Ethosuximide Capsules
Ethotoin Tablets
Ethynodiol Diacetate and Ethinyl Estradiol Tablets
Ethynodiol Diacetate and Mestranol Tablets
Etidronate Disodium Tablets
Etodolac Capsules
Etodolac Tablets
Etodolac Tablets, Extended-Release
Famotidine Tablets

T, LR
W
W
W
W
W
W
T, LR
W
W
T
T
W
W
T
T
T
W
W, LR

Add the following:
Felbamate Tablets
Felodipine Tablets, Extended-Release
Fenofibrate Capsules

W
T
W

Add the following:
Fenofibrate Tablets
Fenoprofen Calcium Capsules
Fenoprofen Calcium Tablets
Ferrous Fumarate Tablets
Ferrous Fumarate and Docusate Sodium Tablets, Extended-Release
Ferrous Gluconate Capsules
Ferrous Gluconate Tablets
Ferrous Sulfate Tablets
Fexofenadine Hydrochloride Capsules
Fexofenadine Hydrochloride Tablets
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride Tablets,
Extended-Release
Finasteride Tablets
Fish Oil Containing Omega-3 Acids Capsules
Add the following:
Fish Oil Containing Omega-3 Acids Capsules, Delayed-Release

1S (USP35)

W 2S (USP35)
W
W
T
W
T
T
T
T, LR
W
W
T, LR
T, LR
T, LR

USP35
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Flavoxate Hydrochloride Tablets
Flecainide Acetate Tablets
Fluconazole Tablets
Flucytosine Capsules
Fludrocortisone Acetate Tablets
Fluoxetine Capsules
Fluoxetine Capsules, Delayed-Release
Fluoxetine Tablets
Fluoxymesterone Tablets
Fluphenazine Hydrochloride Tablets
Flurazepam Hydrochloride Capsules
Flurbiprofen Tablets
Flutamide Capsules
Fluvastatin Capsules
Fluvoxamine Maleate Tablets
Folic Acid Tablets
Fosinopril Sodium Tablets
Fosinopril Sodium and Hydrochlorothiazide Tablets
Furazolidone Tablets
Furosemide Tablets
Gabapentin Capsules
Gabapentin Tablets
Galantamine Tablets
Garlic Tablets, Delayed-Release
Gemfibrozil Capsules
Gemfibrozil Tablets
Ginger Capsules
Ginkgo Capsules
Ginkgo Tablets
American Ginseng Capsules
American Ginseng Tablets
Asian Ginseng Capsules
Asian Ginseng Tablets
Glimepiride Tablets
Glipizide Tablets
Glipizide and Metformin Hydrochloride Tablets
Glucosamine Tablets
Glucosamine and Chondroitin Sulfate Tablets
Glucosamine and Methylsulfonylmethane Tablets
Glucosamine, Chondroitin Sulfate Sodium, and Methylsulfonylmethane
Tablets
Glyburide Tablets
Glyburide and Metformin Hydrochloride Tablets
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W, LR
W
W
T, LR
W
T, LR
T
T
W
T, LR
T, LR
W
W, LR
T, LR
T
W
T
T
T, LR
W, LR
W
W
W
T
T
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
W
T
W
T, LR
T, LR
T, LR
T, LR
W
T, LR
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Glycopyrrolate Tablets
Granisetron Hydrochloride Tablets
Griseofulvin Capsules
Griseofulvin Tablets
Griseofulvin, Ultramicrosize Tablets
Guaifenesin Capsules
Guaifenesin Tablets
Guaifenesin and Pseudoephedrine Hydrochloride Capsules
Guaifenesin, Pseudoephedrine Hydrochloride, and Dextromethorphan
Hydrobromide Capsules
Guanabenz Acetate Tablets
Guanadrel Sulfate Tablets
Guanethidine Monosulfate Tablets
Guanfacine Tablets
Guggul Tablets
Halazone Tablets for Solution
Haloperidol Tablets
Hexylresorcinol Lozenges
Homatropine Methylbromide Tablets
Hydralazine Hydrochloride Tablets
Add the following:
Hydrochlorothiazide Capsules
Hydrochlorothiazide Tablets
Hydrocodone Bitartrate Tablets
Hydrocodone Bitartrate and Acetaminophen Tablets
Hydrocodone Bitartrate and Homatropine Methylbromide Tablets
Hydrocortisone Tablets
Hydroflumethiazide Tablets
Hydromorphone Hydrochloride Tablets
Hydroxychloroquine Sulfate Tablets
Hydroxyurea Capsules
Hydroxyzine Hydrochloride Tablets
Hydroxyzine Pamoate Capsules
Hyoscyamine Tablets
Hyoscyamine Sulfate Tablets
Ibuprofen Tablets
Ibuprofen and Pseudoephedrine Hydrochloride Tablets
Imipramine Hydrochloride Tablets
Indapamide Tablets
Indomethacin Capsules
Indomethacin Capsules, Extended-Release
Sodium Iodide I 123 Capsules
Sodium Iodide I 131 Capsules
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T
W, LR
T
T
W
T
T
T, LR
T, LR
T, LR
T, LR
W
T, LR
W, LR
T, LR
T, LR
W
T, LR
T, LR
W 1S (USP34)
W
T, LR
T, LR
T, LR
W
T
T, LR
T, LR
T
T
W
W, LR
T, LR
W
T
T
W
W
W
W
W
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Iodoquinol Tablets
Iopanoic Acid Tablets
Ipodate Sodium Capsules
Irbesartan Tablets
Irbesartan and Hydrochlorothiazide Tablets
Isoniazid Tablets
Isopropamide Iodide Tablets
Isoproterenol Hydrochloride Tablets
Isosorbide Dinitrate Capsules, ExtendedRelease
Isosorbide Dinitrate Tablets
Isosorbide Dinitrate Tablets, Chewable
Isosorbide Dinitrate Tablets, Extended-Release
Isosorbide Dinitrate Tablets, Sublingual
Isosorbide Mononitrate Tablets
Isosorbide Mononitrate Tablets, ExtendedRelease
Isotretinoin Capsules
Isoxsuprine Hydrochloride Tablets
Isradipine Capsules
Ivermectin Tablets
Ivermectin and Pyrantel Pamoate Tablets
Kanamycin Sulfate Capsules
Ketoconazole Tablets

146

W
T, LR
T
W
W
W, LR
W
W, LR
W
W
W
W
W
T
T
T
T
T
W
T, LR
T
W

Add the following:
Ketoprofen Capsules
Ketoprofen Capsules, Extended-Release
Ketorolac Tromethamine Tablets
Labetalol Hydrochloride Tablets
Lamivudine and Zidovudine Tablets

T 1S (USP35)
T
W
T, LR
W, LR

Add the following:
Lamotrigine Tablets

W

Add the following:
Lamotrigine Tablets for Oral Suspension
Lansoprazole Capsules, Delayed-Release
Leflunomide Tablets
Letrozole Tablets
Leucovorin Calcium Tablets
Levamisole Hydrochloride Tablets
Add the following:
Levetiracetam Tablets
Levocarnitine Tablets

USP34

T,
LR 1S (USP35)
T
T, LR
T
W, LR
W
T
T

USP34

PF 37(5): Sep.-Oct. 2011
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Levodopa Capsules
Levodopa Tablets
Levonorgestrel and Ethinyl Estradiol Tablets
Levorphanol Tartrate Tablets
Levothyroxine Sodium Tablets
Lincomycin Hydrochloride Capsules
Alpha Lipoic Acid Capsules
Alpha Lipoic Acid Tablets
Liothyronine Sodium Tablets
Liotrix Tablets
Lisinopril Tablets
Lisinopril and Hydrochlorothiazide Tablets
Lithium Carbonate Capsules
Lithium Carbonate Tablets
Lithium Carbonate Tablets, Extended-Release
Loperamide Hydrochloride Capsules
Loracarbef Capsules
Loratadine Tablets

T, LR
T, LR
W
W
T, LR
T
W
W
T
T
T
W
W
W
W
W
W
T

Add the following:
Loratadine Tablets, Orally Disintegrating
Lorazepam Tablets
Losartan Potassium Tablets
Losartan Potassium and Hydrochlorothiazide Tablets
Lovastatin Tablets
Loxapine Capsules
Lysine Hydrochloride Tablets
Magaldrate Tablets
Magaldrate and Simethicone Tablets
Magnesia Tablets
Magnesia and Alumina Tablets
Magnesium Gluconate Tablets
Magnesium Oxide Capsules
Magnesium Oxide Tablets
Magnesium Salicylate Tablets
Magnesium Trisilicate Tablets
Maprotiline Hydrochloride Tablets
Mazindol Tablets
Mebendazole Tablets
Mecamylamine Hydrochloride Tablets
Meclizine Hydrochloride Tablets
Meclofenamate Sodium Capsules
Medroxyprogesterone Acetate Tablets
Mefenamic Acid Capsules

T
T,
T,
T,
W
T
W
W
W
W
W
W
W
W
T
W
W
T
W
W
W
T,
W
T

USP35

LR
LR
LR

LR
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Add the following:
Mefloquine Hydrochloride Tablets
Megestrol Acetate Tablets
Meloxicam Tablets
Melphalan Tablets
Menadiol Sodium Diphosphate Tablets
Meperidine Hydrochloride Tablets
Mephenytoin Tablets
Mephobarbital Tablets
Meprobamate Tablets
Mercaptopurine Tablets
Mesalamine Capsules, Extended-Release
Mesalamine Tablets, Delayed-Release
Mesoridazine Besylate Tablets
Metaproterenol Sulfate Tablets
Metformin Hydrochloride Tablets
Metformin Hydrochloride Tablets, Extended-Release
Methacycline Hydrochloride Capsules
Methadone Hydrochloride Tablets
Methamphetamine Hydrochloride Tablets
Methazolamide Tablets
Methdilazine Hydrochloride Tablets
Methenamine Tablets
Methenamine Hippurate Tablets
Methenamine Mandelate Tablets
Methenamine Mandelate Tablets, DelayedRelease
Methimazole Tablets
Methocarbamol Tablets
Methotrexate Tablets
Methoxsalen Capsules
Methscopolamine Bromide Tablets
Methsuximide Capsules
Methyclothiazide Tablets
Methylcellulose Tablets
Methyldopa Tablets
Methyldopa and Chlorothiazide Tablets
Methyldopa and Hydrochlorothiazide Tablets
Methylergonovine Maleate Tablets
Methylphenidate Hydrochloride Tablets
Methylphenidate Hydrochloride Tablets,
Extended-Release
Methylprednisolone Tablets
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T,
LR 1S (USP34)
W
W
W, LR
W, LR
W, LR
W
W
W
W
T, LR
T
W, LR
W, LR
T
W, LR
T, LR
W
T, LR
W
T, LR
W
W
W
W
W, LR
T
W
T, LR
T
T
W
W
W
W
W
T, LR
T
T
T
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Methylsulfonylmethane Tablets
Methyltestosterone Capsules
Methyltestosterone Tablets
Methysergide Maleate Tablets
Metoclopramide Tablets
Metolazone Tablets
Metoprolol Succinate Tablets, ExtendedRelease
Metoprolol Tartrate Tablets
Metoprolol Tartrate and Hydrochlorothiazide Tablets
Metronidazole Capsules
Metronidazole Tablets
Metyrapone Tablets
Metyrosine Capsules
Mexiletine Hydrochloride Capsules
Add the following:
Midodrine Hydrochloride Tablets
Minerals Capsules
Minerals Tablets
Minocycline Hydrochloride Capsules
Minocycline Hydrochloride Tablets
Minoxidil Tablets
Mirtazapine Tablets
Mirtazapine Tablets, Orally Disintegrating
Mitotane Tablets
Modafinil Tablets
Molindone Hydrochloride Tablets
Moricizine Hydrochloride Tablets
Morphine Sulfate Capsules, Extended-Release
Add the following:
Morphine Sulfate Tablets, Extended-Release
Mycophenolate Mofetil Capsules
Mycophenolate Mofetil Tablets
Nabumetone Tablets
Nadolol Tablets
Nadolol and Bendroflumethiazide Tablets
Nafcillin Sodium Capsules
Nafcillin Sodium Tablets
Nalidixic Acid Tablets
Naltrexone Hydrochloride Tablets
Naproxen Tablets
Naproxen Tablets, Delayed-Release
Naproxen Sodium Tablets
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T, LR
W
W
T
T, LR
T, LR
T
T, LR
T, LR
W, LR
W, LR
T, LR
W
T
W 1S (USP34)
T, LR
T, LR
T, LR
T, LR
T
T, LR
LR
T, LR
T
T, LR
T
T, LR
T,
LR 1S (USP35)
W, LR
W, LR
W
T
T
T
T, LR
T
T
W
W
W
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Naratriptan Tablets
Nateglinide Tablets
Nefazodone Hydrochloride Tablets
Neomycin Sulfate Tablets
Neostigmine Bromide Tablets
Nevirapine Tablets
Niacin Tablets

T
T
T
T
T
W
W

Add the following:
Niacin Tablets, Extended-Release
Niacinamide Tablets
Nifedipine Capsules
Nifedipine Tablets, Extended-Release
Nitrofurantoin Capsules
Nitrofurantoin Tablets
Nitroglycerin Tablets
Nitroglycerin Tablets, Sublingual
Norethindrone Tablets
Norethindrone and Ethinyl Estradiol Tablets
Norethindrone and Mestranol Tablets
Norethindrone Acetate Tablets
Norethindrone Acetate and Ethinyl Estradiol Tablets
Norfloxacin Tablets
Norgestimate and Ethinyl Estradiol Tablets
Norgestrel Tablets
Norgestrel and Ethinyl Estradiol Tablets
Nortriptyline Hydrochloride Capsules
Nystatin Tablets
Nystatin Vaginal Tablets
Ofloxacin Tablets
Olanzapine Tablets
Oleovitamin A and D Capsules

T 2S (USP35)
T
T, LR
T, LR
T
T, LR
T
T
W
W
W
W
W
W
W
W
W
T
T, LR
W, LR
W
T, LR
T, LR

Add the following:
Olanzapine and Fluoxetine Capsules

T

Add the following:
Omega-3 Acids Ethyl Esters Capsules
Omeprazole Capsules, Delayed-Release
Ondansetron Tablets
Ondansetron Tablets, Orally Disintegrating
Orbifloxacin Tablets
Add the following:
Orlistat Capsules
Orphenadrine Citrate Tablets, Extended-Release

1S (USP34)

T,
LR 1S (USP35)
T, LR
T, LR
L, R
T
T USP35
T, LR
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Oseltamivir Phosphate Capsules
Oxacillin Sodium Capsules
Oxandrolone Tablets
Oxaprozin Tablets
Oxazepam Capsules
Oxazepam Tablets
Oxprenolol Hydrochloride Tablets
Oxprenolol Hydrochloride Tablets, ExtendedRelease
Oxtriphylline Tablets
Oxtriphylline Tablets, Delayed-Release
Oxtriphylline Tablets, Extended-Release
Oxybutynin Chloride Tablets
Oxybutynin Chloride Tablets, ExtendedRelease
Oxycodone Hydrochloride Tablets
Oxycodone Hydrochloride Tablets, ExtendedRelease
Oxycodone and Acetaminophen Capsules
Oxycodone and Acetaminophen Tablets
Oxycodone and Aspirin Tablets
Oxymetholone Tablets
Oxytetracycline Tablets
Oxytetracycline and Nystatin Capsules
Oxytetracycline Hydrochloride Capsules
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Tablets, Vaginal
Pancreatin Tablets
Pancrelipase Capsules
Pancrelipase Capsules, Delayed-Release
Pancrelipase Tablets
Pantoprazole Sodium Tablets, Delayed-Release
Papain Tablets for Topical Solution
Papaverine Hydrochloride Tablets
Delete the following:
Paramethasone Acetate Tablets
Paromomycin Sulfate Capsules
Paroxetine Tablets
Penbutolol Sulfate Tablets
Penicillamine Capsules
Penicillamine Tablets
Penicillin G Benzathine Tablets
Penicillin G Potassium Tablets
Penicillin V Tablets
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W
T
T, LR
T, LR
W
W
W, LR
W, LR
T
T
T
T, LR
T
T, LR
T,
T,
T,
T,
W
T,
T,
T,
W
T
T
T
T
W
T,
T

LR
LR
LR
LR
LR
LR
LR

LR

W USP34
T
T
W, LR
T
T
T
T
T
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Penicillin V Potassium Tablets
Pentazocine and Acetaminophen Tablets
Pentazocine and Aspirin Tablets
Pentazocine and Naloxone Tablets

T
T, LR
T, LR
T, LR

Delete the following:
Pentobarbital Sodium Capsules
Pentoxifylline Tablets, Extended-Release
Perphenazine Tablets
Perphenazine and Amitriptyline Hydrochloride Tablets
Phenazopyridine Hydrochloride Tablets
Phendimetrazine Tartrate Capsules
Phendimetrazine Tartrate Tablets
Phenelzine Sulfate Tablets
Phenmetrazine Hydrochloride Tablets
Phenobarbital Tablets
Phenoxybenzamine Hydrochloride Capsules
Phensuximide Capsules
Phentermine Hydrochloride Capsules
Phentermine Hydrochloride Tablets
Phenylbutazone Tablets
Phenylpropanolamine Hydrochloride Capsules
Phenylpropanolamine Hydrochloride Capsules, Extended-Release
Phenylpropanolamine Hydrochloride Tablets
Phenylpropanolamine Hydrochloride Tablets, Extended-Release
Phenytoin Tablets
Phenytoin Sodium Capsules, Extended
Phenytoin Sodium Capsules, Prompt
Phytonadione Tablets
Pilocarpine Hydrochloride Tablets
Pimozide Tablets
Pindolol Tablets

T 1S (USP34)
W
T, LR
W
T
T
W
T
T
W
W
T
T
T
T
T, LR
T, LR
T, LR
T, LR
W
T
T
W, LR
T
T, LR
W, LR

Add the following:
Pioglitazone Tablets
Piperazine Citrate Tablets
Piroxicam Capsules
Potassium Bicarbonate Effervescent Tablets for Oral Solution
Potassium Bicarbonate and Potassium Chloride Effervescent Tablets for
Oral Solution
Potassium and Sodium Bicarbonates and Citric Acid Effervescent Tablets
for Oral Solution
Potassium Chloride Capsules, Extended-Release
Potassium Chloride Tablets, Extended-Release

T USP34
T
T, LR
T
T
T
T
T
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Potassium Chloride, Potassium Bicarbonate, and Potassium Citrate
Effervescent Tablets for Oral Solution
Potassium Citrate Tablets
Potassium Citrate Tablets, Extended-Release
Potassium Gluconate Tablets
Potassium Iodide Tablets
Potassium Iodide Tablets, Delayed-Release
Potassium Perchlorate Capsules
Pravastatin Sodium Tablets
Praziquantel Tablets
Prazosin Hydrochloride Capsules
Prednisolone Tablets
Prednisone Tablets
Primaquine Phosphate Tablets
Primidone Tablets
Probenecid and Colchicine Tablets
Probucol Tablets
Procainamide Hydrochloride Capsules
Procainamide Hydrochloride Tablets
Procarbazine Hydrochloride Capsules
Prochlorperazine Maleate Tablets
Procyclidine Hydrochloride Tablets
Promazine Hydrochloride Tablets
Promethazine Hydrochloride Tablets
Propantheline Bromide Tablets
Propoxyphene Hydrochloride Capsules
Propoxyphene Hydrochloride and Acetaminophen Tablets
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules
Propoxyphene Napsylate Tablets
Propoxyphene Napsylate and Acetaminophen Tablets
Propoxyphene Napsylate and Aspirin Tablets
Propranolol Hydrochloride Capsules, Extended-Release
Propranolol Hydrochloride Tablets
Propranolol Hydrochloride and Hydrochlorothiazide Capsules, ExtendedRelease
Propranolol Hydrochloride and Hydrochlorothiazide Tablets
Propylthiouracil Tablets
Protriptyline Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets
Pseudoephedrine Hydrochloride Tablets, Extended-Release
Pygeum Capsules
Pyrazinamide Tablets
Pyridostigmine Bromide Tablets

153

T
W
T
T
T
T
T, LR
T
T
W, LR
W
W
W, LR
W
W, LR
W, LR
T
T
T, LR
W
T
T, LR
T, LR
W
T
T
T
T
T
T
W
W, LR
W
W
W
T
T
T
T
W
T
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Pyridoxine Hydrochloride Tablets
Pyrilamine Maleate Tablets
Pyrimethamine Tablets
Pyrvinium Pamoate Tablets
Quazepam Tablets
Quinapril Tablets
Quinidine Gluconate Tablets, Extended-Release
Quinidine Sulfate Capsules
Quinidine Sulfate Tablets
Quinidine Sulfate Tablets, Extended-Release
Quinine Sulfate Capsules
Quinine Sulfate Tablets
Raloxifene Hydrochloride Tablets
Ramipril Capsules
Ranitidine Tablets
Rauwolfia Serpentina Tablets
Reserpine Tablets
Reserpine and Chlorothiazide Tablets
Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets
Reserpine and Hydrochlorothiazide Tablets

W
W
T, LR
T, LR
W
W
W, LR
T, LR
W, LR
W, LR
T
W
T
W
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR

Add the following:
Ribavirin Capsules
Ribavirin Tablets
Riboflavin Tablets
Rifabutin Capsules
Rifampin Capsules
Rifampin and Isoniazid Capsules
Rifampin, Isoniazid, and Pyrazinamide Tablets
Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride Tablets
Riluzole Tablets
Rimantadine Hydrochloride Tablets
Risedronate Sodium Tablets

W 1S (USP35)
T
T, LR
W
T, LR
T, LR
T, LR
T, LR
W, LR
T, LR
W

Add the following:
Risperidone Tablets, Orally Disintegrating
Risperidone Tablets
Ritodrine Hydrochloride Tablets

W, LR
T, LR
T

Add the following:
Rivastigmine Tartrate Capsules

T

USP34

Add the following:
Ropinirole Tablets
Saccharin Sodium Tablets
Salsalate Capsules

W
W
T

1S (USP34)

USP35

PF 37(5): Sep.-Oct. 2011

Salsalate Tablets
Saquinavir Capsules
Saw Palmetto Capsules
Add the following:
Schizochytrium Oil Capsules
Scopolamine Hydrobromide Tablets
Secobarbital Sodium Capsules
Secobarbital Sodium and Amobarbital Sodium Capsules
Selegiline Hydrochloride Tablets
Sennosides Tablets
Add the following:
Sertraline Tablets
Simethicone Capsules
Simethicone Tablets
Simvastatin Tablets
Sodium Bicarbonate Tablets
Sodium Chloride Tablets
Sodium Chloride Tablets for Solution
Sodium Chloride and Dextrose Tablets
Sodium Fluoride Tablets
Sodium Salicylate Tablets
Sotalol Hydrochloride Tablets
Soy Isoflavones Capsules
Soy Isoflavones Tablets
Spironolactone Tablets
Spironolactone and Hydrochlorothiazide Tablets
Stanozolol Tablets
Stavudine Capsules
Sulfadiazine Tablets
Sulfadimethoxine Tablets
Sulfadoxine and Pyrimethamine Tablets
Sulfamethizole Tablets
Sulfamethoxazole Tablets
Sulfamethoxazole and Trimethoprim Tablets
Sulfapyridine Tablets
Sulfasalazine Tablets
Sulfasalazine Tablets, Delayed-Release
Sulfinpyrazone Capsules
Sulfinpyrazone Tablets
Sulfisoxazole Tablets
Sulindac Tablets
Sumatriptan Tablets
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T
T
T, LR
T,
LR 2S (USP34)
T, LR
T
W
T, LR
W
W USP34
W
W
T
W
W
W
W
T
W
W, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T
W, LR
T, LR
W, LR
W
W, LR
W, LR
W, LR
W
W
W
W
W, LR
W
W
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Add the following:
Tacrolimus Capsules
Tamoxifen Citrate Tablets
Tamsulosin Hydrochloride Capsules
Telmisartan Tablets

T 1S (USP35)
W, LR
T
W

Add the following:
Telmisartan and Hydrochlorothiazide Tablets
Temazepam Capsules

W 1S (USP34)
W, LR

Add the following:
Terazosin Capsules

W,
LR 1S (USP34)

Add the following:
Terazosin Tablets

W,
LR 1S (USP34)

Add the following:
Terbinafine Tablets
Terbutaline Sulfate Tablets
Testolactone Tablets
Tetracycline Hydrochloride Capsules
Tetracycline Hydrochloride Tablets
Tetracycline Hydrochloride and Novobiocin Sodium Tablets
Tetracycline Hydrochloride, Novobiocin Sodium, and Prednisolone Tablets
Tetracycline Hydrochloride and Nystatin Capsules
Thalidomide Capsules
Theophylline Capsules
Theophylline Capsules, Extended-Release
Theophylline Tablets
Theophylline, Ephedrine Hydrochloride, and Phenobarbital Tablets
Theophylline and Guaifenesin Capsules
Theophylline Sodium Glycinate Tablets
Thiabendazole Tablets
Thiamine Hydrochloride Tablets
Thiethylperazine Maleate Tablets
Thioguanine Tablets
Thioridazine Hydrochloride Tablets
Thiothixene Capsules
Thyroid Tablets
Ticlopidine Hydrochloride Tablets
Timolol Maleate Tablets
Timolol Maleate and Hydrochlorothiazide Tablets
Tizanidine Tablets
Tocainide Hydrochloride Tablets
Tolazamide Tablets
Tolazoline Hydrochloride Tablets

W, LR
T
T
T, LR
T, LR
T
T
T, LR
W
W
W
W
T
T
W
T
T, LR
T, LR
T
T, LR
W, LR
T
W
W
W, LR
T
W
T
W

USP34
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Tolbutamide Tablets
Tolcapone Tablets
Tolmetin Sodium Capsules
Tolmetin Sodium Tablets

W
T
T
W

Add the following:
Topiramate Capsules
Topiramate Tablets

T
T

2S (USP34)

Add the following:
Tramadol Hydrochloride Tablets, Extended-Release
Tramadol Hydrochloride Tablets

T
T

USP35

Add the following:
Trandolapril Tablets
Tranylcypromine Tablets
Trazodone Hydrochloride Tablets
Triamcinolone Tablets
Triamterene Capsules
Triamterene and Hydrochlorothiazide Capsules
Triamterene and Hydrochlorothiazide Tablets
Triazolam Tablets
Trichlormethiazide Tablets
Trientine Hydrochloride Capsules
Trifluoperazine Hydrochloride Tablets
Triflupromazine Hydrochloride Tablets
Trihexyphenidyl Hydrochloride Capsules,
Extended-Release
Trihexyphenidyl Hydrochloride Tablets
Trimeprazine Tartrate Tablets
Trimethobenzamide Hydrochloride Capsules
Trimethoprim Tablets
Trioxsalen Tablets
Tripelennamine Hydrochloride Tablets
Triple Sulfa Tablets, Vaginal
Triprolidine Hydrochloride Tablets
Triprolidine and Pseudoephedrine Hydrochlorides Tablets
Trisulfapyrimidines Tablets
Troleandomycin Capsules
Ubidecarenone Capsules
Ubidecarenone Tablets
Ursodiol Capsules
Ursodiol Tablets
Add the following:
Valacyclovir Tablets

T 2S (USP34)
W
T, LR
W
T, LR
T, LR
T, LR
T, LR
T
T
W, LR
W, LR
T
T
W, LR
W
T, LR
W, LR
W
W, LR
T, LR
T, LR
W
T
T, LR
T, LR
W
W
T 2S (USP34)
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Valerian Tablets
Valganciclovir Tablets
Valproic Acid Capsules

T, LR
T
T

Add the following:
Valsartan Tablets
Valsartan and Hydrochlorothiazide Tablets
Vancomycin Hydrochloride Capsules

T
T
T

Add the following:
Venlafaxine Tablets

W

1S (USP35)

USP34

Add the following:
Verapamil Hydrochloride Capsules, Extended-Release
Verapamil Hydrochloride Tablets
Verapamil Hydrochloride Tablets, Extended-Release
Vitamin A Capsules

T,
LR 1S (USP35)
T, LR
T, LR
T, LR

Add the following:
Vitamin A Tablets
Vitamin E Capsules
Oil-Soluble Vitamins Capsules
Oil-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins Capsules
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins with Minerals Tablets
Warfarin Sodium Tablets
Zalcitabine Tablets

T,
LR 2S (USP34)
T
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR
T, LR

Add the following:
Zaleplon Capsules
Zidovudine Capsules
Zidovudine Tablets
Zinc Citrate Tablets
Zinc Gluconate Tablets
Zinc Sulfate Tablets
Zolpidem Tartrate Tablets
Zolpidem Tartrate Tablets, Extended-Release
Add the following:
Zonisamide Capsules

LR 2S (USP34)
T, LR
T, LR
W
T, LR
W
W
W
T,
LR 1S (USP34)

BRIEFING
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Description and Relative Solubility of USP and NF Articles, USP 34 page 994, page 4837
of the First Supplement, page 5270 of the Second Supplement, page 1343 of PF 35(5) [July–
Aug. 2009], page 1571 of PF 35(6) [Nov.–Dec. 2009], page 271 of PF 36(1) [Jan.–Feb. 2010],
page 578 of PF 36(2) [Mar.–Apr. 2010], page 1396 of PF 36(5) [Sept.–Oct. 2010], page 1782
of PF 36(6) [Nov.–Dec. 2010], and PF 37(1) [Jan.–Feb. 2011], PF 37(3) [May–Jun. 2011], and
PF 37(4) [July–Aug. 2011].
(HDQ.)
Correspondence Number—C88097
Add the following:
Ferrosoferric Oxide: Black powder. Dissolves in hydrochloric acid upon warming, a small
amount of insoluble residue usually remaining; insoluble in water and in organic solvents.
2S (NF30)

BRIEFING
Beta Glucan. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is proposed. The liquid chromatographic procedure in the test for Mannose is
based on the analyses performed with Dionex CarboPac MA-1 brand of L47 column. Typical
retention times observed for inositol, mannose, and glucose are 44.2 min, 62.1 min, and 65.2
min, respectively.
(DS: H. Dinh.)
Correspondence Number—C104742

Comment deadline: November 30, 2011
Add the following:
Beta Glucan
DEFINITION
Beta Glucan is obtained by extraction from the cell wall of fermented and thermally processed
Baker's yeast (Saccharomyces cervisiae). It is comprised mainly of

-(1,3)/(1,6) branched

glucan polymers. Small amounts of -(1,6)-glucan and chitin are also expected to be present
in the final product. It contains NLT 70% beta glucan, calculated as glucose after enzymatic
hydrolysis, on the dried basis.
IDENTIFICATION
• Nuclear Magnetic Resonance 761
Standard solution: Dissolve 10 mg of USP Beta Glucan RS in 0.6 mL of dimethyl
sulfoxide–d6, and heat at 100 for 1 h. Then add 0.1 mL of D2 O, mix the solution, and
transfer to an NMR tube.
Sample solution: Dissolve 10 mg of Beta Glucan in 0.6 mL of dimethyl sulfoxide–d6, and
heat at 100 for 1 h. Then add 0.1 mL of D2 O, mix the solution, and transfer to an NMR
tube.
Analysis: Collect 1H NMR spectra at 80 , and compare individual resonances from the
Sample solution to those from the Standard solution. The major signals associated with
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Beta Glucan are shown in Table 1.
Table 1
1H

NMR Major Signals USP Beta Glucan RS
H-1 (1,3)-glucan
4.52, d, J = 7.5 Hz, 1H
H-2, 4, and 5 (1,3-) 3.27–3.33, m, 3H
H-3 and 6b (1,3-) 3.45–3.48, m, 2H
H-6a (1,3-)
3.71, d, J = 11 Hz, 1H
H-1 (1,6)-glucan
4.27, d, J = 7.7 Hz, 1H

Integrate the area under the peaks five times for each sample, and average. Determine the
relative percentage of (1,6) linked glucan in the portion of Beta Glucan taken:
Result = {A/(A + B)} × 100
A= integration values for the signal at 4.27 ppm, corresponding to H-1 from (1,6) glucan
B= integration values for the signal at 4.52 ppm corresponding to H-1 (1,3) glucan
Acceptance criteria: The 1H spectrum of the Sample solution exhibits a chemical shift
pattern with signal locations and relative intensities that correspond to those of the
Standard solution. In addition, the relative percentage of (1,6) linked glucan is 10%–18%
of the total linkages.
COMPOSITION
• Content of Beta Glucan
Buffer A: Dissolve 11.6 mL of glacial acetic acid in approximately 900 mL of water. Adjust
the solution with 20% sodium hydroxide solution to a pH of 5, and dilute with water to
1000 mL.
Buffer B: Dissolve 69.6 mL of glacial acetic acid in approximately 800 mL of water. Adjust
with 20% sodium hydroxide solution to a pH of 3.8, and dilute with water to 1000 mL.
Buffer C: Dissolve 12.12 g of tris(hydroxymethyl)aminomethane (TRIS), 11.69 g sodium
chloride, and 4.16 g of ethylenediaminetetraacetic acid (EDTA) tetrasodium salt dihydrate
in approximately 900 mL of water. Adjust with concentrated hydrochloric acid or 20%
sodium hydroxide solution to a pH of 7.5, and dilute with water to 1000 mL. [Note—Buffer
C can be stored for 1 year at 2 –8 ]
Buffer D1 : Transfer 45.287 g of dibasic potassium phosphate, 30.382 g of phydroxybenzoic acid, and 4 g of sodium azide into a 1000-mL volumetric flask, and
carefully add 800 mL of water. Mix with a stirring bar and mild heat until completely
dissolved. Allow the solution to cool, adjust with 16.7% potassium hydroxide solution to a
pH of 7.4, and dilute with water to volume. [Note—Store Buffer D in an amber bottle with
an expiration date of 3 years at 4 . ]
Lyticase solution: Prepare the required volume of lyticase from Arthrobacter luteus2 at a
concentration of 10 U/µL by dissolving the quantity stated by the manufacturer (U/mg) in
a solution containing 10% (v/v) Buffer C. [Note—Unused solution can be stored at NMT
15 with an expiration date of 1 year. Every time a different lot of lyticase is used, the
concentration of lyticase solution required needs to be qualified. ]
(1,6)-Glucanase solution: 1U/300 µL solution of lyophilized (1,6)-glucanase3 in Buffer A.
[Note—Solids may not fully dissolve; therefore, this solution should be handled as a

PF 37(5): Sep.-Oct. 2011

161

homogeneous suspension. The solution is stable for at least 60 days at NMT 15 . ]
Polishing enzyme mix: Mix 2000 U of exo-beta-glucanase4 and 400 U of betaglucosidase5 in 100.0 mL of Buffer A. A premix of the enzymes may be used as an
alternative6. [Note—Store on ice during the procedure, and for use in a same-day assay.
Unused Polishing enzyme mix can be refrozen once at NMT 15 with an expiration date
of 2 years. ]
Glucose oxidase/peroxidase reagent: Dissolve the contents of the Glucose
Determination Reagent 7 in 1 L of water containing 50 mL of Buffer D. [Note—Store the
reagent in an amber bottle, and label with an expiration date of 3 months at a
temperature between 2 and 8 or 1 year at NMT 17 . Minimize the time spent at room
temperature. ]
Sample solution: Transfer 15–20 mg of Beta Glucan into a 16- × 100-mm glass vial. Place
the vial in an ice bath. Add a 0.4-mL aliquot of cold potassium hydroxide (1 in 6) while
mixing on a vortex mixer to disperse the powder. Return the vial to the ice bath. Continue
cycling through mixing on a vortex mixer and placing the vials in the ice bath for 20 min.
The mixture should turn into a homogenous, translucent dispersion.
Standard solution: Proceed as directed for the Sample solution except replace Beta
Glucan with USP Beta Glucan RS. [Note—Prepare the Sample solution and Standard
solution in triplicate. It is critical for the success of the assay that the sample is well
dispersed. ]
Lyticase digestion: Upon removal of all vials containing the Sample solution or the
Standard solution from the ice bath, add 1.6 mL of Buffer B and 600 µL of Lyticase
solution to each vial. Incubate the mixture at 50 for 12–18 h, and cool to room
temperature.
(1,6)-Glucanase digestion: After cooling of all vials, remove a 130-µL aliquot of each vial,
and digest further by adding 25 µL of 16.7% potassium hydroxide solution and 300 µL of
(1,6)-Glucanase solution. Incubate vials at 80 for 15 min, and cool to room temperature.
Beta glucanase/glucosidase digestion: After cooling of all vials, add 390 µL of the
Polishing enzyme mix to each vial, and incubate the vials at 40 for 1 h. Cool them to
room temperature, centrifuge, and transfer 50-µL aliquots (in duplicate) to new vials.
Enzyme blank solution: Prepare enzyme blanks in triplicate by combining all the reagents
used during the digestion steps except the Sample solution or Standard solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 510 nm
Analysis: Dilute the 50-µL aliquots obtained after the Beta glucanase/glucosidase digestion
with 50 µL of water, and then add 3 mL of Glucose oxidase/peroxidase reagent. Incubate
the vials for 20 min at 40 . Determine the absorbance of each vial of the Sample solution
or Standard solution against the Enzyme blank solution. Prepare a standard curve using
the absorbance of similarly treated series of glucose standards (0, 0.1, 0.25, 0.5, and 1.0
mg/mL). From the slope of the standard curve and the absorbance of the digested Sample
solution and Standard solutions, determine the concentration, C, in mg/mL, of liberated
glucose in the cuvette:
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Result = (AS

AB)/slope

A=
S average absorbance of the sample or USP Beta Glucan RS
A=
B average absorbance of the Enzyme blank solution
Calculate the percentage of beta glucan as glucose in the portion of Beta Glucan taken:
Result = 100 × C/{[(WT S/F1) × (F2/F3)]/2}
WT=
S original weight of the sample or USP Beta Glucan RS (mg)
F1 = total volume in the vial during Lyticase digestion, 2.6 mL
F2 = volume of the sample or USP Beta Glucan RS transferred to a new vial during (1,6)Glucanase digestion, 0.130 mL
F3 = total volume during Beta glucanase/glucosidase digestion, 0.845 mL
Acceptance criteria: NLT 70% beta glucan, calculated as glucose after enzymatic
hydrolysis, on the dried basis
• Content of Protein
Sample: 1.0 g of Beta Glucan
Analysis: Proceed as directed in Nitrogen Determination 461 , and multiply the nitrogen
content by 6.25.
Acceptance criteria: NMT 10.0%
• Content of Fat
Sample: 2 g of Beta Glucan, previously dried
Analysis: Transfer the Sample to an extraction thimble, and mix with an equivalent
quantity of dry, clean sand. Place a fat-free cotton or glass wool plug on top of the
thimble. Place the thimble in a continuous-extraction apparatus provided with a tared
collection flask. Pour 75 mL of solvent hexane through the sample into the collection flask.
Extract at a condensation rate of 5–6 drops/s for 4 h, then at a rate of 2–3 drops/s for
the next 16 h. Detach the collection flask, carefully evaporate the solvent, and dry the
collection flask and its contents in a drying oven at 100 for 30 min to constant weight.
Calculate the percentage of the extract (crude fat) in the portion of Beta Glucan taken.
Acceptance criteria: NMT 20.0%
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 0.5 µg/g
Mercury: NMT 0.1 µg/g

233

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed 2
× 104 cfu/g, the total combined molds and yeasts count does not exceed 2.5 ×101 cfu/g,
and the bile-tolerant Gram-negative bacteria does not exceed 10 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
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• Glycogen
Buffer B: Prepare as directed in Content of Beta Glucans.
Amyloglucosidase/invertase solution8 : A mixture of 1630 U/mL of amyloglucosidase and
500 U/mL of invertase in glycerol solution (50% v/v)
Sample: 100 mg
Analysis: Transfer the Sample in triplicate into individual 16- × 150-mm glass screw-cap
vials. Place the vials in an ice bath, and add to each vial a 2-mL aliquot of cold potassium
hydroxide (1 in 6) while mixing on a vortex mixer to disperse the powder. Return the vial to
the ice bath. Continue cycling through mixing on a vortex mixer and placing vials in the ice
bath for 20 min. The mixture should turn into a homogenous, translucent dispersion. Add 8
mL of Buffer B. Mix thoroughly on a vortex mixer, and immediately add 200 µL of
Amyloglucosidase/invertase solution, and mix again on a vortex mixer. Incubate the
mixture at 40 for 30–35 min. Cool to room temperature. Mix again on a vortex mixer,
transfer to a suitable centrifuge tube, and centrifuge until a clear supernatant is obtained.
Transfer duplicate 50-µL aliquots of supernatant into new vials, and proceed as directed
for the Analysis in Content of Beta Glucan.
Acceptance criteria: NMT 1.0%
• Mannose
Solution A: 100% purified water
Solution B: 956 mM sodium hydroxide
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
36.0
64.0
15.0
36.0
64.0
35.0 (sample injection)
59.4
40.6
80.0
59.4
40.6
[Note—The run time typically required is 80 min.]
Internal standard solution: 0.8 mg/mL of USP Inositol RS in water
Sample solution: Weigh 2.0–4.0 mg of Beta Glucan in duplicate into vials with stir bars.
Add 500 µL of pure trifluoroacetic acid (TFA), and allow the mixture to form a uniform
dispersion by stirring for 1 h at room temperature. Incubate in a 80 water bath for 2 h
with stirring, and then cool to room temperature. Add 100 µL of the Internal standard
solution to each vial, and incubate with stirring in a boiling water bath for 15 min. Cool
again to room temperature, then add 1.07 mL of water to each vial, and incubate with
stirring in a boiling water bath for 1 h. Cool the solutions to room temperature, and dry
overnight on a SpeedVac, or equivalent, at low heat with the cryopumping system off.
Dissolve the dried preparation in 2.5 mL of deionized water, and pass through a PTFE
syringe filter of 0.2-µm pore size. Dilute with an equal volume of water before injection.
Standard solutions: Prepare a 4-mg/mL solution of USP Dextrose RS and a 80-µg/mL
solution of USP Mannose RS. Separately transfer aliquots of these solutions to individual
vials (see Table 3). Prepare each standard in duplicate, and freeze-dry them. Treat the
freeze-dried vials as directed in the Sample solution, beginning with “Add 500 µL of pure
trifluoroacetic acid”.
Table 3
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Standard
µL/Vial
Identification
of 4 mg/mL
Number
Glucose
0
0
1
100
2
200
3
300
4
500
5
1000
Chromatographic system

Content
of Glucose
(µg)
0
400
800
1200
2000
4000

µL/Vial
of 80 µg/mL
Mannose
0
25
50
100
200
400

Content
of Mannose
(µg)
0
2
4
8
16
32

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Electrochemical detector
Detector mode: Pulsed amperometric detection
Detector range: 3000 µC (may be modified if needed)
Working electrode: Gold
Reference electrode: pH, silver-silver chloride
Electrochemical waveform: See Table 4.
Table 4
Time Potential Integration
(s)
(V)
0.00
0.10
0.20
0.10
Start
0.40
0.10
End
0.41
2.00
0.42

2.00

0.43
0.44

0.60
0.10

0.50

0.10

Column: 4-mm × 25-cm; packing L47
Guard column: 4-mm × 5-cm; packing L47
Column temperature: 30
Flow rate: 0.4 mL/min
Injection size: 10 µL
System suitability
Sample: Standard Identification #5
[Note—The relative retention times for inositol, mannose, and glucose are 0.68, 0.95 and
1.0, respectively.]
Suitability requirement:
Resolution: NLT 1.5 between mannose and glucose
Analysis
Samples: Standard solutions and Sample solution
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Calculate the ratios of the peak area response of the glucose and mannose to the peak
area response of the internal standard from the Standard solutions. Make two standard
response lines by plotting the peak area response ratio versus the amount (µg) of the
glucose and mannose in the Standard solutions. Calculate the ratio of the peak area
response of the glucose and mannose to the peak area response of the internal standard
from the Sample solution. From the calculated ratios of peak responses for glucose and
mannose and their respective standard response lines, determine the content of glucose,
CG, and mannose, CM, both in µg, in the Sample solution.
Calculate the percentage of mannose in the portion of Beta Glucan taken:
Result = CM/(CM + CG) × 100
C=
M content of mannose in the Sample solution from the mannose regression line (µg)
C=
G content of glucose in the Sample solution from the glucose regression line (µg)
Acceptance criteria: NMT 1.0% mannose, as a function of total hexose recovered
(glucose and mannose)
• Residue on Ignition 281 : NMT 2.5%
• Loss on Drying 731
Sample: 1 g
Analysis: Dry the Sample at 105 for 3 h
Acceptance criteria: NMT 8.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight and light-resistant containers.
• USP Reference Standards
USP Beta Glucan RS
USP Dextrose RS
USP Inositol RS
USP Mannose RS

11

2S (USP35)

1 This buffer is also available as Bottle #3 of the K-YBGL kit (Megazyme), or Bottle #1 of the GOPOD kit
(Megazyme).
2 Lyticase from Arthrobacter luteus, Sigma L4025, or equivalent.
3 C ommercially available as Pustulanase, C el136, Prokazyme, or equivalent.
4 E-EXBGL 200 U/mL, 200 U/bottle, Megazyme, or equivalent.
5 200 U/bottle, Megazyme, or equivalent.
6 E-EXBGOS, Megazyme, or equivalent.
7 Bottle #4 of K-YBGL kit, or Bottle #2 of GOPOD kit, Megazyme, or equivalent.
8 Alternatively, Bottle #2 of K-YBGL kit (Megazyme, or equivalent) could be used directly.

BRIEFING
Diosmin. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is proposed. The liquid chromatographic procedures in the Assay and the test for
Related Compounds are based on analyses performed with the Scharlau (Macherey-Nagel)
Nucleosil 120, brand of L1 column. Typical retention times observed for acetoisovanillone,
hesperidin, isorhoifolin, diosmin, linarin, and diosmetin are 2.2, 2.8, 3.4, 4.4, 11.1, and 19.5
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min, respectively.
(DS: H. Dinh.)
Correspondence Number—C95024

Comment deadline: November 30, 2011
Add the following:
Diosmin

C28 H32 O15

608.55

5-Hydroxy-2-(3-hydroxy-4-methoxyphenyl)- 7-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy -6[[(2R,3R,4R,5R,6S) -3,4,5-trihydroxy-6-methyloxan-2-yl]oxymethyl]oxan-2-yl]oxychromen-4one;
7-[[6-O-(6-Deoxy- -l-mannopyranosyl)- -d-glucopyranosyl]oxy]-5-hydroxy-2-(3-hydroxy-4methoxyphenyl)-4H-1-benzopyran-4-one
[520-27-4].
DEFINITION
Diosmin contains NLT 90.0% and NMT 102.0% of diosmin (C28 H32 O15 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol, acetonitrile, acetic acid, and water (27:2:6:65)
Standard solution: 1.0 mg/mL of USP Diosmin RS in dimethyl sulfoxide
System suitability solution: 1 mg/mL of USP Diosmin for System Suitability RS in dimethyl
sulfoxide
Sample solution: 1.0 mg/mL of Diosmin in dimethyl sulfoxide
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection size: 10 µL
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System suitability
Samples: System suitability solution and Standard solution. [Note— Allow the run time
about 6 times the diosmin retention time. The relative retention times for diosmin,
acetoisovanillone, hesperidin, isorhoifolin, linarin, and diosmetin are 1, 0.5, 0.6, 0.8, 2.6,
and 4.5, respectively. ]
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the Reference Chromatogram provided with the USP Diosmin for System
Suitability RS being used.
Resolution: NLT 2.5 between hesperidin and isorhoifolin, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diosmin (C28 H32 O15 ), in the portion of Diosmin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Diosmin RS in the Standard solution (mg/mL)
C=
U concentration of Diosmin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281
Sample: 1.0 g
Acceptance criteria: NMT 0.2%
• Heavy Metals, Method II 231
Sample: 2.0 g
Acceptance criteria: NMT 20 ppm
• Limit of Iodine
Determine the total content of iodine by potentiometry, using an iodide-selective
electrode, after oxygen flask combustion (see Oxygen Flask Combustion 471 ).
Sample solution: [Caution—Observe rigorously the precautions set forth for Procedure
under Oxygen Flask Combustion 471 . ] Wrap 0.100 g of Diosmin in a piece of freehalide filter paper, and place it in the platinum gauze specimen holder. Introduce into the
flask 50.0 mL of a 0.2 g/L solution of hydrazine. Flush the flask with oxygen for 10 min.
Ignite the filter paper. Stir the contents of the flask immediately after the end of the
combustion to dissolve completely the combustion products. Continue stirring for 1 h.
Standard solution: 33.2 µg/mL of potassium iodide in water, equivalent to 25.4 µg/mL of
iodine
Potassium nitrate solution: 200 mg/mL of potassium nitrate in 0.1 M nitric acid
Analysis
Samples: Sample solution and Standard solution
Transfer 30 mL of Potassium nitrate solution to a beaker, immerse the electrodes, and
stir for 10 min. The potential (nU1) must remain stable. Measure the potential (nU1). Add
1 mL of the Sample solution, and measure the potential (nU2).
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Transfer 30 mL of Potassium nitrate solution to a beaker, immerse the electrodes, and
stir for 10 min. The potential (nS1) must remain stable. Measure the potential (nS1). Add
80 µL of the Standard solution, and measure the potential (nS2).
Acceptance criteria: NMT 0.1%: The absolute value |(nU2)

(nU1)| is not higher than

the absolute value |(nS2) (nS1)|.
• Related Compounds
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay
Standard solution: 0.05 mg/mL of USP Diosmin RS in dimethyl sulfoxide
System suitability
Sample: System suitability solution. [Note— Allow the run time about 6 times that of the
diosmin retention time. The relative retention times for diosmin, acetoisovanillone,
hesperidin, isorhoifolin, linarin, and diosmetin are 1, 0.5, 0.6, 0.8, 2.6, and 4.5,
respectively. ]
System suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the Reference Chromatogram provided with the USP Diosmin for System
Suitability RS being used.
Resolution: NLT 2.5 between hesperidin and isorhoifolin, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Diosmin taken: [Note
—Disregard any impurity less than 0.1%. ]
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for diosmin from the Standard solution
C=
S concentration of USP Diosmin RS in the Standard solution (mg/mL)
C=
U concentration of Diosmin in the Sample solution (mg/mL)
F= correction factor for each individual impurity (see Table 1)
Acceptance criteria
Total impurities: NMT 10%
Individual impurities: See Table 1.
Total other impurities and acetoisovanillone: NMT 1%
Table 1

Name
Acetoisovanillonea
Hesperidinb
Isorhoifolinc
Linarind
Diosmetine
Any other impurity
Total impurities

Relative
Retention
Time
0.5
0.6
0.8
2.6
4.5
—
—

Correction
Factor
(F)

Acceptance
Criteria,
NMT (%)

0.3
1
1
1
0.5
1
—

1
5
3
3
3
1
10
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a 1-(3-Hydroxy-4-methoxyphenyl)ethanone.
b (2S)-7-[[6-O-(6-Deoxy- -l-mannopyranosyl)- -d-glucopyranosyl]oxy]-5-hydroxy-2(3- hydroxy-4-methoxyphenyl)-2,3-dihydro-4H-1-benzopyran-4-one.
c 7-[[6-O-(6-Deoxy- -l-mannopyranosyl)- -d-glucopyranosyl]oxy]-5-hydroxy-2-(4hydroxyphenyl)- 4H-1-benzopyran-4-one.
d 7-[[6-O-(6-Deoxy- -L-mannopyranosyl)- -d-glucopyranosyl]oxy]-5-hydroxy-2-(4methoxyphenyl)- 4H-1-benzopyran-4-one.
e 5,7-Dihydroxy-2-(3-hydroxy-4-methoxyphenyl)-4H-1-benzopyran-4-one.
SPECIFIC TESTS
• Water Determination, Method Ia 921
Sample: 0.3 g
Acceptance criteria: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, tight containers.
• USP Reference Standards 11
USP Diosmin RS
USP Diosmin for System Suitability RS
2S (USP35)

BRIEFING
Krill Oil. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is proposed. The gas chromatographic procedures in the tests for Fatty Acid
Profile and Content of EPA and DHA are based on analysis performed with a 0.25-mm × 30-m
fused silica capillary column bonded with a 0.25-µm film of phase G16. The typical retention
times for eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are about 37.5 and
52.1 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C89626

Comment deadline: November 30, 2011
Add the following:
Krill Oil
DEFINITION
Krill Oil is the fixed oil extracted from frozen and crushed Antarctic krill (Euphausia superba
Dana) with acetone. Krill Oil contains NLT 12.0% (w/w) of eicosapentaenoic acid (EPA) and NLT
7.0% (w/w) of docosahexaenoic acid (DHA) in the form of phospholipids. It also contains NLT
0.1% and NMT 0.15% of astaxanthin.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 300–700 nm
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Sample solution: Prepare as directed for the Sample solution in the test for Content of
Astaxanthin.
Acceptance criteria: The UV-Vis spectrum of the Sample solution exhibits a single
maximum at about 486 nm.
• B. Fatty Acid Profile
Antioxidant solution: 0.05 mg/mL of butylated hydroxytoluene in hexane
System suitability solution: Prepare a mixture containing accurately weighed and equal
amounts of methyl palmitate, methyl stearate, methyl arachidate, and methyl behenate in
Antioxidant solution.
Standard solution: Transfer 50 mg of USP Krill Oil RS to a quartz tube, add 1 mL of
Antioxidant solution, and mix. Evaporate with a gentle stream of nitrogen. Add 1.5 mL of a
2% solution of sodium hydroxide in methanol, cap tightly with a polytetrafluoroethylenelined cap, mix, and heat in a water bath for 7 min. Cool, add 2 mL of a 120-mg/mL solution
of boron trichloride in methanol, cover with nitrogen, cap tightly, mix, and heat in a water
bath for 30 min. Cool to 40 –50 , add 1 mL of isooctane, cap, and mix in a vortex mixer or
shake vigorously for at least 30 s. Immediately add 5 mL of saturated sodium chloride
solution, cover with nitrogen, cap, and mix in a vortex mixer or shake thoroughly for at
least 15 s. Allow the upper layer to become clear, and transfer to a separate tube. Repeat
the extraction once more with 1 mL of isooctane, and combine the isooctane extracts.
Wash the combined extracts twice with 1 mL of water, and dry over anhydrous sodium
sulfate.
Sample solution: Proceed as directed for the Standard solution, except to replace USP
Krill Oil RS with Krill Oil.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary column bonded with a 0.25-µm film of
phase G16
Temperature
Injector: 250
Detector: 280
Column: See Table 1.
Table 1
Hold Time
Initial
at Final
Temperature
Temperature Ramp Final Temperature
Temperature
( )
( /min)
( )
(min)
170
1
225
20
Carrier gas: Helium
Split flow ratio: 200:1
Injection size: 1 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Chromatogram similarity: The chromatogram obtained from the Standard solution is
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similar to the reference chromatogram provided with the lot of USP Krill Oil RS being
used.
Resolution: NLT 1.3 between the methyl oleate and methyl cis-vaccinate peaks,
Standard solution
Theoretical area percentages: 24.4 ± 1 for methyl palmitate, 24.8 ± 1 for methyl
stearate, 25.2 ± 1 for methyl arachidate, and 25.6 ± 1 for methyl behenate, System
suitability solution
Analysis
Sample: Sample solution
Identify the retention times of the relevant fatty acid methyl esters in the Sample
solution by comparing the chromatogram of the Sample solution with that of the
Standard solution and the reference chromatogram.
Calculate the area percentage for each fatty acid as methyl esters in the portion of Krill
Oil taken:
Result = (rA/rB) × 100
r=
A peak area of each individual fatty acid from the Sample solution
r=
B total peak area from all peaks, except the solvent and butylated hydroxytoluene
peaks, from the Sample solution
Table 2
Shorthand Lower Limit Upper Limit
Notation
(Area %)
(Area %)

Fatty Acid
Monounsaturated fatty acids
Palmitoleic acid
16:1 n-7
4.2
6.9
cis-Vaccenic acid
18:1 n-7
6.8
7.0
Oleic acid
18:1 n-9
9.5
10.9
Eicosenic acid
20:1 n-9
0.5
0.9
Erucic acid
22:1 n-9
0.0
0.1
Polyunsaturated fatty acids
Linoleic acid
18:2 n-6
1.4
1.7
-Linolenic acid
18:3 n-3
0.5
1.9
Moroctic acid
18:4 n-3
2.6
6.3
Eicosapentaenoic acid
20:5 n-3
19.5
22.1
Dososapentaenoic acid
22:5 n-3
0.4
0.4
Docosahexaenoic acid
22:6 n-3
10.9
13.2
Acceptance criteria: The fatty acids obtained from the Sample solution meet the limit
requirements in Table 2.
• C. Phospholipid profile
Phosphatidic acid standard solution: 10 mg/mL of 3-sn-phosphatidic acid sodium salt
from egg yolk1 in n-hexane
Phosphatidylinositol standard solution: 10 mg/mL of l- -phosphatidylinositol from
Glycine max2 in n-hexane
Phosphatidylcholine standard solution: 10 mg/mL of USP Phosphatidylcholine RS in nhexane
Lysophosphatidylcholine standard solution: 10 mg/mL of USP Lysophosphatidylcholine
RS in n-hexane
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Total phospholipid extraction: Transfer 25 mL of methanol to a 40-mL centrifuge tube,
and add 2.5 g of Krill Oil. Mix on a vortex mixer, and then centrifuge for 5 min at 5000 rpm.
Carefully transfer the top phase from the centrifuge tube to a 250-mL round-bottomed
flask. Avoid the bottom phase, which is rich in triglycerides. Dry the mixture in the flask at
45 under vacuum, gradually decreasing pressure from 275 mbar to 30 mbar. Add 8 mL of
acetone–saline (9:1) to the flask, and agitate it to achieve good dispersion of the oil.
Transfer the resulting mixture into a clean 40-mL centrifuge tube, add 25 mL of acetone,
shake well, and centrifuge for 5 min at 5000 rpm. Remove as much of the top phase as
possible, and discard it. Add another 25-mL portion of acetone to the tube, shake well,
and centrifuge for 5 min at 5000 rpm. Once again, remove as much of the top phase as
possible, and discard it. Use the bottom layer for preparing the Sample solution.
Sample solution: 10 mg/mL of the extract obtained from the Total phospholipid extraction
in n-hexane
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 100 µL
Developing solvent system A: Chloroform, methanol, and 7 N ammonium hydroxide
(130:60:8)
Developing solvent system B: Chloroform, methanol, glacial acetic acid, and water
(170:25:25:6)
Iodine vapor saturated chamber: Transfer 4 g of iodine crystals to a small watch
glass, and place into the chromatography chamber. Allow the chamber to become
saturated for at least 2 h.
Analysis: Apply the Sample solution to the lower right-hand corner of a dry 20-cm × 20cm TLC plate such that the application spot is 2 cm from both edges forming the corner.
Using five identical TLC plates, repeat for each of the Standard solutions so that there is
only one material applied per TLC plate. Develop the plates in tanks containing Developing
solvent system A for 90 min, or until the solvent front has moved nearly the entire length
of the plate. Dry the plates for 30 min at room temperature. Next, turn each plate 90 in a
clockwise direction (the original application spot of each sample, if visible, will now be at
the lower left-hand corner of the plates). Develop each plate again in a tank containing
Developing solvent system B for an additional 90 min. Remove all plates from the solvent,
and allow to dry. Once dry, transfer the plates to the Iodine vapor saturated chamber
until the spots on the plates are clearly visible. Remove the plates from the chamber, and
identify the spots on the plate spotted with the Sample solution by comparing the
location and color of each developed spot with those visible on the plates containing each
of the Standard solutions.
Acceptance criteria: The plate from the Sample solution contains a spot of similar color
and location to the principal spots from each of the Standard solutions, indicating the
presence of all four classes of phospholipids.
COMPOSITION
• Content of EPA and DHA
(See Fats and Fixed Oils

401 , Omega-3 Fatty Acids Determination and Profile.)
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Chromatographic system: Proceed as directed in the test for Fatty Acid Profile.
Analysis
Samples: Standard Solution 1, Standard Solution 2, Test Solution 1, and Test Solution 2
Identify the retention times of the relevant fatty acid methyl esters peaks by comparing
the chromatogram of Standard Solution 2 to the reference chromatogram provided with
the lot of USP Krill Oil RS being used. Identify the retention time for the internal standard
peak in the chromatogram of Test Solution 2 by comparing with that of Test Solution 1.
Calculate the percentage of EPA or DHA in the portion of Krill Oil taken:
Result = (RU/RS) × (WS/WU) × F × 100
RS= peak response ratio of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 2
W=
S weight of either USP Docosahexaenoic Acid Ethyl Ester RS or USP Eicosapentaenoic
Acid Ethyl Ester RS used to prepare Standard Solution 1 (mg)
W=
U weight of the Krill Oil taken to prepare Test Solution 2 (mg)
F = factor to express the content of DHA (0.921) and EPA (0.915) as free fatty acids
RU= peak response ratio of either EPA or DHA to the corrected peak response of the
internal standard in the chromatogram of Test Solution 2 calculated as follows:
RU = 1/[(rU2/rT2)

(rU1/rT1)]

rU2
= peak response of the peak at the locus of the internal standard in the chromatogram
of Test Solution 2
rT2= peak response of EPA or DHA in the chromatogram of Test Solution 2
rU1
= peak response of any peak at the locus of the internal standard in the chromatogram
of Test Solution 1
rT1= peak response of EPA or DHA in the chromatogram of Test Solution 1. [Note—If no
peak is found at the locus of the internal standard in the chromatogram of Test
Solution 1, RU = rT2/rU2. ]
Acceptance criteria: NLT 12.0% (w/w) of EPA and NLT 7.0% (w/w) of DHA
• Astaxanthin Esterification
Standard solution A: 10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis
RS in acetone
Standard solution B: 10 mg/mL of USP Astaxanthin (Synthetic) RS in acetone
Sample solution: 10 mg/mL of Krill Oil in acetone
Chromatographic system
(See Chromatography
Mode: TLC

621 , Thin-Layer Chromatography.)

Adsorbent: 0.25-mm layer of chromatographic silica gel. [Note—Dry silica gel at 110 for
1 h before use. ]
Application volume: 5 µL
Developing solvent system: Hexane and acetone (70:30)
Analysis: Standard solution A, Standard solution B, and Sample solution.
Develop the chromatogram in the Developing solvent system until the solvent front has
moved about 15 cm of the length of the plate. Remove the plate from the chamber, and
allow to dry.
Acceptance criteria: The principal spot from Standard solution B, located in the bottom
half of the plate, is free astaxanthin. The Sample solution may exhibit a light, minor spot,
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in the same location. The principal spots from Standard solution A are from monoesters
(primary spot, located slightly above the middle of the plate) and diesters (secondary
spot, located in the top third of the plate). The principal spot from the Sample solution
should correspond in color and RF value to the diester spot from Standard solution A. The
secondary spot from the Sample solution should correspond in color and approximately the
same RF value to the monoester spot from Standard solution A. [Note—Slight differences
in RF values within monoester spots and within diester spots may exist because of
different intensities. ]
• Content of Astaxanthin
[Note—Perform this analysis in subdued light, using low-actinic glassware. ]
Sample solution: 0.005 g/mL in chloroform. [Note—If the solution is not clear, centrifuge it
with an appropriate centrifuge to obtain a clear supernatant. ]
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 486 nm
Cell path: 1 cm
Blank: Chloroform
Analysis
Sample: Sample solution

851 .)

Calculate the percentage of astaxanthin in the portion of Krill Oil taken:
Result = A/(F × C)
A= absorbance of the Sample solution
F= 1692, coefficent of extinction (E1% ) of pure astaxanthin in chloroform (100 mL · g
·cm 1)
1
C= concentration of Sample solution (g/mL)
Acceptance criteria: 0.10%–0.15%
CONTAMINANTS
• Fats and Fixed Oils 401 : NMT 0.1 ppm each of Pb, Cd, inorganic As, and Hg
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls
Analysis: Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by method No. 1613 revision B of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by method
No. 1668 revision A of the Environmental Protection Agency.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 2.0 pg/g of WHO toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs (polychlorinated biphenyls,
non-ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB-169, and mono-ortho
IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and
PCB-189) is NMT 3.0 pg/g of WHO toxic equivalents.The total PCBs including IUPAC
congeners 28, 52, 101, 118, 138, 153, and 180 is NMT 8.0 pg/g of WHO toxic equivalents.
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : 170 –190

• Fats and Fixed Oils, Anisidine Value

401 : NMT 2.1
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• Fats and Fixed Oils, Peroxide Value

401 : NMT 0.2 mEq peroxide/kg

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)

401 : NMT 2.5, calculated:

Result = (2 × PV) + AV
PV
= peroxide value
AV
= anisidine value
• Fats and Fixed Oils, Unsaponifiable Matter

401 : NMT 1.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature. It may be bottled or otherwise packaged in containers from
which air has been expelled by production of a vacuum or by an inert gas.
• Labeling: The label states the average content of DHA and EPA in mg/g. It also states the
name and concentration of any added antioxidant.
• USP Reference Standards 11
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Astaxanthin (Synthetic) RS
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Krill Oil RS
USP Lysophosphatidylcholine RS
USP Methyl Tricosanoate RS
USP Phosphatidylcholine RS
2S (USP35)

1 Phosphatidic acid can be obtained from Sigma-Aldrich C o., C atalog No. P9511 or equivalent.
2 Phosphatidylinositol can be obtained from Sigma-Aldrich C o., C atalog No. P6636, or equivalent.

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, NF 29 page 1415, page 5355 of
the Second Supplement to USP 34, and PF 37(4) [July–Aug. 2011]. It is proposed to add
Ferrosoferric Oxide to the Color category to complement the proposed new monograph for
Ferrosoferric Oxide, which appears elsewhere in this issue of PF.
(EM1; EM2:.)

Correspondence Number—C88097; C93494

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Color
Caramel
Ferric Oxide, red, yellow, or blends
Ferrosoferric Oxide 2S (NF30)
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2S (NF30)

BRIEFING
Ferrosoferric Oxide. Because there is no existing NF monograph for this excipient, a new
monograph is being proposed based on the validated methods.
(EXC: R. Lafaver. NSL: A. Wilk. GCM: R. Tirumalai.)
Correspondence Number—C88097

Comment deadline: November 30, 2011
Add the following:
Ferrosoferric Oxide
Fe3 O4 (FeO·Fe2 O3 )
231.54
Magnetite;
Ferrous-ferric oxide;
Iron (II, III) oxide
[1317-61-9].
DEFINITION
Ferrosoferric Oxide contains NLT 97.0% and NMT 100.5% of Fe2 O3 , calculated on the ignited
basis.
IDENTIFICATION
• A.
Sample solution: Dissolve 0.1 g in 5 mL of hydrochloric acid, and dilute with water to 50
mL.
Analysis 1: Transfer 5 mL of the Sample solution to a test tube, and add a few drops of
potassium ferrocyanide TS.
Analysis 2: Transfer 5 mL of the Sample solution to a test tube, and add a few drops of
potassium ferricyanide TS.
Acceptance criteria: For both Analysis 1 and Analysis 2, a blue precipitate (Prussian blue)
is formed, which does not dissolve in dilute hydrochloric acid subsequently added. The
precipitate dissolves in oxalic acid and sodium or potassium hydroxide.
• B. Ferrosoferric Oxide presents as black powder, which is distinguished from ferric oxide
exhibiting two basic colors (red and yellow). It is attracted to a magnet.
ASSAY
• Procedure
To enable the calculation of the percentage of Fe2 O3 on the ignited basis, ignite about 2 g
at 800 ± 25 to constant weight as directed in Loss on Ignition
Ferrosoferric Oxide is hygroscopic. ]
Sample: 1.5 g
Blank: 25 mL of hydrochloric acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration

733 . [Note—Ignited
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Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Digest the Sample in 25 mL of hydrochloric acid on a water bath until dissolved.
Add 10 mL of hydrogen peroxide TS, and evaporate on a water bath almost to dryness in
order to volatilize all hydrogen peroxide. Dissolve the residue by warming with 5 mL of
hydrochloric acid; add 25 mL of water; filter into a 250-mL volumetric flask, washing the
filter with water; and add water to volume. Transfer a 50-mL aliquot to a glass-stoppered
flask, add 3 g of potassium iodide and 5 mL of hydrochloric acid, and insert the stopper
into the flask. Allow the mixture to stand for 15 min, add 50 mL of water, and titrate the
liberated iodine with 0.1 N sodium thiosulfate VS, using starch TS as the indicator. Perform
a blank determination in the same manner.
Calculate the percentage of the labeled amount of ferrosoferric oxide (Fe2 O3 ) in the
portion of the Sample taken:
Result ={[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 79.85 mg/mEq
W= weight of the Sample, calculated with a correction for Loss on ignition (mg)
Acceptance criteria: 97.0%–100.5% on the ignited basis
IMPURITIES
• Limit of Arsenic (As) and Antimony (Sb)
[Note—Select all reagents to have as low contents of heavy metals as practicable, and store
all reagent solutions in containers of borosilicate glass. Cleanse all glassware before use by
soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Solvent: 10% hydrochloric acid in water
Standard stock solution: Prepare a solution containing 2 ppm of arsenic or antimony from
an Arsenic or Antimony ICP/AA standard solution in Solvent. [Note—A commercially
available certified standard solution can be used. ]
Sample stock solution: In a 100-mL volumetric flask, dissolve 5.0 g of Ferrosoferric Oxide
in 50 mL of hydrochloric acid by heating without boiling for about 1 h until the sample is
dissolved. Cool down to room temperature. Pass through a filter, if necessary. Dilute with
water to volume. Transfer 20.0 mL of the solution to a 100-mL volumetric flask, add 40 mL
of ascorbic acid solution (200 mg/mL of ascorbic acid in water) and 20 mL of potassium
iodide solution (400 mg/mL of potassium iodide in water), and dilute with water to volume.
[Note—Reduce arsenic or antimony to the lowest possible oxidation state. ]The resulting
solution contains 10 mg/mL (g/L) of Ferrosoferric Oxide.
Sample solution A: Transfer 20 mL of the Sample stock solution to a 100-mL volumetric
flask. Dilute with Solvent to volume. The resulting solution contains 2 mg/mL (g/L) of
Ferrosoferric Oxide.
Sample solution B: Transfer 20 mL of the Sample stock solution to a 100-mL volumetric
flask. Add 25 mL of the Standard stock solution, and dilute with Solvent to volume.
Sample solution C: Transfer 20 mL of the Sample stock solution to a 100-mL volumetric
flask. Add 50 mL of the Standard stock solution, and dilute with Solvent to volume.
Blank: Solvent
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Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Arsenic hollow-cathode or antimony hollow-cathode
Flame: Air–acetylene
Analytical wavelength
Arsenic: 193.696 nm
Antimony: 217.581 nm
Analysis
Samples: Sample solution A, Sample solution B, and Sample solution C
[Note—To minimize matrix interference, it is recommended that the method of standard
additions be used.]
Determine the absorbances of the Samples against the Blank, and plot the corrected
absorbances versus their added content of arsenic (or antimony) (0, 0.5, and 1.0 ppm).
Draw the straight line best fitting the three points, and extrapolate the line until it meets
the concentration axis. The distance between this point and the intersection of the axes
represents the concentration of arsenic (or antimony), CA, in ppm (µg/g) in the 2 mg/mL
of Ferrosoferric Oxide in Solvent.
Calculate the content of arsenic (or antimony), in µg/g, in the portion of Ferrosoferric
Oxide taken:
Result = CA × D
D= dilution factor, 25
Acceptance criteria
Arsenic: NMT 2 ppm
Antimony: NMT 5 ppm
• Limit of Cadmium (Cd) and Chromium (Cr)
[Note—Select all reagents to have as low contents of heavy metals as practicable, and store
all reagent solutions in containers of borosilicate glass. Cleanse all glassware before use by
soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Solvent: 10% hydrochloric acid in water
Standard stock solution: Prepare a solution containing 2 ppm of each of cadmium and
chromium from an ICP standard solution containing cadmium and chromium in Solvent.
[Note—A commercially available certified standard solution can be used. ]
Sample stock solution: In a 100-mL volumetric flask, dissolve 5.0 g of Ferrosoferric Oxide
in 50 mL of hydrochloric acid by heating without boiling for about 1 h until the sample is
dissolved. Cool down to room temperature. Pass through a filter, if necessary. Dilute with
water to volume. Transfer 20.0 mL of the solution to a 100-mL volumetric flask, and add
water to volume. The resulting solution contains 10 mg/mL of Ferrosoferric Oxide.
Sample solution A: Transfer 20 mL of the Sample stock solution to a 100-mL volumetric
flask. Dilute with Solvent to volume. The resulting solution contains 2 mg/mL of
Ferrosoferric Oxide.
Sample solution B: Transfer 20 mL of the Sample stock solution to a 100-mL volumetric
flask. Add 25 mL of the Standard stock solution, and dilute with Solvent to volume.
Sample solution C: Transfer 20 mL of the Sample stock solution to a 100-mL volumetric
flask. Add 50 mL of the Standard stock solution, and dilute with Solvent to volume.
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Blank: Solvent
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851

and Plasma Spectrochemistry

730 .)
Mode: Inductively coupled plasma–atomic emission spectrometer (ICP–AES)
Analytical wavelength
Cadmium: 228.802 nm
Chromium: 267.716 nm
Analysis
Samples: Sample solution A, Sample solution B, and Sample solution C
[Note—The operating conditions may be developed and optimized based on the
manufacturer’s recommendation.]
[Note—To minimize matrix interference, it is recommended that the method of standard
additions be used.]
Instrument performance must be verified to conform to the manufacturer’s specifications
for resolution and sensitivity. Before analyzing samples, the instrument must pass a
suitable performance check. Aspirate the Samples, at least in duplicate, and calculate the
average absorbances for each against the Blank. Plot the average absorbances of the
Samples versus their added content (0, 0.5, and 1.0 ppm) of cadmium (or chromium).
Draw the straight line best fitting the three points, and extrapolate the line until it
intercepts the concentration axis. The distance between this point and the intersection of
the axes represents the concentration of cadmium (or chromium), CC, in ppm (µg/g) in the
2 mg/mL of Ferrosoferric Oxide in Solvent.
Calculate the content of cadmium (or chromium), in µg/g, in the portion of Ferrosoferric
Oxide taken:
Result = CC × D
D= dilution factor, 25
Acceptance criteria
Cadmium: NMT 1 ppm
Chromium: NMT 100 ppm
• Limit of Lead (Pb)
[Note—Select all reagents to have as low contents of heavy metals as practicable, and store
all reagent solutions in containers of borosilicate glass. Cleanse all glassware before use by
soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Solvent: 4% hydrochloric acid and 8% nitric acid in water
Standard solution: Prepare a solution containing 25 ppb of lead in Solvent. [Note—A
commercially available certified standard solution can be used. ]
Sample stock solution: Dissolve 1.0 g of Ferrosoferric Oxide in 4 mL of hydrochloric acid
and 8 mL of nitric acid in a 100-mL volumetric flask by heating without boiling until the
sample is dissolved. Cool down to room temperature. Pass through a filter, if necessary.
Dilute with water to volume. The resulting solution in the flask contains 10 mg/mL of
Ferrosoferric Oxide.
Sample solution A: Transfer 10 mL of the Sample stock solution to a 100-mL volumetric
flask, and dilute with Solvent to volume. The solution contains 1 mg/mL of Ferrosoferric
Oxide.
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Sample solution B: Transfer 10 mL of the Sample stock solution to a 100-mL volumetric
flask. Add 4 mL of the Standard solution, and dilute with Solvent to volume.
Sample solution C: Transfer 10 mL of the Sample solution to a 100-mL volumetric flask.
Add 12 mL of the Standard solution, and dilute with Solvent to volume.
Sample solution D: Transfer 10 mL of the Sample solution to a 100-mL volumetric flask.
Add 20 mL of the Standard solution, and dilute with Solvent to volume.
Blank: Solvent
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with graphite heating device
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Analysis
Samples: Sample solution A, Sample solution B, Sample solution C, and Sample solution D
[Note—To minimize matrix interference, it is recommended that the method of standard
additions be used.]
Determine the absorbances of the Samples against the Blank, and plot the corrected
absorbances versus their added content (0, 1, 3, and 5 ppb) of lead. Draw the straight
line best fitting the four points, and extrapolate the line until it intercepts the
concentration axis. The distance between this point and the intersection of the axes
represents the concentration of lead, CL, in ppm (µg/g) in the 1 mg/mL of Ferrosoferric
Oxide.
Calculate the content of lead, in µg/g, in the portion of Ferrosoferric Oxide taken:
Result = CL × D
D= dilution factor, 10
Acceptance criteria: NMT 10 ppm
• Limit of Mercury (Hg) and Nickel (Ni)
[Note—Select all reagents to have as low contents of heavy metals as practicable, and store
all reagent solutions in containers of borosilicate glass. Cleanse all glassware before use by
soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Solvent: 10% hydrochloric acid in water
Standard solution: Prepare a solution containing 2 ppm of mercury (or nickel) from a
Mercury (or Nickel) ICP/AA standard solution in Solvent. [Note—A commercially available
certified standard solution can be used. ]
Sample stock solution: In a 100-mL volumetric flask, dissolve 5.0 g of Ferrosoferric Oxide
in 50 mL of hydrochloric acid by heating without boiling for about 1 h until the sample is
dissolved. Cool down to room temperature. Pass through a filter, if necessary. Dilute with
water to volume. Transfer 20.0 mL of the solution to a 100-mL volumetric flask, and add
water to volume. The resulting solution contains 10 mg/mL of Ferrosoferric Oxide.
Sample solution A: Transfer 20 mL of the Sample solution to a 100-mL volumetric flask.
Dilute with Solvent to volume. The resulting solution contains 2 mg/mL of Ferrosoferric
Oxide.
Sample solution B: Transfer 20 mL of the Sample solution to a 100-mL volumetric flask.
Add 25 mL of the Standard solution, and dilute with Solvent to volume.
Sample solution C: Transfer 20 mL of the Sample solution to a 100-mL volumetric flask.
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Add 50 mL of the Standard solution, and dilute with Solvent to volume.
Blank: Solvent
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Detection
Mercury: Flameless
Nickel: Air–acetylene flame
Lamp: Mercury hollow-cathode or nickel hollow-cathode
Analytical wavelength
Mercury: 253.7 nm
Nickel: 231.604 nm
Analysis
Samples: Sample solution A, Sample solution B, and Sample solution C
[Note—To minimize matrix interference, it is recommended that the method of standard
additions be used.]
Determine the absorbances of the Samples against the Blank, and plot the corrected
absorbances versus their content (0, 0.5, and 1.0 ppm) of mercury (or nickel). Draw the
straight line best fitting the three points, and extrapolate the line until it intercepts the
concentration axis. The distance between this point and the intersection of the axes
represents the concentration of mercury (or nickel), CS, in ppm (µg/g) in the 2 mg/mL of
Ferrosoferric Oxide in Solvent.
Calculate the content of mercury (or nickel), in µg/g, in the portion of Ferrosoferric Oxide
taken:
Result = CS × D
D= dilution factor, 25
Acceptance criteria
Mercury: NMT 1 ppm
Nickel: NMT 200 ppm
SPECIFIC TESTS
• Water-Soluble Substances
Sample: 2.0 g
Analysis: Digest the Sample in 100 mL of water on a boiling water bath for 2 h, filter, and
wash the filter with water. Evaporate the filtrate and washings, and dry the residue at
105 for 1 h.
Acceptance criteria: The weight of the dried residue is NMT 20 mg, corresponding to NMT
1.0%.
• Acid-Insoluble Substances
Sample: 2.0 g
Analysis: Digest the Sample in 25 mL of hydrochloric acid by boiling for 20 min. Add 100 mL
of hot water, and filter quantitatively through a tared filtering1 crucible , with the aid of
hot wash water, until the filtrate tests negative for chloride. Dry the crucible and
contents at 105 for 1 h.
Acceptance criteria: The weight of the residue is NMT 6 mg, corresponding to NMT 0.3%.
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• Organic Colors and Lakes
Analysis: Place 1.0 g in each of 3 beakers, and add 25 mL of each of the following
reagents, respectively: 1-chloronaphthalene, alcohol, and chloroform. Heat the beakers
containing alcohol and chloroform just to boiling. Heat the other beaker on a boiling water
bath for 15 min, with occasional swirling. Pass the contents of the beakers through
retentive, solvent-resistant filter paper.2 If any of the filtrates show visible turbidity,
centrifuge for 15 min. Record the spectra against respective solvent blanks in 1-cm cells
from 350–750 nm.
Acceptance criteria: No peak greater than three times the noise level is found.
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.
• pH

791 : 6–9 in a 10% suspension.

• Loss on Drying 731 :
Analysis: Dry a sample at 105 for 1 h.
Acceptance criteria: NMT 1.0% of its weight
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
2S (NF30)

1 A glass-filter disc (P4; pore size diameter 9 to 15-µm) can be used, or equivalent.
2 A PTFE-filter (diameter 25-mm, 0.2-µm pore size), or equivalent.

BRIEFING
Octoxynol 9, NF 29 page 1595. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Update the chemical names.
2.
Revise the Definition.
3.
Add an Identification test B based on HPLC peak agreement, using USP Octoxynol 9 RS
according to the newly added Assay.
4.
Add an Assay, in which the liquid chromatographic procedure is based on analyses
performed using a Waters Spherisorb ODS2 C18 brand of column that contains 5-µm
packing L1. The typical retention times for octoxynol 9 and nonoxynol 9 are 9.3 and
12.8 min, respectively.
5.
Add a test for Content of Free Polyethylene Glycol.
6.
Delete the test for Cloud Point.
7.
Add tests for Peroxide Value and Acid Value from the general chapter Fats and Fixed
Oils <401>.
8.
Update the Packaging and Storage section.
9.
Update the USP Reference Standards section.
(EXC: H. Wang.)
Correspondence Number—C100986

Comment deadline: November 30, 2011
Octoxynol 9
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Change to read:

Poly(oxy-1,2-ethanediyl), -(octylphenyl)- -hydroxy-;
Polyethylene glycol mono(octylphenyl) ether
Poly(oxy-1,2-ethanediyl),

-[4-(1,1,3,3-tetramethylbutyl)phenyl]- -hydroxy-;

-[4-(1,1,3,3,-Tetramethylbutyl)phenyl]- -hydroxypoly(oxy-1,2-ethanediyl);
Polyethylene glycol mono[p-(1,1,3,3-tetramethylbutyl)phenyl] ether;
Polyethylene glycol mono(4-tert-octylphenyl) ether 2S (NF30)
[9002-93-1].
DEFINITION
Change to read:
Octoxynol 9 is an anhydrous liquid mixture consisting chiefly of monooctylphenyl
mono[p-(1,1,3,3-tetramethylbutyl)]phenyl 2S (NF30)
ethers of polyethylene glycols, corresponding to:
C8 H17 C6 H4 (OCH2 CH2 )nOH
(CH3 )3 C(CH2 )C(CH3 )2 C6 H4 (OCH2 CH2 )nOH
in which the average value of n is about 9.
It contains NLT 90.0% and NMT 110.0% of Octoxynol 9.

2S (NF30)

2S (NF30)

IDENTIFICATION
Change to read:
•
A. 2S (NF30)
Infrared Absorption 197F : On undried specimen
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (NF30)
ASSAY
Add the following:
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Add the following:
• Procedure
Mobile phase: Methanol:water (4:1)
Standard solution: 25 mg/mL of USP Octoxynol 9 RS in Mobile phase
System suitability solution: 25 mg/mL of USP Octoxynol 9 RS and 25 mg/mL of USP
Nonoxynol 9 RS in Mobile phase
Sample solution: 25 mg/mL of Octoxynol 9 in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm, 5-µm packing L1
Column temperature: Ambient
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for octoxynol 9 and nonoxynol 9 are 1.0 and 1.4,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between octoxynol 9 and nonoxynol 9, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for octoxynol 9, including any
shoulders and bumps.
Calculate the percentage of octoxynol 9 in the portion of test specimen taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of octoxynol 9 from the Sample solution
rS= peak response of octoxynol 9 from the Standard solution
C=
S concentration of USP Octoxynol 9 RS in the Standard solution (mg/mL)
C=
U concentration of Octoxynol 9 in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% 2S (NF30)
Add the following:
• Content of Free Polyethylene Glycols
Sample: 10 g
Analysis: Transfer the Sample to a 250-mL beaker. Add 100 mL of ethyl acetate, and stir
on a magnetic stirrer to make a solution. Transfer, with the aid of 100 mL of 5 N sodium
chloride, to a pear-shaped, 500-mL separator fitted with a glass stopper. Insert the
stopper, and shake vigorously for 1 min. Remove the stopper carefully to release the
pressure. Immerse a thermometer in the mixture, and support the separator so that it is
partially immersed in a water bath maintained at 50 . Swirl the separator gently while
letting the internal temperature rise to 40 –45 . Immediately remove the separator from
the bath, dry the outside surface, and drain the salt (lower) layer into another pearshaped, 500-mL separator. In the same manner, extract the ethyl acetate layer a second
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time with 100 mL of fresh 5 N sodium chloride, combining the two aqueous extracts.
Discard the ethyl acetate layer.
Wash the combined aqueous layers with 100 mL of ethyl acetate, using the same
technique, and drain the salt (lower) layer into a clean pear-shaped, 500-mL separator.
Discard the ethyl acetate layer.
Extract the aqueous layer with two successive 100-mL portions of chloroform, draining the
chloroform (lower) layers through Whatman folded filter paper 2V, and combining them into
a 250-mL beaker.
Evaporate on a steam bath or with a rotary evaporator to dryness, and continue heating
to remove chloroform. Allow the beaker to cool. Add 25 mL of acetone, and dissolve the
residue on a magnetic stirrer. Pass through Whatman folded filter paper 2V into a tared
250-mL beaker, rinsing with two 25-mL portions of acetone. Evaporate on a steam bath or
with a rotary evaporator to dryness. Dry in vacuum at 60 for 1 h. Allow the beaker to
cool, and weigh.
Acceptance criteria: NMT 1.0% of polyethylene glycol 2S (NF30)
IMPURITIES
• Residue on Ignition 281 : NMT 0.4%
• Heavy Metals 231 : NMT 20 ppm
• Limit of Free Ethylene Oxide
Stripped octoxynol 9: Maintain Octoxynol 9 at a temperature of 150 with constant
stirring in an open vessel until it no longer displays a peak for ethylene oxide when
chromatographed as directed below.
Standard stock solution: [Note—Ethylene oxide is toxic and flammable. Prepare these
solutions in a well-ventilated hood, using great care. ] Chill all apparatus and reagents
used in the preparation of standards in a refrigerator or freezer before use. Fill a chilled
pressure bottle with liquid ethylene oxide from a lecture bottle, and store in a freezer
when not in use. Use a small piece of polyethylene film to protect the liquid from contact
with the rubber gasket. Transfer about 100 mL of chilled isopropyl alcohol to a 500-mL
volumetric flask. Using a chilled graduated cylinder, transfer 25 mL of ethylene oxide to
the isopropyl alcohol, and swirl gently to mix. Dilute with additional chilled isopropyl alcohol
to volume, replace the stopper, and swirl gently to mix. This stock solution contains about
43.6 mg/mL of ethylene oxide.
Standard solutions: Pipet 25 mL of 0.5 N alcoholic hydrochloric acid, prepared by mixing
45 mL of hydrochloric acid with 1 L of alcohol, into a 500-mL conical flask containing 40 g
of magnesium chloride hexahydrate. Shake the mixture to effect saturation. Pipet 10 mL of
the Standard stock solution into the flask, and add 20 drops of bromocresol green TS. If
the solution is not yellow (acid), add an additional volume, accurately measured, of 0.5 N
alcoholic hydrochloric acid to give an excess of about 10 mL. Record the total volume of
0.5 N alcoholic hydrochloric acid added. Insert the stopper into the flask, and allow to
stand for 30 min. Titrate the excess acid with 0.5 N alcoholic potassium hydroxide VS.
Perform a blank titration, using 10.0 mL of isopropyl alcohol instead of Standard stock
solution, adding the same total volume of 0.5 N alcoholic hydrochloric acid, and note the
difference in volumes required. Each mL of the difference in volumes of 0.5 N alcoholic
potassium hydroxide consumed is equivalent to 22.02 mg of ethylene oxide. Calculate the
concentration, in mg/mL, of ethylene oxide in the Standard stock solution. Standardize
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daily. Store in a refrigerator. Prepare a 1000-ppm standard by pipeting into a container
the calculated volume (about 2 mL) of cold Standard stock solution that on the basis of
the standardization contains 88.6 mg of ethylene oxide, and adding 87.0 g of Stripped
octoxynol 9. Prepare 10-, 5-, and 0.5-ppm standards by quantitatively diluting the 1000ppm standard with additional Stripped octoxynol 9.
Standard solution 0. 5 ppm: Transfer 5 ± 0.01 g of the Standard solution containing 0.5
ppm ethylene oxide to suitable serum vials equipped with pressure-tight septum closures
designed to relieve any excessive pressure, and seal them.
Standard solution 5 ppm: Transfer 5 ± 0.01 g of the Standard solution containing 5 ppm
ethylene oxide to suitable serum vials equipped with pressure-tight septum closures
designed to relieve any excessive pressure, and seal them.
Standard solution 10 ppm: Transfer 5 ± 0.01 g of the Standard solution containing 10
ppm ethylene oxide to suitable serum vials equipped with pressure-tight septum closures
designed to relieve any excessive pressure, and seal them.
System suitability solution: 10 µg/mL of ethylene oxide and 10 µg/mL of acetaldehyde in
Stripped octoxynol 9
Sample solution: Transfer 5 ± 0.01 g of Octoxynol 9 to a serum vial of the same kind as
the vials used for Standard solution A.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2.1-mm × 6.4-m nickel; 60- to 80-mesh support S9 (under typical conditions)
Temperature
Column: 100
Injector: 160
Detector: 200
Carrier gas: Helium
Flow rate: 30 mL/min
System suitability
Samples: System suitability solution, Standard solution 0.5 ppm, Standard solution 5
ppm, and Standard solution 10 ppm
Suitability requirements
Resolution: NLT 1.5 between ethylene oxide and acetaldehyde, System suitability
solution
Calibration: None of the points used for constructing the straight line Calibration curve
deviates from the line by more than 10%, Standard solution 0.5 ppm, Standard
solution 5 ppm, Standard solution 10 ppm.
Analysis:
Samples: System suitability solution, Standard solution 0.5 ppm, Standard solution 5
ppm, Standard solution 10 ppm, and Sample solution
Calibration: Place the vial containing Standard solution 10 ppm in an oven, and heat at
90 for 30 min. Remove the vial from the oven. Using a gas-tight syringe, immediately
inject a 100-µL aliquot of the headspace gas into the gas chromatograph. Obtain the
area for the ethylene oxide peak (retention time approximately 8 min). Raise the
temperature of the column to 200 after ethylene oxide elutes to volatilize heavy
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components. Re-equilibrate the column at 100 . Repeat the foregoing steps, using the
vials containing Standard solution 0.5 ppm and Standard solution 5 ppm. On linear graph
paper, plot area units versus ppm ethylene oxide for the standards, and draw the best
straight line through the points.
Place the vial containing the Sample solution in an oven, and heat at 90 for 30 min.
Remove the vial from the oven. Immediately inject a 100-µL aliquot of the headspace gas
into the gas chromatograph, and obtain the area for the ethylene oxide peak.
Calculate the concentration of ethylene oxide in the sample, in ppm:
Result = rU × S
r=
U peak area from the Sample solution
S= slope of the standard curve (ppm/peak area unit)
Acceptance criteria: NMT 5 ppm
• Limit of Dioxane
Apparatus: Assemble a closed-system vacuum distillation apparatus, using glass vacuum
stopcocks (A, B, and C), as shown in Figure 1. The concentrator tube (D)1 is made of
borosilicate or quartz (not flint) glass, graduated precisely enough to measure the 0.9 mL
or more of distillate collected and marked so that the analyst can dilute accurately to 2.0
mL.

Figure 1. Closed-system vacuum distillation apparatus for dioxane.
Standard solution: 100 µg/mL of dioxane in water. Use a freshly prepared solution.
Sample solution: Transfer 20.0 g to a 50-mL round-bottom flask (E) having a 24/40
ground-glass neck joint. Add 1.0 mL of water. Place a small polytef-covered stirring bar in
the flask, insert the stopper, and stir to mix. Immerse the flask in an ice bath, and chill for
1 min. Wrap heating tape around the tube connecting the concentrator tube (D) and the
round-bottom flask, and apply 10 V to the tape. Apply a light coating of high-vacuum
silicone grease to the ground-glass joints, and connect the concentrator tube to the
10/30 joint and the round-bottom flask to the 24/40 joint. Immerse the vacuum trap in a
Dewar flask filled with liquid nitrogen, close stopcocks A and B, open stopcock C, and
begin evacuating the system with a vacuum pump. Prepare a slurry bath from powdered
dry ice and methanol, and raise the bath to the neck of the round-bottom flask. After
freezing the contents of the flask for 10 min, and when the vacuum system is operating at
a 0.05-mm pressure or lower, open stopcock A for 20 s, then close it. Remove the slurry
bath, and allow the flask to warm in air for 1 min. Immerse the flask in a water bath
maintained at a temperature of 20 –25 , and after about 5 min warm the water bath to
35 –40 (sufficient to liquefy most specimens) while stirring slowly but constantly with the
magnetic bar. Cool the water in the bath by adding ice, and chill for about 2 min. Replace
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the water bath with the slurry bath, freeze the contents of the round-bottom flask for 10
min, open stopcock A for 20 s, and then close it. Remove the slurry bath, and repeat the
heating steps as before, this time reaching a final temperature of 45 –50 or a
temperature necessary to melt the specimen completely. If there is any condensation in
the tube connecting the round-bottom flask to the concentrator tube, slowly increase the
voltage to the heating tape, and heat until the condensation disappears.
Stir with the magnetic stirrer throughout the following steps. Very slowly immerse the
concentrator tube in a Dewar flask containing liquid nitrogen.
[Caution—When there is liquid distillate in the concentrator tube, immerse the tube in the
liquid nitrogen very slowly, or the tube will break. ]
Water will begin to distill into the concentrator tube. As ice forms in the concentrator
tube, raise the Dewar flask to keep the liquid nitrogen level only slightly below the level of
ice in the tube. When water begins to freeze in the neck of the 10/30 joint, or when liquid
nitrogen reaches the 2.0-mL graduation mark on the concentrator tube, remove the
Dewar flask, and allow the ice to melt without heating. After the ice has melted, check
the volume of water that has distilled, and repeat the sequence of chilling and thawing
until NLT 0.9 mL of water has been collected. Freeze the tube once again for about 2 min,
and release the vacuum first by opening stopcock B, followed by opening stopcock A.
Remove the concentrator tube from the apparatus, close it with a greased stopper, and
allow the ice to melt without heating. Mix the contents of the concentrator tube by
swirling, note the volume of distillate, and dilute with water to 2.0 mL, if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m glass; support S10 (under typical conditions)
Temperature
Column: 140
Injector: 200
Detector: 250
Carrier gas: Nitrogen or helium
Flow rate: 35 mL/min
Install an oxygen scrubber between the carrier gas line and the column. Condition the
column for 72 h at 230 with 30–40 mL/min carrier flow. [Note—Support S10 is oxygensensitive. Each time a column is installed, flush with carrier gas for 30–60 min before
heating. ]
Injection size: 2–4 µL
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The height of the peak from the Sample solution is NMT that from
the Standard solution: NMT 10 µg/g (ppm).
SPECIFIC TESTS
Delete the following:
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• Cloud Point
Analysis: Weigh 1.00 g into a 250-mL beaker, and add 99 g of water. Dissolve completely
by careful heating, while stirring at a constant, slow speed with a small-propeller-blade
stirrer. Center a thermometer vertically in the solution, and heat rapidly until the entire
solution becomes cloudy, then raise the temperature 10 . Remove the source of heat,
continue stirring, and record the temperature at which the solution becomes sufficiently
clear to permit seeing the entire thermometer bulb plainly.
Acceptance criteria: 63–69 .

2S (NF30)

Add the following:
• Fats and Fixed Oils, Acid Value

401 : NMT 0.2

• Fats and Fixed Oils, Hydroxyl Value

2S (NF30)

401 : 85–101

Add the following:
• Fats and Fixed Oils, Peroxide Value
• Water Determination, Method I

401 : NMT 10.0

2S (NF30)

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. 2S (NF30)
Change to read:
• USP Reference Standards
USP Nonoxynol 9 RS

11
2S (NF30)

USP Octoxynol 9 RS
1 A suitable tube is available as C hromaflex concentrator tube, Kontes Glass C o., Vineland, NJ (C atalog No.
K42560-0000).

BRIEFING
Amoxapine, USP 34 page 1881. It is proposed to modernize the monograph with the following
changes:
1.
Replace the Assay titration method with a selective HPLC method. This method has
been validated using a Phenomenex Luna C18 brand of L1 column. The typical
retention time for amoxapine is 3.6 min.
2.
Add Identification test B to require a retention time agreement based on the Assay.
3.
Replace the nonspecific TLC test in Organic Impurities with the selective HPLC method
used in the proposed Assay.
4.
Delete the test for Melting Range or Temperature. The proposed selective HPLC test
for Organic Impurities is sufficient to monitor impurities.
5.
Add an existing USP Reference Standard, USP Loxapine Succinate RS, to USP Reference
Standards <11> to support the revised Assay and the revised rest for Organic
Impurities.
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(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C102664

Comment deadline: November 30, 2011
Amoxapine

C17 H16 ClN3 O

313.78

Dibenz[b,f][1,4]oxazepine, 2-chloro-11-(1-piperazinyl)-;
2-Chloro-11-(1-piperazinyl)dibenz[b,f][1,4]oxazepine
[14028-44-5].
DEFINITION
Amoxapine contains NLT 98.5% and NMT 101.0% of amoxapine (C17 H16 ClN3 O), calculated on
the dried basis.
IDENTIFICATION
Change to read:
• A. 2S (USP35)
Infrared Absorption

197K

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP35)
ASSAY
Change to read:
• Procedure
Sample: 300 mg
Analysis: Transfer the Sample to a 250-mL flask, dissolve in 50 mL of glacial acetic acid,
and add 3 drops of crystal violet TS. Titrate with 0.1 N perchloric acid VS to an emerald
green endpoint. Perform a blank determination, and make any necessary correction (see
Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to 15.69 mg of
C17 H16 ClN3 O.
Solution A: 11.3 g of tetramethylammonium chloride in 100 mL of water
Solution B: Phosphoric acid (1 in 5)
Buffer: 1.4 g/L of monobasic sodium phosphate
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Mobile phase: Dilute a mixture of 360 mL of acetonitrile, 20 mL of Solution A, and 2 mL
of Solution B with Buffer to 1 L.
System suitability solution: 0.1 mg/mL of USP Amoxapine RS and 0.1 mg/mL of USP
Loxapine Succinate RS in Mobile phase. Sonication may be used to aid in dissolution.
Standard solution: 0.1 mg/mL of USP Amoxapine RS in Mobile phase. Sonication may be
used to aid in dissolution.
Sample solution: 0.1 mg/mL of Amoxapine in Mobile phase. Sonication may be used to
aid in dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection Size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[Note—The relative retention times for amoxapine and loxapine are 1.0 and 1.2,
respectively.]
Resolution: NLT 2.5 between amoxapine and loxapine, System suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amoxapine (C17 H16 ClN3 O) in the portion of Amoxapine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of amoxapine from the Sample solution
rS= peak response of USP Amoxapine RS from the Standard solution
C=
S concentration of USP Amoxapine RS in the Standard solution (mg/mL)
C=
U concentration of Amoxapine in the Sample solution (mg/mL)
2S (USP35)

Acceptance criteria: 98.5%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
Organic Impurities
Standard solution A: 0.5 mg/mL of USP Amoxapine RS in chloroform
Standard solution B: 0.25 mg/mL USP Amoxapine RS in chloroform, from Standard solution A
Sample solution: 50 mg/mL of Amoxapine in chloroform
Developing solvent system: Chloroform, methanol, and ammonium hydroxide (18:2:0.1)
Chromatographic system
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621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.2-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved three-fourths of the length of the plate. Remove the plate from the developing
chamber, examine it under short-wavelength UV light, and compare the intensities of any
secondary spots observed in the chromatogram of the Sample solution with those of the
principal spots in the chromatogram of the Standard solutions.
Acceptance criteria: No secondary spot from the chromatogram of the Sample solution is
larger or more intense than the principal spot of Standard solution B (0.5%), and the sum of
the intensities of the secondary spots of the Sample solution corresponds to NMT 1.0%.
Mobile phase, System suitability solution, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.75 µg/mL of USP Amoxapine RS in Mobile phase. Sonication may be
used to aid in dissolution.
Sample solution: 0.15 mg/mL of Amoxapine in Mobile phase. Sonication may be used to
aid in dissolution.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between amoxapine and loxapine, System suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 5% for five replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Amoxapine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of USP Amoxapine RS from the Standard solution
C=
S concentration of USP Amoxapine RS in the Standard solution (mg/mL)
C=
U concentration of Amoxapine in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.50%
Total impurities: NMT 1.0%
2S (USP35)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 177 –181

2S (USP35)
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• Loss on Drying 731 : Dry a sample at 105 for 4 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards
USP Amoxapine RS

11

USP Loxapine Succinate RS

2S (USP35)

BRIEFING
Atorvastatin Calcium Tablets. Because there is no existing USP monograph for this dosage
form, a new monograph, based on validated methods of analyses, is proposed. The HPLC
procedures in the Assay and in the test for Organic Impurities are based on analyses
performed with the Ultremex C18 brand of L1 column. The typical retention time for
atorvastatin is about 9 min.
(SM3: E. Gonikberg, L. Santos, M. Marques.)
Correspondence Number—C97231

Comment deadline: November 30, 2011
Add the following:
Atorvastatin Calcium Tablets
DEFINITION
Atorvastatin Calcium Tablets contain an amount of atorvastatin calcium (C33 H34 FN2 O5 )2 Ca
equivalent to NLT 94.5% and NMT 105.0% of the labeled amount of atorvastatin.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.05 M ammonium citrate buffer pH 4.0 prepared as follows. Dissolve 9.62 g of
anhydrous citric acid in 950 mL of water, adjust with ammonium hydroxide to a pH of 4.0,
and dilute with water to 1000 mL.
Mobile phase: Acetonitrile, stabilizer-free tetrahydrofuran, and Buffer (27:20:53)
Diluent: Dissolve 9.62 g of anhydrous citric acid in 900 mL of water, adjust with ammonium
hydroxide to a pH of 7.4, and dilute with water to 1000 mL. Mix 1000 mL of this solution
with 1000 mL of acetonitrile.
System suitability solution: 0.1 mg/mL of USP Atorvastatin Calcium RS and 0.01 mg/mL
of USP Atorvastatin Related Compound H RS in Diluent. Shake mechanically for 30 min or
until dissolved.
Standard solution: 0.1 mg/mL of USP Atorvastatin Calcium RS in Diluent. Shake
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mechanically for 15 min or until dissolved.
Sample solution: Transfer 10 Tablets into an appropriate volumetric flask. Add Diluent to
about 50% of the final volume of the flask, and shake the mixture mechanically for 15 min
or until completely dissolved. Dilute with Diluent to volume. Further dilute the solution with
Diluent to obtain a solution containing 0.1 mg/mL of atorvastatin based on the label claim,
and pass the solution through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 244 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between atorvastatin and atorvastatin related compound H,
System suitability solution
Tailing factor: NMT 1.2 for atorvastatin, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atorvastatin (C33 H35 FN2 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (2 × Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Atorvastatin Calcium RS in the Standard solution (mg/mL)
CU= nominal concentration of atorvastatin in the Sample solution (mg/mL)
Mr1
= molecular weight of atorvastatin, 558.64
Mr2
= molecular weight of atorvastatin calcium, 1155.34
Acceptance criteria: 94.5.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711 :
Medium: pH 6.8, 0.05 M phosphate buffer; 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Diluent: Acetonitrile and water (50:50)
Standard stock solution: 1.0 mg/mL of USP Atorvastatin Calcium RS in Diluent. Shake
mechanically for 10 min or until dissolved.
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/900) mg/mL, where L is the label claim in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter.
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Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 244 nm
Cell path: See Table 1.

851 .)

Table 1
Label Claim
Cell Path
(mg/Tablet)
(cm)
10
1.0
20 and 40
0.5
80
0.2
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atorvastatin (C33 H35 FN2 O5 ) dissolved:
(AU/AS) × (CS/L) × (2 × Mr1/Mr2) × V × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
Mr1
= molecular weight of atorvastatin, 558.64
Mr2
= molecular weight of atorvastatin calcium, 1155.34
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of atorvastatin (C33 H35 FN2 O5 ) is
dissolved.
• Uniformity of Dosage Units 905 :
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.1 mg/mL of USP Atorvastatin Calcium RS in Diluent. Shake
mechanically for 15 min or until dissolved.
Sample solution: Place each Tablet into a separate appropriately sized volumetric flask.
Add Diluent to about 50% of the final volume of the flask, and shake the mixture
mechanically for 15 min or until completely dissolved. Dilute with Diluent to volume.
Further dilute the solution with Diluent to obtain a solution containing 0.1 mg/mL of
atorvastatin based on the label claim, and pass the solution through a suitable filter.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 0.1 cm
Absorbance: 244 nm
Blank: Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atorvastatin (C33 H35 FN2 O5 ) in the
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Tablet taken:
Result = (AU/AS) × (CS/CU) × (2 × Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Atorvastatin Calcium RS in the Standard solution (mg/mL)
CU= nominal concentration of atorvastatin in the Sample solution (mg/mL)
Mr1
= molecular weight of atorvastatin, 558.64
Mr2
= molecular weight of atorvastatin calcium, 1155.34
Acceptance criteria: Meets the requirements
IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Diluent, System suitability solution, Standard solution, and
Sample solution: Proceed as directed in the Assay.
Chromatographic system: Proceed as directed in the Assay, except record the
chromatograms for at least three times the retention time of atorvastatin.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 5.0 between atorvastatin and atorvastatin related compound H
Tailing factor: NMT 1.2 for the atorvastatin peak and less than 1.5 for the atorvastatin
related compound H peak
Relative standard deviation: NMT 2.0% for atorvastatin related compound H
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria: See Table 2.
Table 2

Name
Atorvastatin pyrrolidone analoga
Atorvastatin
Atorvastatin related compound Hb
Atorvastatin epoxy pyrrolooxazin analogc
Atorvastatin epoxy pyrrolooxazin tricyclic analogd
Atorvastatin related compound De
Any other individual impurity
Total impurities

Relative
Retention
Time
0.85
1.00
1.35
1.74
1.92
2.72
—
—

Acceptance
Criteria,
NMT (%)
0.5
—
0.5
0.5
0.5
0.5
0.2
2.0
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a (3R,5R)-7-[5-(4-Fluorophenyl)-3-isopropyl-2-oxo-4-phenyl-3-(phenylcarbamoyl)-2,3dihydro-1H-pyrrol-1-yl]-3,5-dihydroxyheptanoic acid.
b Lactone impurity.
c 4-{6-(4-Fluorophenyl)-7,8-epoxy-6-hydroxy-8a-isopropyl-7-phenyl-8(phenylcarbamoyl)hexahydro-2H-pyrrolo[2,1-b][1,3]oxazin-2-yl}-3-hydroxybutanoic acid.
d 2,6-(2-Carboxymethyl-3-oxapropano)-7,8-epoxy-8a-(4-fluorophenyl)-6-isopropyl-N,8diphenylhexahydro-2H-pyrrolo[2,1-b][1,3]oxazine-7-carboxamide.
e Epoxide impurity, or 3-(4-fluorobenzoyl)-2-isobutyryl-3-phenyloxirane-2-carboxylic acid
phenylamide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Atorvastatin Calcium RS
USP Atorvastatin Related Compound H RS (lactone impurity)
5-(4-Fluorophenyl)-1-{2-[(2R,4R)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl]ethyl}-2isopropyl-N,4-diphenyl-1H-pyrrole-3-carboxamide.
C33 H33 FN2 O4
540.62
2S (USP35)

BRIEFING
Azeotropic Isopropyl Alcohol, USP 34 page 3206. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1.
The test for Volatile Impurities is revised to replace the packed-column gas
chromatography procedure with a capillary-column procedure. The proposed
procedure is based on analyses performed with a Restek Rtx-1301 brand of G43
column. The typical retention time for isopropyl alcohol is about 9 min.
2.
A new USP reference standard is added in the test for Volatile Impurities.
(SM1: B. Davani, M. Puderbaugh.)
Correspondence Number—C63575

Comment deadline: November 30, 2011
Azeotropic Isopropyl Alcohol
DEFINITION
Azeotropic Isopropyl Alcohol contains NLT 91.0% and NMT 93.0% of isopropyl alcohol, by
volume, the remainder consisting of water.
IDENTIFICATION
• A. Infrared Absorption: The IR absorption spectrum of a thin film of it exhibits a strong
broad band at 3.0 µm; a strong region of absorption between 3.35 and 3.5 µm, with its
highest peak at 3.36 µm, and others at 3.41 and 3.47 µm; many weak peaks between 3.6
and 6.0 µm, among the most noticeable being those at 3.68, 3.77, 3.97, 4.17, and 5.26
µm; a broad band at 6.2 µm; a strong region of absorption between 6.7 and 7.8 µm, the
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most prominent features being the peaks at 6.80, 7.09, 7.25 (the highest), 7.46, and 7.63
µm; a strong region of absorption between 8.5 and 9.2 µm, peaking at 8.6, 8.85, and 9.0
µm; and strong peaks at 10.5 and 12.3 µm.
IMPURITIES
• Limit of Nonvolatile Residue
Sample: 50 mL
Analysis: Evaporate the Sample in a tared porcelain dish on a steam bath to dryness, and
heat at 105 for 1 h.
Acceptance criteria: The weight of the residue does not exceed 2.5 mg (0.005%).
Change to read:
• Volatile Impurities
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Thermal conductivity
Column: 6.4-mm × 1.8-m stainless steel column packed with 10% liquid phase G20 on
support S1A
Column temperature: 55
Carrier gas: Helium
Flow rate: 45 mL/min
Injection size: 5 µL
Analysis
[Note—The relative retention times for some of the possible components, when present,
are: air at 0.09, diethyl ether at 0.14, diisopropyl ether at 0.17, acetone at 0.37,
isopropyl alcohol at 1.00, 2-butanol at 1.64, n-propyl alcohol at 1.86, and water at
3.14.]
Divide the area under the isopropyl alcohol peak by the sum of the areas under all of the
peaks observed, excluding the water peak.
Acceptance criteria: The quotient is NLT 0.99
System suitability solution: USP 2-Propanol System Suitability RS
Sample solution: Azeotropic Isopropyl Alcohol (Neat)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 0.25-mm × 60-m, coated with a 1.4-µm film of phase G43
Temperature
Injector: 150
Detector: 200
Column: See Table 1.
Table 1

PF 37(5): Sep.-Oct. 2011

199

Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
35
0
35
5
35
1
45
2
45
10
100
1
Carrier gas: Helium
Linear velocity: 35 cm/s
Injection size: 1 µL
Split ratio: 10:1
Run time: 30 min
System suitability
Sample: System suitability solution
[Note—Approximate relative retention times for ethyl ether, acetone, isopropyl alcohol,
diisopropyl ether, 1-propanol, and 2-butanol are 0.6, 0.7, 1.0, 1.1, 1.3, and 1.5,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between acetone and isopropyl alcohol
Signal-to-noise ratio: NLT 10 for any of the following peaks: ethyl ether, acetone,
isopropyl alcohol, diisopropyl ether, 1-propanol, and 2-butanol
Tailing factor: NMT 2.0 for the isopropyl alcohol peak
Relative standard deviation: NMT 2.0% for the isopropyl alcohol peak
Analysis
Samples: Sample solution
Calculate the ratio of isopropyl alcohol (C3 H8 O) in the portion of Azeotropic Isopropyl
Alcohol taken:
Result = (rI /rT)
r=
I peak area for isopropyl alcohol
r=
T sum of all of the peak areas excluding the peak for water
Acceptance criteria: NLT 0.99 2S (USP35)

SPECIFIC TESTS
• Specific Gravity
by volume

841 : 0.815–0.810, indicating 91.0%–93.0% of isopropyl alcohol (C3 H8 O)

• Refractive Index 831 : 1.376–1.378 at 20
• Acidity
Sample: 50 mL
Analysis: Place the Sample in a suitable flask, and add 100 mL of carbon dioxide-free
water. Add 2 drops of phenolphthalein TS, and titrate with 0.020 N sodium hydroxide to a
pink color that persists for 30 s.
Acceptance criteria: NMT 0.70 mL of 0.020 N sodium hydroxide is required for
neutralization.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, remote from heat.
Add the following:
• USP Reference Standards 11
USP 2-Propanol System Suitability RS
It contains 0.1% of each of the following: ethyl ether, acetone, isopropyl alcohol,
diisopropyl ether, 1-propanol, and 2-butanol.
2S (USP35)

BRIEFING
Biotin, USP 34 page 2046. As part of USP monograph modernization efforts, it is proposed to
replace the titrimetric Assay with an HPLC Assay and to add a Related Compounds test to
characterize the impurities. The liquid chromatographic procedures in the Assay and in the
test for Related Compounds are based on analyses performed with the YMC-Pack brand of
L7 column. The typical retention time for biotin is 19 min.
(DS: H. Dinh.)
Correspondence Number—C101772

Comment deadline: November 30, 2011
Biotin

C10 H16 N2 O3 S

244.31

1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, [3aS-(3a ,4 ,6a )]-;
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid
[58-85-5].
DEFINITION
Biotin contains NLT 97.5% and NMT 100.5% of biotin (C10 H16 N2 O3 S).
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
Change to read:
• Procedure
Sample: 500 mg of Biotin
Blank: 100 mL of water
Titrimetric system
(See Titrimetry

541 .)

PF 37(5): Sep.-Oct. 2011

201

Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual
Analysis
Mix the Sample with 100 mL of water. Add phenolphthalein TS, and titrate the suspension
slowly with the Titrant while heating and stirring continuously. Perform the Blank
determination.
Calculate the percentage of biotin (C10 H16 N2 O3 S) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor: 244.3 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 97.5%–100.5%
Buffer solution: Dissolve 1 g of sodium perchlorate monohydrate in 500 mL of water, add
1 mL of phosphoric acid, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer solution (8.5: 91.5)
Diluent: Acetonitrile and water (1:4)
Standard solution: 0.2 mg/mL of USP Biotin RS in Diluent
Sample solution: 0.2 mg/mL of Biotin in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of biotin (C10 H16 N2 O3 S) in the portion of Biotin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (mg/mL)
C=
U concentration of Biotin in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–100.5% 2S (USP35)
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IMPURITIES
Add the following:
• Related Compounds
Buffer solution, Mobile phase, Diluent, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Measure the peak responses of the Sample solution. Calculate the percentage of each
impurity in the portion of Biotin taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the peak responses of all the peaks from the Sample solution
Acceptance criteria
Individual impurity: NMT 0.1%
Total impurities: NMT 2.0%
2S (USP35)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in 0.1 N sodium hydroxide
Acceptance criteria: +89 to +93
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight containers.
• USP Reference Standards
USP Biotin RS

11
BRIEFING

Clindamycin Phosphate, USP 34 page 2376. The following revisions are proposed:
1.
As part of USP's monograph modernization initiative, this monograph is revised to add a
test for Organic Impurities. The Assay is replaced with a procedure that uses the
same chromatographic system as the test for Organic Impurities. The Assay and
Organic Impurities procedures were validated using the Phenomenex Prodigy C8
brand of L7 column. The typical retention time for clindamycin phosphate is 25 min.
2.
A test for Identification, based on HPLC retention time comparison, is added to the
monograph to provide a second test that is orthogonal to the procedure based on
infrared absorption. Identification test A is revised, based on laboratory data, to use
a potassium bromide pellet instead of a mineral oil dispersion.
3.
Storage temperature is added to the Packaging and Storage section.
4.
The USP Reference Standards section is also revised to include two new Reference
Standards that are used in the test for Organic Impurities.
(SM1: A. Wise.)
Correspondence Number—C91956

PF 37(5): Sep.-Oct. 2011

203

Comment deadline: November 30, 2011
Clindamycin Phosphate
C18 H34 ClN2 O8 PS
504.96
l-threo- -d-galacto-Octopyranoside, methyl 7-chloro-6,7,8-trideoxy-6-[[(1-methyl-4-propyl2-pyrrolidinyl)carbonyl]amino]-1-thio-, 2-(dihydrogen phosphate), (2S-trans)-;
Methyl 7-chloro-6,7,8-trideoxy-6-(1-methyl-trans-4-propyl-l-2-pyrrolidinecarboxamido)-1thio-l-threo- -d-galacto-octopyranoside 2-(dihydrogen phosphate)
[24729-96-2].
DEFINITION
Clindamycin Phosphate has a potency equivalent to NLT 758 µg/mg of C18 H33 ClN2 O5 S,
calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197M
197K

2S (USP35)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP35)
ASSAY
Change to read:
• Procedure
Solution A: Add 14 mL of phosphoric acid to 4000 mL of HPLC grade water. Add 10 mL of
ammonium hydroxide, and adjust with ammonium hydroxide to a pH of 3.90 ± 0.05.
Solution B: Acetonitrile and methanol (9:1)
Diluent: Solution A and Solution B (4:1)
Solution C: Solution A and Solution B (23:2)
Solution D: Solution A and Solution B (13:12)
Mobile phase: See Table 1
Table 1
Time Solution C Solution D
(min)
(%)
(%)
0
95
5
40
5
95
41
95
5
46
95
5
Standard solution: Weigh 22 mg of USP Clindamycin Phosphate RS. Add 10.0 mL of
Diluent, shake briefly, and sonicate for 5 min to dissolve. Allow to cool to ambient
temperature.
Sample solution: Weigh 22 mg of Clindamycin Phosphate. Add 10.0 mL of Diluent, shake
briefly, and sonicate for 5 min to dissolve. Allow to cool to ambient temperature.
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Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L7
Temperature: 40
Flow rate: 1.2 mL/min
Injection size: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.0 between clindamycin phosphate and its nearest related
compound, determined as follows: between the peaks, draw a line perpendicular to
the base line at the valley that separates the two peaks. The height of the valley
from the base line is NMT 40% of the height of the related compound peak. Calculate
the resolution, R, using peak widths at half height.
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of C18 H33 ClN2 O5 S, in µg/mg, in the portion of Clindamycin
Phosphate taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak area response from the Sample solution
rS= peak area response from the Standard solution
C=
S concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
C=
U nominal concentration of Clindamycin Phosphate in the Sample solution (mg/mL)
P= potency of clindamycin in the USP Clindamycin Phosphate RS (µg/mg)
Acceptance criteria: NLT 758 µg/mg on the anhydrous basis
Buffer: 13.6 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH
of 2.5.
Mobile phase: Acetonitrile and Buffer (35:165)
Standard solution: 1 mg/mL of USP Clindamycin Phosphate RS in Mobile phase
Sample solution: 1 mg/mL of Clindamycin Phosphate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
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[Note—USP Clindamycin Phosphate RS contains 7-epiclindamycin phosphate. See Table 1
for the relative retention times.]
Suitability requirements
Resolution: NLT 1.0 between 7-epiclindamycin phosphate and clindamycin
phosphate
Tailing factor: NMT 1.2 for the clindamycin phosphate peak
Relative standard deviation: NMT 1.0% for the clindamycin phosphate peak
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of clindamycin (C18 H33 ClN2 O5 S), in µg/mg, in the portion of
Clindamycin Phosphate taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response of clindamycin phosphate from the Sample solution
rS= peak response of clindamycin phosphate from the Standard solution
C=
S concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
C=
U concentration of Clindamycin Phosphate in the Sample solution (mg/mL)
P= potency of clindamycin in the USP Clindamycin Phosphate RS (µg/mg)
Acceptance criteria: NLT 758 µg/mg on the anhydrous basis 2S (USP35)

IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
System suitability solution: 1 mg/mL of USP Clindamycin Phosphate RS in Mobile phase
Standard stock solution: 1 mg/mL each of USP Clindamycin Phosphate RS, USP
Lincomycin Hydrochloride RS, and USP Clindamycin Hydrochloride RS in Mobile phase
Standard solution: 10 µg/mL each of clindamycin phosphate, lincomycin hydrochloride,
and clindamycin hydrochloride in Mobile phase from Standard stock solution
System suitability
Sample: System suitability solution
[Note—USP Clindamycin Phosphate RS contains 7-epiclindamycin phosphate. See Table 1 for
the relative retention times. ]
Suitability requirements
Resolution: NLT 1.0 between 7-epiclindamycin phosphate and clindamycin phosphate
Tailing factor: NMT 1.2 for the clindamycin phosphate peak
Relative standard deviation: NMT 1.0% for the clindamycin phosphate peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lincomycin in the portion of Clindamycin Phosphate taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
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rU= peak response of lincomycin from the Sample solution
rS= peak response of lincomycin from the Standard solution
C=
S concentration of USP Lincomycin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Clindamycin Phosphate, corrected for water content, in the Sample
solution (mg/mL)
P= potency of lincomycin in USP Lincomycin Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Calculate the percentage of clindamycin in the portion of Clindamycin Phosphate taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of clindamycin from the Sample solution
rS= peak response of clindamycin from the Standard solution
C=
S concentration of USP Clindamycin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Clindamycin Phosphate, corrected for water content, in the Sample
solution (mg/mL)
P= potency of clindamycin in USP Clindamycin Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Calculate the percentage of each impurity other than lincomycin and clindamycin in the
portion of Clindamycin Phosphate taken:
Result = (rU/rS) × (CS/CU) × P × F × (Mr1/Mr2) × 100
rU= peak response of each individual impurity other than lincomycin and clindamycin from
the Sample solution
rS= peak response of clindamycin phosphate from the Standard solution
CS= concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU= concentration of Clindamycin Phosphate, corrected for water content, in the Sample
solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Mr1
= molecular weight of clindamycin phosphate, 504.96
Mr2
= molecular weight of clindamycin, 424.98
Acceptance criteria: See Table 1. The reporting level is 0.02%.
Table 1

Name
Lincomycina,b
Clindamycin B phosphatec
7-Epiclindamycin phosphated
Clindamycin phosphate
Clindamycine
Largest single other related compound
Total impurities

Relative
Retention
Time
0.20
0.43
0.94
1.0
1.3
—
—

Acceptance
Criteria,
NMT (%)
—
1.5
0.8
—
0.5
1.0
4.0

PF 37(5): Sep.-Oct. 2011

207

a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- -d-galacto-octopyranoside.
b Lincomycin is controlled in the limit of the largest single other related compound.
c Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2-carboxamido]1-thio-l-threo- -d-galacto-octopyranoside 2-phosphate.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- -d-galacto-octopyranoside.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-threo- -d-galacto-octopyranoside.
2S (USP35)

SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 3.5–4.5
• Water Determination, Method I

921 : NMT 6.0%

• Sterility Tests 71
Sample solution: 6 g of specimen aseptically dissolved in 200 mL of Fluid A
Analysis: Test as directed under Test for Sterility of the Product to Be Examined,
Membrane Filtration.
Acceptance criteria: Meets the requirements where the label states that it is sterile or
must be subjected to further processing during the preparation of injectable dosage forms.
• Bacterial Endotoxins Test 85 : Where the label states that Clindamycin Phosphate is
sterile or must be subjected to further processing during the preparation of injectable
dosage forms, it contains NMT 0.58 USP Endotoxin Unit/mg of clindamycin.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers,
and store below 30 .

2S (USP35)

• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards

11

USP Clindamycin Hydrochloride RS

2S (USP35)

USP Clindamycin Phosphate RS
USP Endotoxin RS
USP Lincomycin Hydrochloride RS

2S (USP35)
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BRIEFING
Clozapine, USP 34 page 2417. It is proposed to modernize the monograph with the following
changes:
1.
Revise the Assay by titration to a selective HPLC method. This method is based on the
Assay from the monograph for Clozapine Tablets and has been validated using a
Waters Inertsil C8-3V brand of L7 column. The typical retention time for clozapine is
about 6.5 min.
2.
Revise Identification test B retention time agreement to be based on the Assay instead
of the test for Organic Impurities.
3.
Delete the test for Melting Range or Temperature. This test was included in the original
monograph when there was no selective method to quantify the impurities. The
currently official monograph contains an HPLC method for monitoring the organic
impurities. Therefore, the Melting Range or Temperature test contributes no
additional value in establishing the quality of the drug substance.
(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C95681

Comment deadline: November 30, 2011
Clozapine

C18 H19 ClN4

326.82

5H-Dibenzo[b,e][1,4]diazepine, 8-chloro-11-(4-methyl-1-piperazinyl)-;
8-Chloro-11-(4-methyl-1-piperazinyl)-5H-dibenzo[b,e][1,4]diazepine
[5786-21-0].
DEFINITION
Clozapine contains NLT 98.0% and NMT 102.0% of clozapine (C18 H19 ClN4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in the test for Organic Impurities.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP35)

ASSAY
Change to read:
• Procedure
Sample solution: 115 mg of Clozapine in 70 mL of glacial acetic acid
Analysis: Titrate with 0.1 N perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N perchloric acid is equivalent to 16.34 mg of C18 H19 ClN4 .
Mobile phase: Methanol, triethylamine, and water (800: 0.75: 200)
Diluent: Methanol and water (80:20)
Standard solution: 0.1 mg/mL of USP Clozapine RS in Diluent
System suitability stock solution: Transfer 10 mg of USP Clozapine RS to a suitable
container, add 5 mL of 0.1 N hydrochloric acid, and heat for 2 h at 90 . Transfer this
solution to a 100-mL volumetric flask, add 15 mL of water, and dilute with methanol to
volume.
System suitability solution: Standard solution and System suitability stock solution
(1:1)
Sample solution: 0.1 mg/mL of Clozapine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System Suitability solution
Suitability requirements
Resolution: NLT 1.5 between clozapine and any other peak, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NLT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clozapine (C18 H19 ClN4 ) in the portion of Clozapine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clozapine from the Sample solution
rS= peak response of USP Clozapine RS from the Standard solution
C=
S concentration of USP Clozapine RS in the Standard solution (mg/mL)
C=
U concentration of Clozapine in the Sample solution (mg/mL)
2S (USP35)
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Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : 20 ppm
• Organic Impurities
Diluent: Methanol and water (80:20)
Buffer: 2.0 g/L of monobasic potassium phosphate. Adjust with phosphoric acid (85%) to a
pH of 2.4. [Note—The pH of this solution must not be below 2.4. ]
Solution A: Filtered and degassed mixture of acetonitrile, methanol, and Buffer (1:1:8)
Solution B: Filtered and degassed mixture of acetonitrile, methanol, and Buffer (4:4:2)
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
100
0
4
100
0
24
0
100
29
0
100
40
100
0
System suitability solution: Dissolve 4 mg of USP Clozapine Resolution Mixture RS in 4 mL
of methanol, add 1 mL of water, and dilute with Diluent to 10 mL.
Standard solution: 0.75 µg/mL of USP Clozapine RS in Diluent
Sample solution: 0.75 mg/mL prepared as follows. Transfer a suitable quantity of
Clozapine to a suitable volumetric flask. Dissolve in 80% of the flask volume of methanol,
and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are provided in Table 2.]
Suitability requirements
Resolution: NLT 2.5 between Impurity C and clozapine, System suitability solution
Relative standard deviation: NMT 5.0% for clozapine, Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Disregard any peak with an area less than 0.5 times the area of the clozapine peak
from the Standard solution.]
Calculate the percentage of each related compound and any unknown impurity in the
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portion of Clozapine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of clozapine from the Standard solution
C=
S concentration of USP Clozapine RS from the Standard solution (mg/mL)
C=
U concentration of Clozapine from the Sample solution (mg/mL)
F= relative response factor of the impurity (see Table 2)
Acceptance criteria: See Table 2.

Name
Impurity Ca
Clozapine
Impurity Db
Impurity Ac

Table 2
Relative
Retention
Time
0.9
1.0
1.1
1.6

Relative
Response
Factor
1.0
—
0.35
1.2

Acceptance
Criteria,
NMT (%)
0.3
—
0.2
0.1

Impurity Bd
1.7
1.0
0.2
Individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.6
a 8-Chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
b 4-Chloro-N1-(2-[(4-methylpiperazin-1-yl)carbonyl]phenyl)benzene-1,2-diamine.
c 8-Chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
d 11,11¢-(Piperazine-1,4-diyl)bis(8-chloro-5H-dibenzo[b,e][1,4]diazepine).
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 182 –186

2S (USP35)

• Loss on Drying 731 : Dry a sample at 105 for 4 h: it loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Clozapine RS
USP Clozapine Resolution Mixture RS
Contains the following components:
Clozapine.
Impurity A: 8-chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
Impurity B: 11,11¢-(piperazine-1,4-diyl)bis(8-chloro-5H-dibenzo[b,e][1,4]dizepine).
Impurity C: 8-chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
Impurity D: 4-chloro-N1-(2-[(4-methylpiperazin-1-yl)carbonyl]phenyl)benzene-1,2diamine.
BRIEFING
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Cyanocobalamin, USP 34 page 2448. On the basis of comments received and as part of the
USP monograph modernization efforts, the following changes are proposed.
1.
Add an HPLC Related Compounds test to characterize the impurities.
2.
Add an HPLC Identification test C, using the Mobile phase and Chromatographic system
from the test for Related Compounds.
3.
Remove the Pseudocyanocobalamin test which is no longer necessary due to the
addition of the Related Compounds test.
The liquid chromatographic procedures in Identification test C and in the test for Related
Compounds are based on analyses performed with 4.6-mm × 25-cm brand of L7 column. The
typical retention time observed for cyanocobalamin is 16.5 min.
(DS: H. Dinh.)
Correspondence Number—C89290

Comment deadline: November 30, 2011
Cyanocobalamin

C63 H88 CoN14 O14 P
Vitamin B12

1355.37

[68-19-9].

DEFINITION
Change to read:
Cyanocobalamin contains NLT 96.0% and NMT 100.5%
102.0% 2S (USP35)
of cyanocobalamin (C63 H88 CoN14 O14 P), calculated on the dried basis.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 200–700 nm
Sample solution: Prepare as directed in the Assay.
Acceptance criteria: The absorption spectrum exhibits maxima at 278 ± 1, 361 ± 1, and
550 ± 2 nm. The absorbance ratio A361 /A278 is 1.70–1.90, and the absorbance ratio
A361 /A550 is 3.15–3.40.
• B.
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Sample solution: Fuse 1 mg of Cyanocobalamin with 50 mg of potassium pyrosulfate in a
porcelain crucible. Cool, break up the mass with a glass rod, add 3 mL of water, and
dissolve by boiling.
Analysis: Add 1 drop of phenolphthalein TS, and add sodium hydroxide solution (100
mg/mL), dropwise, until just pink. Add 500 mg of sodium acetate, 0.5 mL of 1 N acetic
acid, and 0.5 mL of nitroso R salt solution (2 mg/mL). Add 0.5 mL of hydrochloric acid, and
boil for 1 min.
Acceptance criteria: A red or orange-red color appears immediately after the addition of
nitroso R salt. The red color persists after boiling with the addition of hydrochloric acid.
Change to read:
• C.
HPLC 2S (USP35)
Sample solution: Dissolve 5 mg of Cyanocobalamin in 5 mL of water in a 50-mL distilling
flask connected with a short, water-cooled condenser. To the flask add 2.5 mL of
hypophosphorous acid, close, and boil gently but short of distillation for 10 min. Then
distill 1 mL into a test tube containing 1 mL of sodium hydroxide solution (20 mg/mL).
Analysis: To the test tube add 4 drops of cold saturated ferrous ammonium sulfate
solution, shake gently, then add 30 mg of sodium fluoride, and bring the contents to a
boil. Immediately add, dropwise, 5 N sulfuric acid until a clear solution results, then add
3–5 drops more of the acid.
Acceptance criteria: A blue or blue-green color develops within a few min.
Mobile phase and Chromatographic system: Proceed as directed in the test for
Related Compounds.
Standard solution: 50 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in Mobile
phase. Use within 1 h.
Sample solution: 50 µg/mL of Cyanocobalamin in Mobile phase. Use within 1 h.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution. 2S (USP35)

ASSAY
Change to read:
• Procedure
Standard solution: 30 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in water
[Note—USP Cyanocobalamin RS is in the triturated form.
a solid dispersion of cyanocobalamin in mannitol. Dissolve and dilute quantitatively and
stepwise NLT 30 mg of USP Cyanocobalamin RS to prepare the Standard solution.
2S (USP35)

]
Sample solution: 30 µg/mL of Cyanocobalamin in water
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV
Analytical wavelength: 361 nm

851 .)
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Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Cyanocobalamin taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of cyanocobalamin in the Standard solution (µg/mL)
C=
U concentration of Cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 96.0%–100.5%
102.0% 2S (USP35)
on the dried basis
IMPURITIES
Change to read:
• Pseudocyanocobalamin
Related Compounds 2S (USP35)
Sample solution: 0.05 mg/mL of Cyanocobalamin in water
Analysis: Transfer a 20-mL portion of the Sample solution into a small separator. Add 5
mL of a mixture of carbon tetrachloride and m-cresol (1:1), and shake well for about 1
min. Allow to separate, draw off the lower layer into a second small separator, and add 5
mL of 5 N sulfuric acid. Shake well, and allow to separate completely. [Note—The
complete separation of the layer may be facilitated by centrifuging. ]
Acceptance criteria: The separated upper layer is colorless or has no more color than a
mixture of 0.15 mL of 0.10 N potassium permanganate and 250 mL of water.
Solution A: 10 g/L of disodium hydrogen phosphate in water
Mobile phase: Mixture of methanol and Solution A (26.5: 73.5)
System suitability solution: Dissolve 25 mg of Cyanocobalamin in 10 mL of water,
warming if necessary. Allow to cool, add 5 mL of a 1.0-g/L solution of tosylchloramide
sodium and 0.5 mL of 0.05 M hydrochloric acid, and then dilute with water to 25 mL.
Shake and allow to stand for 5 min. Dilute 1.0 mL of this solution with Mobile phase to
10 mL, and inject immediately.
Quantitative limit solution: 1 µg/mL of Cyanocobalamin in Mobile phase. Use within 1
h.
Sample solution: 1 mg/mL of Cyanocobalamin in Mobile phase. Use within 1 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 361 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
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Column temperature: 35
Flow rate: 0.8 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Quantitative limit solution
[Note—The chromatogram of the System suitability solution should exhibit two major
peaks, cyanocobalamin and 7 ,8 -lactocyanocobalamin. The relative retention times
for the two peaks are 1.0 and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 2.5 between cyanocobalamin and 7 ,8 -lactocyanocobalamin,
System suitability solution
Signal-to-noise ratio: NLT 5.0 for the major peak, Quantitative limit solution
Analysis
Sample: Sample solution
[Note—Allow the run time be at least three times the retention time of cyanocobalamin
peak. ]
Identify the impurities listed in Table 1, and measure the peak responses.
Calculate the percentage of individual impurities in the portion of Cyanocobalamin
taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of peak responses of all the peaks from the Sample solution
Acceptance criteria: See Table 1.
[Note—Disregard any peak less than 0.1%.]
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Cyanocobalamin
1.0
—
7 ,8 -Lactocyanocobalamin
1.2
1.0
50-Carboxycyanocobalamin
34-Methylcyanocobalamin
32-Carboxycyanocobalamin
8-Epi-cyanocobalamin
Any other unidentified impurity
Total impurities

1.4
1.5
1.6
2.5
—
—

0.5
2.0
1.0
1.0
0.5
3.0

2S (USP35)

SPECIFIC TESTS
• Loss on Drying 731
Sample: 25 mg
Analysis: Dry the Sample in a suitable vacuum drying apparatus at 105 and at a pressure
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of NMT 5 mm of mercury for 2 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards
USP Cyanocobalamin RS

11
BRIEFING

Drospirenone and Ethinyl Estradiol Tablets, page 914 of PF 36(4) [July–Aug. 2010]. On the
basis of comments and supporting data received it is proposed to make the following
revisions to the monograph.
1.
Definition: Widen the limits for drospirenone from NLT 95.0% and NMT 105.0% to NLT
92.0% and NMT 107.0% to be consistent with the approved limits from the
manufacturer.
2.
Assay: Change the preparation of the Standard solution, Drospirenone sample solution,
and Ethinyl estradiol sample solution so that they are independent of the product
and potency. Revise the definitions of rU, rS, and CU to match the new Standard and
Sample solution preparation scheme.
3.
Dissolution: Replace a “few mL” with “10 mL” in the preparation of the Sample solution
to make it consistent with the sponsor’s procedure. Replace %wt/wt with %v/v for
the mobile phase composition to be consistent with the rest of the monograph.
Change the chemical name of the degradation product from isodrospirenone to 17epidrospirenone to be consistent with the other sections of the monograph.
4.
Dissolution: Add Dissolution Test 2 based on an approved procedure. The
chromatographic procedure in Dissolution Test 2 was validated using a Keystone
Hypersil BDS C18 brand of L1 column, in which ethinyl estradiol and drospirenone,
elute at about 5.0 and 6.5 min, respectively.
5.
Organic Impurities: Change the ratio of drospirenone to 17-epidrospirenone in the
System suitability solution from “between 3:1 and 5:1” to “1:1 and 5:1”. Clarify the
definition of rU and CU. Update the acceptance limits (Table 2 and Table 3) for
individual and total drospirenone and ethinyl estradiol degradation products. The
revised limits apply to formulations containing either 3 and 0.03 mg/Tablet or 3 and
0.02 mg/Tablet of drospirenone and ethinyl estradiol, respectively. Delete
Ethinylestradiol-6-ene from Table 2. This degradation product is covered by the
general limit for any unspecified degradation product at NMT 0.5%.
(SM4: D. Vicchio, M. Marques.)
Correspondence Number—C97236; C100214; C97806; C97833

Comment deadline: November 30, 2011
Add the following:
Drospirenone and Ethinyl Estradiol Tablets
DEFINITION
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Drospirenone and Ethinyl Estradiol Tablets contain NLT 95.0% and NMT 105.0%NLT 92.0% and
NMT 107.0% of the labeled amount of drospirenone (C24 H30 O3 ) and NLT 90.0% and NMT
110.0% of the labeled amount of ethinyl estradiol (C20 H24 O2 ).
IDENTIFICATION
• A. The retention times of the drospirenone and ethinyl estradiol peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 132 g of dibasic ammonium phosphate in 0.8 L of water, adjust with
phosphoric acid to a pH of 6.8, and dilute to 1 L.
Solution B: Solution A and water (1:24)
Mobile phase: Acetonitrile and Solution B (1:1). Adjust with phosphoric acid to a pH of
6.8.
Standard solution: 120 µg/mL of USP Drospirenone RS and 1.2 µg/mL of USP Ethinyl
Estradiol RS in Mobile Phase(L/25) mg/mL of USP Drospirenone RS and of USP Ethinyl
Estradiol RS in Mobile phase, where L is the Tablet label claim, in mg/Tablet, of each
compound
Drospirenone sample solution: Transfer an appropriate number of Tablets, equivalent to
30 mg of drospirenone, to a 250-mL volumetric flask, add 230 mL of Mobile phase, and
sonicate with intermittent shaking for NLT 10 min, or until the Tablets are completely
dispersed. Equilibrate to room temperature, dilute with Mobile phase to volume, and
centrifuge the sample until a clear supernatant is obtained. Use the supernatant.
Ethinyl estradiol sample solution: Transfer an appropriate number of Tablets, equivalent
to 0.3 mg of ethinyl estradiol, to a 250-mL volumetric flask, add 230 mL of Mobile phase,
and sonicate with intermittent shaking for NLT 10 min, or until the Tablets are completely
dispersed. Equilibrate to room temperature, dilute with Mobile phase to volume, and
centrifuge the sample until a clear supernatant is obtained. Use the supernatant.
Sample solution: Transfer 10 Tablets to a 250-mL volumetric flask, add 230 mL of Mobile
phase, and sonicate with intermittent shaking for NLT 10 min, or until the Tablets are
completely dispersed. Equilibrate to room temperature. Dilute with Mobile phase to
volume, and centrifuge the sample until a clear supernatant is obtained. Use the
supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector 1: UV 270 nm for drospirenone
Detector 2: Fluorescence, excitation wavelength at 285 nm, emission wavelength at 315
nm for ethinyl estradiol. [Note—Detector 1 and Detector 2 are connected in series. ]
Column: 4.0-mm × 12.5-cm; 3-µm packing L1
Flow rate: 1.2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: Between 0.8 and 1.8 for both drospirenone and ethinyl estradiol
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Relative standard deviation: NMT 2.0% for both drospirenone and ethinyl estradiol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of drospirenone (C24 H30 O3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
ru= peak response from the Drospirenone sample solutionpeak response of drospirenone
from the Sample solution
rs= peak response from the Standard solutionpeak response of drospirenone from the
Standard solution
C=
S concentration of USP Drospirenone RS in the Standard solution (mg/mL)
C=
u concentration of the Drospirenone sample solution (mg/mL)nominal concentration of
drospirenone in the Sample solution (mg/mL)
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ethinyl estradiol (C20 H24 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Ethinyl estradiol sample solutionpeak response of ethinyl
estradiol from the Sample solution
rS= peak response from the Standard solutionpeak response of ethinyl estradiol from the
Standard solution
C=
S concentration of USP Ethinyl Estradiol RS in the Standard solution (mg/mL)
C=
U concentration of the Ethinyl estradiol sample solution (mg/mL)nominal concentration
of ethinyl estradiol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of ethinyl estradiol; 95.0%–105.0%92.0%–107.0% of
drospirenone
PERFORMANCE TESTS
• Dissolution 711
Test 1: For drug products labeled to contain 3 mg of drospirenone and 0.03 mg of ethinyl
estradiol, or 3 mg of drospirenone and 0.02 mg of ethinyl estradiol
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: (L/900) mg/mL of USP Drospirenone RS and USP Ethinyl Estradiol RS
in Medium, where L is the Tablet label claim of each compound. A volume of methanol
not exceeding 2% of the final total volume of solution may be used to aid in dissolving
these compounds.
Sample solution: Pass a portion of the solution under test through a suitable cellulose
filter of 0.45-µm pore size, discarding the first few mL10 mL.
Mobile phase: Acetonitrile and water (13:25)(40:60)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm (for drospirenone), in series with a fluorescence detector (for
ethinyl estradiol), with excitation at 210 nm and detection at 315 nm, or with
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excitation at 281 nm and detection at 305 nm
Column: 4.6-mm × 6-cm; 3-µm packing L1
Column temperature: 22
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 for both drospirenone and ethinyl estradiol
Tailing factor: Between 0.8 and 1.5 for both drospirenone and ethinyl estradiol
Relative standard deviation: NMT 3% for both drospirenone and ethinyl estradiol
Samples: Standard solution and Sample solution
[Note—In Medium, drospirenone is partially converted into isodrospirenone17epidrospirenone, which has a relative retention time of approximately 1.2 relative to
drospirenone. The amount of drospirenone dissolved is calculated from the sum of
drospirenone and isodrospirenone17-epidrospirenone.]
Calculate the percentage of drospirenone and ethinyl estradiol dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 85% (Q) of the labeled amount of drospirenone and NLT 75% (Q) of the
labeled amount of ethinyl estradiol is dissolved.
Test 2: For drug products labeled to contain 3 mg of drospirenone and 0.02 mg of ethinyl
estradiol. If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: (L/900) mg/mL of USP Drospirenone RS and of USP Ethinyl Estradiol
RS in Medium, where L is the Tablet label claim of each compound.
Sample solution: Centrifuge a portion of the solution under test at 3500 rpm for 15 min,
and use the supernatant.
Mobile phase: Acetonitrile, methanol, and water (40:5:55)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm (for drospirenone), in series with a fluorescence detector (for
ethinyl estradiol), with excitation at 280 nm and detection at 310 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperature
Column: 30
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Autosampler: 5
Flow rate: 1 mL/min
Injection size: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2 for both drospirenone and ethinyl estradiol
Relative standard deviation: NMT 3% for both drospirenone and ethinyl estradiol
Samples: Standard solution and Sample solution
Calculate the percentage of drospirenone and ethinyl estradiol dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of drospirenone and NLT 85% (Q) of
the labeled amount of ethinyl estradiol is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: Acetonitrile, methanol, and water (26:19:55)
Solution B: Acetonitrile, methanol, and water (76:19:5)
Mobile phase: See Table 1.
Table 1
Time
Flow
Solution A Solution B
(min)
(mL/min)
(%)
(%)
0
0.5
90
10
40
0.5
90
10
53
0.5
0
100
59
1.0
0
100
60
0.5
90
10
70
0.5
90
10
System suitability stock solution: 0.54 mg/mL of USP Drospirenone RS in Solution A
System suitability solution: Transfer 1.0 mL of the System suitability stock solution into
a 10-mL volumetric flask, add 1.0 mL of 0.1 N HCl, and heat for 30 min in a 40 water
bath. Immediately add 1 mL of 0.1 N NaOH and allow to reach room temperature. Dilute
with Solution A to volume to obtain a solution containing drospirenone and 17epidrospirenone. [Note—NaOH must be added immediately after heating for the reaction to
proceed properly. The drospirenone to 17-epidrospirenone ratio must be between 3:11:1
and 5:1. ]
Standard solution: 45.0 µg/mL of USP Drospirenone RS, 0.90 µg/mL of USP Ethinyl
Estradiol RS, and 0.90 µg/mL of USP Ethinyl Estradiol Related Compound B RS in Solution A
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Sensitivity solution: 4.5 µg/mL of USP Drospirenone RS, 0.09 µg/mL of USP Ethinyl
Estradiol RS, and 0.09 µg/mL of USP Ethinyl Estradiol Related Compound B RS in Solution A
prepared from the Standard solution
Ethinyl estradiol sample solution: Transfer a number of Tablets, equivalent to 0.45 mg
based on the label claim, of ethinyl estradiol to a 10-mL glass-stoppered test tube and
add 5.0 mL of Solution A. Shake vigorously, sonicate for NLT 5 min, and place in an ice
bath for NLT 10 min. Centrifuge the sample until a clear supernatant is obtained. Filter the
supernatant and use the filtrate.
Drospirenone sample solution: Transfer a number of Tablets, equivalent to 45 mg based
on the label claim, of drospirenone to a 10-mL glass-stoppered test tube and add 5.0 mL
of Solution A. Shake vigorously, sonicate for NLT 5 min, and place in an ice bath for NLT
10 min. Centrifuge the sample until a clear supernatant is obtained. Filter the supernatant
and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector 1: UV 222 nm
Detector 2: Fluorescence, excitation wavelength at 215 nm, emission wavelength at 315
nm. Monitor the signal at 344 nm between 37 and 42 min. [Note—Detector 1 and
Detector 2 are connected in series. Use the response at 344 nm to quantify ethinyl
estradiol related compound B. ]
Column: 3.0-mm × 30-cm; 3-µm packing L1, in series with 4.6-mm × 10-cm; chromolith
packing L1
Column temperature: 40
Flow rate: See Table 1.
Injection size: 20 µL
System suitability
Samples: Standard solution, Sensitivity solution, and System suitability solution
Suitability requirements
Tailing Factor: Between 0.8 and 1.5 for both drospirenone and ethinyl estradiol,
Standard solution
Resolution: NLT 2.0 between drospirenone and 17-epidrospirenone, System suitability
solution
Relative standard deviation: NMT 3.0% for both drospirenone and ethinyl estradiol,
Standard solution
Signal-to-noise ratio: NLT 10 for drospirenone and ethinyl estradiol related compound
B and NLT 7.0 for ethinyl estradiol, Sensitivity solution
Analysis
Samples: Standard solution and Ethinyl estradiol sample solution
Identify the ethinyl estradiol degradation products using the relative retention times
given in Table 2. Calculate the percentage of each ethinyl estradiol degradation product
and unspecified degradation products in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each ethinyl estradiol degradation product from the Ethinyl estradiol
sample solution
rS= peak response of ethinyl estradiol from the Standard solution
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C=
S concentration of USP Ethinyl Estradiol RS in the Standard solution(µg/mL)
C=
U nominal concentration of the Ethinyl estradiol sample solution (µg/mL)
F= relative response factor for each degradation product (see Table 2)
Samples: Standard solution and Ethinyl estradiol sample solution
Calculate the percentage of ethinyl estradiol related compound B in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ethinyl estradiol related compound B from the Ethinyl estradiol
sample solution
rS= peak response of ethinyl estradiol related compound B from the Standard solution
C=
S concentration of USP Ethinyl Estradiol Related Compound B RS in the Standard
solution (µg/mL)
C=
U nominal concentration of the Ethinyl estradiol sample solution (µg/mL)
Samples: Standard solution and Drospirenone sample solution
Identify the drospirenone degradation products using the relative retention times given
in Table 3. Calculate the percentage of each drospirenone degradation product in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each drospirenone degradation product from the Drospirenone
sample solution
rS= peak response of drospirenone from the Standard solution
C=
S concentration of USP Drospirenone RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Drospirenone sample solution (µg/mL)
F= relative response factor for each degradation product (see Table 3)
Acceptance criteria
[Note—Report only degradation products greater than 0.1%.]
Individual degradation products: See Table 2 for ethinyl estradiol and Table 3 for
drospirenone.
Total ethinyl estradiol degradation products: NMT 3.0%
Total drospirenone degradation products: NMT 1.0%
Total degradation products: NMT 4.0%NMT 3.5%

Name
6 -Hydroxy ethinyl
estradiolc
6 -Hydroxy ethinyl
estradiold
6-Keto ethinyl estradiole
Ethinyl
estradiol
related
compound Bf

Impurity Table 1
Relative
Detection
Retention
Mode
Time

Relative
Response
Factor

Limit
(%)a

Fl (215 nm/315 nm)b

0.25

0.73

0.3

Fl (215 nm/315 nm)

0.27

0.64

0.3

UV 222 nm

0.41

2.3

1.5

Fl (215 nm/344 nm)

0.88

—

1.0
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Ethinyl
estradiol-6-eneg
Ethinyl
estradiol
Any unspecified
degradation product

UV 222 nm

0.95

2.8

0.5

Fl (215 nm/315 nm)

1.0

—

—

1.0

0.3

Fl (215 nm/315 nm) and
—
UV 222h
a Report only values greater than 0.1%.
b Fl = fluorescence.
c 19-Nor-6 ,17 -pregna-1,3,5(10)-trien-20-yne-3,6,17-triol.

d 19-Nor-6 ,17 -pregna-1,3,5(10)-trien-20-yne-3,6,17-triol.
e 19-Nor-17 -pregna-1,3,5(10)-trien-20-yne-3,17-diol-6-one.
f D9,11-Ethinyl estradiol. 19-Nor-17 -pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diol.
g D6-Ethinyl estradiol. 19-Nor-17 -pregna-1,3,5(10),6-tetraen-20-yne-3,17-diol.
h Determine unknown impurities using both modes of detection. Report the values from
the detection mode that yield higher impurity levels.
Table 2

Name
6 -Hydroxy
ethinyl
estradiolc
6 -Hydroxy
ethinyl
estradiold
6-Keto
ethinyl
estradiole
Ethinyl
estradiol
related
compound
Bf
Ethinyl
estradiol
Any
unspecified
degradation
product
Total
degradation
product

Detection
Mode
Fl (215
nm/315
nm)g

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)a

Acceptance
Criteria,
NMT (%)b

0.25

0.73

0.3

0.3

Fl (215
nm/315 nm)

0.27

0.64

0.3

0.3

UV 222 nm

0.41

2.3

1.5

0.5

1.0

1.0

—

—

—

1.0

0.3

0.5

3.0

2.5

—
Fl (215
nm/344 nm)
Fl (215
nm/315 nm)
Fl (215
nm/315 nm)
and UV 222h
—

0.88
1.0
—

—

—
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a Limits for drug products labeled to contain 3 mg of drospirenone and 0.03 mg of ethinyl
estradiol.
b Limits for drug products labeled to contain 3 mg of drospirenone and 0.02 mg of ethinyl
estradiol.
c 19-Nor-6 ,17 -pregna-1,3,5(10)-trien-20-yne-3,6,17-triol.
d 19-Nor-6 ,17 -pregna-1,3,5(10)-trien-20-yne-3,6,17-triol.
e 19-Nor-17 -pregna-1,3,5(10)-trien-20-yne-3,17-diol-6-one.
f D9,11-Ethinyl estradiol. 19-Nor-17 -pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diol.
g Fl = Fluorescence.
h Determine unknown impurities using both modes of detection. Report the values from
the detection mode that yield higher impurity levels.
Impurity Table 2
Detection
Relative
Mode
Retention
Time
Name
( nm)
Drospirenone
UV 222
0.75
b
UV 222
0.83
17-Epidrospirenone
Any unspecified degradation product UV 222
—
Ethinyl
—
1.0
estradiol
a Report only values greater than 0.1%.

Relative
Response
Factor
—
1.0
1.0

Limit
(%)a
—
0.3
0.5

—

—

b 17-Hydroxy-6 ,7 :15 ,16 -dimethylene-3-oxo-17 -pregn-4-ene-21-carboxylic acid,
-lactone.
Table 3
Detection
Mode
( nm)
UV 222

Relative
Retention
Time
0.75

Relative
Response
Factor
—

Acceptance
Criteria,
NMT (%)a
—

Acceptance
Criteria,
NMT (%)b
—

Name
Drospirenone
17Epidrospirenonec UV 222
0.83
1.0
0.3
0.3
Ethinyl estradiol
UV 222
1.0
—
—
—
Any unspecified
degradation
—
product
UV 222
1.0
0.3
0.5
Total degradation
—
—
—
product
0.5
1.0
a Limits for drug products labeled to contain 3 mg of drospirenone and 0.03 mg of ethinyl
estradiol.
b Limits for drug products labeled to contain 3 mg of drospirenone and 0.02 mg of ethinyl
estradiol.
c 17-Hydroxy-6 ,7 :15 ,16 -dimethylene-3-oxo-17 -pregn-4-ene-21-carboxylic acid,
-lactone.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Drospirenone RS
USP Ethinyl Estradiol RS
USP Ethinyl Estradiol Related Compound B RS
19-Nor-17 -pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diol.

C20 H22 O2

294.39

2S (USP35)

BRIEFING
Estradiol Cypionate, USP 34 page 2751. As part of the redesign of the monograph, the
following revisions are proposed.
1.
Add the structure of estradiol cypionate.
2.
Correct the internal diameter of the column from 4 mm to 3.9 mm in the Assay.
3.
Change the Flow rate to 1 mL/min in the Assay. This value has been shown to give a
suitable elution time and resolution between estradiol cypionate and the internal
standard.
(SM4: D. Vicchio.)
Correspondence Number—C101943

Comment deadline: November 30, 2011
Estradiol Cypionate
Change to read:

2S (USP35)

C26 H36 O3

396.56

Estra-1,3,5(10)-triene-3,17-diol, (17 )-, 17-cyclopentanepropanoate;
Estradiol 17-cyclopentanepropionate
[313-06-4].
DEFINITION
Estradiol Cypionate contains NLT 97.0% and NMT 103.0% of estradiol cypionate (C26 H36 O3 ),
calculated on the dried basis.
IDENTIFICATION

PF 37(5): Sep.-Oct. 2011

226

• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 100 µg/mL of estradiol cypionate in alcohol
Analytical wavelength: 280 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.8 g/L of ammonium nitrate. Dissolve in 300 mL of water, and combine with
700 mL of acetonitrile.
Internal standard solution: 2.0 mg/mL of testosterone benzoate in tetrahydrofuran
Standard solution: 1.0 mg/mL of USP Estradiol Cypionate RS in the Internal standard
solution
Sample solution: 1.0 mg/mL of Estradiol Cypionate in the Internal standard solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4-mm × 30-cm; packing L1
3.9-mm × 30-cm; 10-µm packing L1 2S (USP35)
Flow rate: The Mobile phase is maintained at a pressure and flow rate capable of giving
the required resolution and a suitable elution time.
1 mL/min 2S (USP35)
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between the peaks for estradiol cypionate and the internal
standard
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of estradiol cypionate (C26 H36 O3 ) in the portion of Estradiol
Cypionate taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of estradiol cypionate to the internal standard from the Sample
solution
R=
S peak response ratio of estradiol cypionate to the internal standard from the Standard
solution
C=
S concentration of USP Estradiol Cypionate RS in the Standard solution (mg/mL)
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C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
SPECIFIC TESTS
• Melting Range or Temperature

741 : 149 –153

• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in dioxane
Acceptance criteria: +39 to +44
• Loss on Drying 731 : Dry a sample at 105 for 4 h: it loses NMT 1.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Estradiol Cypionate RS
BRIEFING
Estradiol Cypionate Injection, USP 34 page 2751. As part of the redesign of the monograph,
it is proposed to correct the internal diameter of the column from 4 mm to 3.9 mm, and to
change the Flow rate to 1 mL/min in the Assay. The proposed Flow rate has been shown to
give suitable elution time and resolution between estradiol cypionate and the internal
standard.
(SM4: D. Vicchio.)
Correspondence Number—C104291

Comment deadline: November 30, 2011
Estradiol Cypionate Injection
DEFINITION
Estradiol Cypionate Injection is a sterile solution of Estradiol Cypionate in a suitable oil. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of estradiol cypionate (C26 H36 O3 ).
IDENTIFICATION
• A.
Sulfanilic acid solution: Mix 50 mg of sulfanilic acid with 2 mL of 3 N hydrochloric acid,
warm the mixture, then cool it in ice water, and slowly add, with agitation, 0.3 mL of
sodium nitrite solution (1 in 10).
Sample solution: Transfer a volume of Injection, equivalent to 5 mg of estradiol
cypionate, to a glass-stoppered, 50-mL test tube, and add 30 mL of alcohol.
Analysis: Shake the Sample solution vigorously for 5 min, centrifuge until the two layers
have separated, and transfer the alcohol layer, with the aid of a hypodermic syringe, to a
50-mL beaker. Evaporate on a steam bath to dryness, add 5 mL of potassium hydroxide
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solution (1 in 10), and heat on the steam bath for 15 min. Add the Sulfanilic acid solution
to the saponified estradiol cypionate.
Acceptance criteria: A red color is produced.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.8 g/L of ammonium nitrate. Dissolve in 300 mL of water, and combine with
700 mL of acetonitrile.
Internal standard solution: 2.0 mg/mL of testosterone benzoate in tetrahydrofuran
Standard solution: 0.1 mg/mL of USP Estradiol Cypionate RS in tetrahydrofuran, prepared
as follows. Transfer 10 mg of USP Estradiol Cypionate RS to a 100-mL volumetric flask,
add 10.0 mL of the Internal standard solution, and dilute with tetrahydrofuran to volume.
Shake vigorously to dissolve.
Sample solution: Using a “to contain” pipet, transfer an accurately measured volume, in
mL, of Injection, equivalent to 10 mg of estradiol cypionate, to a 100-mL volumetric flask.
Rinse the pipet with small portions of tetrahydrofuran, collecting the washings in the
volumetric flask. Add 10.0 mL of the Internal standard solution, and dilute with
tetrahydrofuran to volume.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 280 nm
Column: 4-mm
3.9-mm 2S (USP35)

621 , System Suitability.)

× 30-cm; packing L1
Flow rate: The Mobile phase is maintained at a pressure and flow rate capable of giving
the required resolution and a suitable elution time.
1 mL/min 2S (USP35)
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between the peaks for estradiol cypionate and the internal
standard
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of estradiol cypionate (C26 H36 O3 ) in the portion of Injection
taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of estradiol cypionate to the internal standard from the Sample
solution
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RS= peak response ratio of estradiol cypionate to the internal standard from the Standard
solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Injections

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or in multiple-dose, light-resistant
containers, preferably of Type I glass.
• USP Reference Standards 11
USP Estradiol Cypionate RS
BRIEFING
Fenofibrate Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph, based on validated methods of analyses, is proposed. The HPLC procedures in
the Assay and in the test for Organic Impurities are based on analyses performed with
LiChrosorb RP-18 brand of L1 column. The Synergi Hydro RP brand of L1 column is also
suitable. The typical retention time of fenofibrate is about 9 min for columns with a 4.0-mm
diameter and about 13–15 min for columns with a 4.6-mm diameter.
The HPLC procedure in Dissolution Test 1 is based on analysis performed with Luna C18 brand
of L1 column. The typical retention time for fenofibrate is about 0.6 min. The HPLC
procedure in Dissolution Test 2 is based on analysis performed with the Phenomenex Prodigy
ODS(3) brand of L1 column. The typical retention time for fenofibrate is about 10 min.
(SM3: E. Gonikberg, L. Santos.)
Correspondence Number—C99095; C104502

Comment deadline: November 30, 2011
Add the following:
Fenofibrate Tablets
DEFINITION
Fenofibrate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of fenofibrate
(C20 H21 ClO4 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Acidified water: Adjust the pH of water with phosphoric acid to 2.5 ± 0.1.
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Mobile phase: Acetonitrile and Acidified water (70:30)
System suitability stock solution: 0.1 mg/mL each of USP Fenofibrate Related Compound
A RS and USP Fenofibrate Related Compound B RS in acetonitrile.
System suitability solution: 0.5 µg/mL each of USP Fenofibrate Related Compound A RS
and USP Fenofibrate Related Compound B RS in Mobile phase from System suitability stock
solution
Standard solution: 0.05 mg/mL of USP Fenofibrate RS in Mobile phase
Sample stock solution: Prepare a solution containing approximately 2–4 mg/mL of
fenofibrate by disintegrating the appropriate number of Tablets with sonication in Acidified
water, using 30% of the final volume of the flask. Add acetonitrile to approximately 90%
of flask volume, and sonicate with periodic swirling. Dilute with acetonitrile to volume.
Sample solution: 0.05 mg/mL of fenofibrate in Mobile phase, based on the label claim from
the Sample stock solution. Filter a portion of this solution, discarding the first few mL of
the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.0-mm × 25-cm or 4.6-mm × 25-cm; 5-µm or 4-µm packing L1
Column temperature: 35
Flow rate: 1.2 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between fenofibrate related compound A and fenofibrate related
compound B peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fenofibrate (C20 H21 ClO4 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Fenofibrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of fenofibrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.025 M sodium dodecyl sulfate in water; 1000 mL
Apparatus 2: 50 rpm
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Time: 30 min
Acidified water: Adjust the pH of water with phosphoric acid to 2.5 ± 0.1.
Mobile phase: Acetonitrile and Acidified water (70:30)
Standard stock solution: 2.5 mg/mL of USP Fenofibrate RS in acetonitrile.
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of about (0.001 × L) mg/mL, where L is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 2-mm × 3-cm; 3-µm packing L1
Column temperature: 35
Flow rate: 1.2 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NLT 0.9 and NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fenofibrate (C20 H21 ClO4 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of fenofibrate (C20 H21 ClO4 ) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.05 M sodium dodecyl sulfate in water; 1000 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer: 136 mg/L of monobasic potassium phosphate in water. Adjust with diluted
phosphoric acid to a pH of 2.9 ± 0.05.
Mobile phase: Methanol and Buffer (80:20)
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, discarding the first few mL of the filtrate.
Standard solution: (0.001 × L) mg/mL of USP Fenofibrate RS in Mobile phase, where L is
the label claim, in mg/Tablet
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fenofibrate (C20 H21 ClO4 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of fenofibrate is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Acidified water, Mobile phase, System suitability solution, Sample stock solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.5 µg/mL of USP Fenofibrate RS in Mobile phase
Sample solution: 0.5 mg/mL of fenofibrate in Mobile phase, based on the label claim from
the Sample stock solution. Filter a portion of this solution, discarding first few mL of
filtrate.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between fenofibrate related compound A and fenofibrate related
compound B peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
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rS= peak response of fenofibrate from the Standard solution
C=
S concentration of USP Fenofibrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of fenofibrate in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.34
0.36

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.3
0.2
1.0
0.2

Name
Fenofibrate related compound A
Fenofibrate related compound B
(3RS)-3-[4-(4-Chlorobenzoyl) phenoxy]butan—
—a
2-one
0.50
Methyl 2-[4-(4-chlorobenzoyl) phenoxy]-2—
—a
methyl-propanoate
0.65
Ethyl 2-[4-(4-chlorobenzoyl) phenoxy]-2—
—a
methyl-propanoate
0.80
(4-Chlorophenyl)[4-(1-methylethoxy)
—
—a
phenyl]methanone
0.85
Fenofibrate
1.00
—
—
b
Fenofibrate related compound C
—
1.35
—a
Any unspecified impurity
—
1.0
0.1
Total impurities (includes fenofibrate related
compounds A and B, and unspecified
—
—
impurities)
0.3
a Disregard this impurity. It is a process impurity and is controlled in the drug substance
monograph.
b 1-Methylethyl 2-[[2-[4-(4-chlorobenzoyl)phenoxy]-2-methylpropanoyl]oxy]-2methylpropanoate.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Fenofibrate RS
USP Fenofibrate Related Compound A RS
(4-Chlorophenyl)(4-hydroxyphenyl)methanone. C13 H9 ClO2
232.66
USP Fenofibrate Related Compound B RS
2-[4-(4-Chlorobenzoyl)phenoxy]-2-methylpropanoic acid, or fenofibric
acid. C17 H15 ClO4
318.75
2S (USP35)

BRIEFING
Hydrocortisone, USP 34 page 3060. On the basis of comments and supporting information
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received it is proposed to revise the Acceptance criteria in the test for Residue on Ignition
from negligible to NMT 0.5%.
(SM4: D. Vicchio.)
Correspondence Number—C99345

Comment deadline: November 30, 2011
Hydrocortisone

C21 H30 O5

362.46

Pregn-4-ene-3,20-dione, 11,17,21-trihydroxy-, (11 )-;
Cortisol
[50-23-7].
DEFINITION
Hydrocortisone contains NLT 97.0% and NMT 102.0% of C21 H30 O5 , calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Analytical wavelength: 242 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 2.5%.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, and water (25:25:50)
Diluent: Methanol and water (1:1)
Internal standard solution: 1 mg/mL of propylparaben in methanol
Standard stock solution: 1 mg/mL of USP Hydrocortisone RS in methanol
Standard solution: 2.0 mL of Standard stock solution and 2.0 mL of Internal standard
solution. Dilute with Diluent to 50 mL.
Sample stock solution: 1 mg/mL of Hydrocortisone in methanol
Sample solution: 2.0 mL of Sample stock solution and 2.0 mL of Internal standard
solution. Dilute with Diluent to 50 mL.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for hydrocortisone and propylparaben are about 1.0
and 1.8, respectively.]
Suitability requirements
Resolution: NLT 9.0 between the hydrocortisone and propylparaben peaks
Column efficiency: NLT 3000 theoretical plates for hydrocortisone
Tailing factor: NMT 1.2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocortisone (C21 H30 O5 ) in the portion of Hydrocortisone
taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of hydrocortisone to the internal standard from the Sample solution
R=
S peak response ratio of hydrocortisone to the internal standard from the Standard
solution
C=
S concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
C=
U concentration of Hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
Change to read:
• Residue on Ignition 281 :
Sample: 100 mg
Acceptance criteria: Negligible
NMT 0.5% 2S (USP35)
• Organic Impurities
Mobile phase: Butyl chloride, tetrahydrofuran, methanol, glacial acetic acid, and water
(890: 56: 28: 24: 0.4)
Diluent: Butyl chloride, tetrahydrofuran, methanol, and glacial acetic acid (81.5: 10: 8:
0.5)
Standard solution: 40 µg/mL of USP Hydrocortisone RS in Diluent. [Note—Sonicate for 5
min. ]
Sample solution: 2 mg/mL of Hydrocortisone in Diluent. [Note—Sonicate for 5 min. ]
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L3
Flow rate: 1.5 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5%
Analysis
Samples: Standard solution, Sample solution, and Diluent. [Note—Ignore artifact peaks. ]
Calculate the percentage of impurities in the portion of Hydrocortisone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= individual impurity peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
C=
U concentration of Hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL, in dioxane
Acceptance criteria: +150 to +156
• Loss on Drying 731 : Dry a sample at 105 for 3 h: it loses NMT 1.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards
USP Hydrocortisone RS

11
BRIEFING

Hydrocortisone Acetate, USP 34 page 3065 and page 1533 of PF 36(6) [Nov.–Dec. 2010]. On
the basis of comments and supporting information received it is proposed to revise the
Acceptance criteria in the test for Residue on Ignition from negligible to NMT 0.5%.
Additionally, the inside diameter of the HPLC column in the Assay is revised from 4 mm to 3.9
mm.
(SM4: D. Vicchio.)
Correspondence Number—C99346

Comment deadline: November 30, 2011
Hydrocortisone Acetate
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Change to read:
C23 H32 O6
404.50

USP35

Pregn-4-ene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-, (11 )-;
Cortisol 21-acetate
[50-03-3].
DEFINITION
Hydrocortisone Acetate contains NLT 97.0% and NMT 102.0% of C23 H32 O6 , calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Analytical wavelength: 242 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 2.5%.
ASSAY
Change to read:
• Procedure
Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (475:475:70:35:30)
Standard solution: 0.10 mg/mL of USP Hydrocortisone Acetate RS in Mobile phase
Sample solution: 0.10 mg/mL of Hydrocortisone Acetate in Mobile phase
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 254 nm
Column: 4-mm
3.9-mm 2S (USP35)

621 , System Suitability.)

× 30-cm; 10-µm packing L3
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocortisone acetate (C23 H32 O6 ) in the portion of
Hydrocortisone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of hydrocortisone acetate from the Sample solution
rS= peak response of hydrocortisone acetate from the Standard solution
C=
S concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
C=
U concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
Change to read:
• Residue on Ignition 281
Sample: 100 mg
Acceptance criteria: Negligible
NMT 0.5% 2S (USP35)
• Organic Impurities
Solution A: Acetonitrile and water (20:80)
Solution B: Acetonitrile and water (70:30)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
5
90
10
25
10
90
30
10
90
35
90
10
40
90
10
Diluent: Acetonitrile, glacial acetic acid, and water (700:1:300)
Standard solution: 5 µg/mL of USP Hydrocortisone Acetate RS in Diluent
Sample solution: 1 mg/mL of Hydrocortisone Acetate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
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Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Hydrocortisone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
C=
U concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 1.0%
Total impurities: NMT 2.0%
SPECIFIC TESTS
Change to read:
• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL
10 mg/mL USP35
in dioxane
Acceptance criteria: Between +158 and +165
+167 at 20

USP35

• Loss on Drying 731 : Dry a sample in a vacuum at 60 for 3 h: it loses NMT 1.0% of its
weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Hydrocortisone Acetate RS
Pregn-4-ene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-, (11 ). C23 H32 O6
404.50
BRIEFING
Levetiracetam Oral Solution. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed. The liquid chromatographic procedure in the Assay is
based on the method validated using Inertsil ODS-2 brand of L1 column. Levetiracetam
elutes at about 4 min. The liquid chromatographic procedure in the test for Organic

PF 37(5): Sep.-Oct. 2011

240

Impurities is based on the method validated using Inertsil ODS-3V brand of L1 column.
Levetiracetam elutes at about 14 min.
(SM4: R. Ravichandran.)
Correspondence Number—C99712

Comment deadline: November 30, 2011
Add the following:
Levetiracetam Oral Solution
DEFINITION
Levetiracetam Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
levetiracetam (C8 H14 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak in the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dilute 1 mL of phosphoric acid with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
92
8
6
92
8
7
40
60
10
40
60
11
92
8
15
92
8
Standard solution: 1.0 mg/mL of USP Levetiracetam RS in Solution A
Sample solution: Nominally 1.0 mg/mL of levetiracetam prepared as follows. Transfer a
suitable volume of the Oral Solution to a suitable volumetric flask to obtain 1.0 mg/mL final
concentration of levetiracetam. Add 60% of the flask volume of Solution A, and sonicate
at room temperature for 5 min with intermittent shaking. Allow the solution to cool, and
dilute with Solution A to volume. Pass a portion of the solution under test through a
suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
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Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage the labeled amount of levetiracetam (C8 H14 N2 O2 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levetiracetam from the Sample solution
rS= peak response of levetiracetam from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A: Dilute 2 mL of phosphoric acid with water to 1 L.
Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (5:95)
Mobile phase: See Table 2 .
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
7
95
5
20
90
10
30
75
25
35
50
50
40
50
50
41
100
0
50
100
0
System suitability solution: 0.2 mg/mL of USP Levetiracetam RS and 0.1 mg/mL of USP
Levetiracetam Related Compound A RS in Diluent prepared as follows. Dissolve the required
amount of USP Levetiracetam RS in 10% of the final volume of 0.1 N potassium hydroxide.
Let the mixture react at room temperature for about 15 min, and then neutralize by adding
0.1 N hydrochloric acid at 10% of the flask volume. Add the required amount of USP
Levetiracetam Related Compound A RS, sonicate to dissolve, and dilute with Diluent to
volume. [Note—This solution contains levetiracetam, levetiracetam acid, and
levetiracetam related compound A. ]
Standard solution: 3 µg/mL of USP Levetiracetam RS in Solution A
Sample solution: Nominally 2 mg/mL of levetiracetam prepared as follows. Transfer a
suitable volume of the Oral Solution to a suitable volumetric flask. Add 60% of the flask
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volume of Solution A, and sonicate at room temperature for 5 min with intermittent
shaking. Allow the solution to cool, and dilute with Solution A to volume. Pass a portion of
the solution through a suitable filter.
Chromatographic system
(See Chromatography 621 )
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between levetiracetam related compound A and levetiracetam
acid; System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × CS/CU) × (1/F) × 100
rU= peak response of the impurity from the Sample solution
rS= peak response of levetiracetam from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (mg/mL)
F= relative response factor for each impurity (see Table 3)
Acceptance criteria: See Table 3.

Compound

Table 3
Relative
Retention
Time
1.00
1.38
1.46
—

Relative
Response
Factor
—
—

Levetiracetam
Levetiracetam related compound Aa,c
Levetiracetam acidb
0.92
Any individual unspecified degradation
product
1.0
Total impurities
—
—
a (S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide.
b (S)-2-(2-Oxopyrrolidin-1-yl)butanoic acid.
c This is a process impurity and included for peak identification only.
SPECIFIC TESTS

Acceptance
Criteria,
NMT (%)
—
—
0.3
0.10
0.6
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791 : 5.0–6.0

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirement of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Levetiracetam RS
USP Levetiracetam Related Compound A RS
(S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide.

C8 H14 ClNO3

207.65

2S (USP35)

BRIEFING
Methylbenzethonium Chloride, USP 34 page 3477. As part of the USP monograph
modernization effort, it is proposed to revise the titration-based Assay procedure with a
stability-indicating HPLC procedure. The liquid chromatographic procedure is based on
analysis performed with the Luna C8 brand of L7 column. The typical retention time for the
methylbenzethonium peak is about 10 min. It is also proposed to delete the Limit of
Ammonium Compounds because the test is nonspecific.
(SM1: L. Santos.)
Correspondence Number—C102662

Comment deadline: November 30, 2011
Methylbenzethonium Chloride

C28 H44 ClNO2 ·H2 O
480.12
C28 H44 ClNO2
462.12
Benzenemethanaminium, N,N-dimethyl-N-[2-[2-[methyl-4-(1,1,3,3tetramethylbutyl)phenoxy]ethoxy]ethyl]-, chloride, monohydrate;
Benzyldimethyl[2-[2-[[4-(1,1,3,3-tetramethylbutyl)tolyl]oxy]ethoxy]ethyl]ammonium chloride
monohydrate
[1320-44-1].
Anhydrous
[25155-18-4].
DEFINITION
Methylbenzethonium Chloride contains NLT 97.0% and NMT 103.0% of C28 H44 ClNO2 , calculated
on the dried basis.
IDENTIFICATION
• A. Procedure
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Analysis: To 1 mL of solution (1 in 100) add 2 mL of alcohol, 0.5 mL of 2 N nitric acid, and
1 mL of silver nitrate TS.
Acceptance criteria: A white precipitate, which is insoluble in 2 N nitric acid and soluble in
6 N ammonium hydroxide, is formed.
• B. Infrared Absorption 197K
ASSAY
Change to read:
• Procedure
Sample solution: Transfer the equivalent to 500 mg of dried methylbenzethonium
chloride, with the aid of 35 mL of water, to a glass-stoppered, 250-mL conical separator
containing 25 mL of chloroform. Add 10.0 mL of freshly prepared potassium iodide solution
(1 in 20), insert the stopper into the separator, shake, allow the layers to separate, and
discard the chloroform layer. Wash the aqueous layer with three 10-mL portions of
chloroform, and discard the washings. Transfer the aqueous layer to a glass-stoppered,
250-mL conical flask, and rinse the separator with three 5-mL portions of water, adding
the washings to the flask. Add 40 mL of cold hydrochloric acid to the flask, and mix.
Analysis: Titrate with 0.05 M potassium iodate VS until the solution becomes light brown
in color. Add 5 mL of chloroform, insert the stopper into the flask, and shake vigorously.
Continue the titration, dropwise, with shaking after each addition, until the chloroform
layer becomes colorless and the aqueous layer is clear yellow. Perform a blank
determination, using 20 mL of water as the test specimen (see Titrimetry 541 ,
Residual Titrations). Each mL of 0.05 M potassium iodate is equivalent to 46.21 mg of
C28 H44 ClNO2 .
Acceptance criteria: 97.0%–103.0% on the dried basis
Buffer: Dilute 20 mL of triethylamine with water to 1000 mL, and adjust the pH to 3.0
with phosphoric acid.
Mobile phase: Acetonitrile and Buffer (45:55)
Standard solution: 0.15 mg/mL of USP Methylbenzethonium Chloride RS in Mobile phase
System suitability solution: 0.15 mg/mL each of USP Benzethonium Chloride RS and
USP Methylbenzethonium Chloride RS in Mobile phase
Sample solution 0.15 mg/mL of methylbenzethonium chloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection size: 10 µL
Run time: 1.5 times the retention time of the methylbenzethonium peak
System suitability
Sample: System suitability solution
[Note—The relative retention times for benzethonium and methylbenzethonium are 0.7
and 1.0, respectively.]
Suitability requirements
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Resolution: NLT 5.0 between the benzethonium and methylbenzethonium peaks
Tailing factor: NMT 1.8 for the methylbenzethonium peak
Relative standard deviation: NMT 0.5% for the methylbenzethonium peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylbenzethonium chloride (C28 H44 ClNO2 ·H2 O) in the
portion of Methylbenzethonium Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of methylbenzethonium from the Sample solution
rS= peak response of methylbenzethonium from the Standard solution
C=
S concentration of USP Methylbenzethonium Chloride RS in the Standard solution
(mg/mL)
C=
U concentration of Methylbenzethonium Chloride in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis 2S (USP35)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Delete the following:
Organic Impurities
• Procedure: Limit of Ammonium Compounds
Analysis: To 5 mL of a solution (1 in 50) add 3 mL of 1 N sodium hydroxide, and heat to
boiling.
Acceptance criteria: The odor of ammonia is not perceptible.
2S (USP35)

SPECIFIC TESTS
• Melting Range or Temperature
dried

741 : 159 –163 , the specimen having been previously

• Loss on Drying 731 : Dry a sample at 105 for 4 h: it loses NMT 5.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards

11

USP Benzethonium Chloride RS

2S (USP35)

USP Methylbenzethonium Chloride RS
BRIEFING
Omeprazole Delayed-Release Capsules, USP 34 page 3718. To aid with the identification of
specified impurities in the test for Organic Impurities, it is proposed to introduce a Peak
identification solution, prepared with the new USP Omeprazole Related Compound F and G
Mixture RS. It is also proposed to align the concentration of the Standard solution in Organic
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Impurities with the impurity limits in Table 3. The concentration of the Standard solution is
changed to 1.0 µg/mL, which is equivalent to 0.5% of the concentration of the Sample
solution.
(SM3: E. Gonikberg.)
Correspondence Number—C101207

Comment deadline: November 30, 2011
Omeprazole Delayed-Release Capsules
DEFINITION
Omeprazole Delayed-Release Capsules contain NLT 90.0% and NMT 110.0% of the labeled
amount of omeprazole (C17 H19 N3 O3 S).
IDENTIFICATION
• A. The retention time of the major peak in the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 6.0 g of glycine in 1500 mL of water, adjust with 50% sodium
hydroxide solution to a pH of 9.0, and dilute with water to 2000 mL.
Solution B: Acetonitrile and methanol (85:15)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
88
12
20
40
60
21
88
12
25
88
12
Diluent: Dissolve 7.6 g of sodium borate decahydrate in about 800 mL of water. Add 1.0 g
of edetate disodium, and adjust with 50% sodium hydroxide solution to a pH of 11.0 ± 0.1.
Transfer the solution to a 2000-mL volumetric flask, add 400 mL of dehydrated alcohol,
and dilute with water to volume.
Standard solution: 0.2 mg/mL of USP Omeprazole RS in Diluent, using sonication as
necessary
Sample solution: Weigh and mix the contents of NLT 20 Capsules. Transfer an accurately
weighed portion of the Capsule content, equivalent to 20 mg of omeprazole, to a 100-mL
volumetric flask, add about 50 mL of Diluent, and sonicate for 15 min. Cool, dilute with
Diluent to volume, mix, and pass through a membrane filter of 0.45-µm or finer pore size.
[Note—Bubbles may form just before bringing the solution to volume. Add a few drops of
dehydrated alcohol to dissipate the bubbles if they persist for more than a few minutes. ]
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 305 nm
Column: 4.6-mm × 15-cm; 5-µm base-deactivated packing L7
Flow rate: 1.2 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 20,000 theoretical plates
Tailing factor: 0.8–2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of omeprazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Acid resistance stage
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 100 rpm
Time: 2 h
Buffer C, Mobile phase, Chromatographic system, and System suitability: Proceed
as directed for Buffer stage.
Standard solution: Transfer 50 mg of USP Omeprazole RS to a 250-mL volumetric flask,
dissolve in 50 mL of alcohol, and dilute with 0.01 M sodium borate solution to volume.
Transfer 10.0 mL of this solution into a 100-mL volumetric flask, add 20 mL of alcohol,
dilute with 0.01 M sodium borate solution to volume, and mix.
Sample solution: After 2 h, filter the Medium containing the pellets through a sieve
with an aperture of NMT 0.2 mm. Collect the pellets on the sieve, and rinse them with
water. Using approximately 60 mL of 0.01 M sodium borate solution, carefully transfer
the pellets quantitatively to a 100-mL volumetric flask. Sonicate for about 20 min until
the pellets are broken up. Add 20 mL of alcohol to the flask, dilute with 0.01 M sodium
borate solution to volume, and mix. Dilute an appropriate amount of this solution with
0.01 M sodium borate solution to obtain a solution containing 0.02 mg/mL. At level L1 ,
test 6 units. Test 6 additional units at level L2 , and at level L3 , test an additional 12
units. Continue testing through the three levels unless the results conform at either L1
or L2 .
Analysis
Samples: Standard solution and Sample solution
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Calculate the quantity of the labeled amount of omeprazole (C17 H19 N3 O3 S) dissolved
in Medium, in mg:
Result = T

CS × D × (rU/rS)

T= labeled quantity of omeprazole in the capsule (mg)
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
D= dilution factor used in preparing the Sample solution
rU= peak response from the Sample solution
rS= peak response from the Standard solution
Tolerances
Level L1: No individual value exceeds 15% of the omeprazole dissolved.
Level L2: The average of 12 units is NMT 20% of omeprazole dissolved, and no
individual unit is greater than 35% of omeprazole dissolved.
Level L3: The average of 24 units is NMT 20% of omeprazole dissolved, NMT 2 units
are greater than 35% of omeprazole dissolved, and no individual unit is greater than
45% of omeprazole dissolved.
Buffer stage
Medium: pH 6.8 phosphate buffer, 900 mL
Proceed as directed in Acid resistance stage with a new set of Capsules from the
same batch. After 2 h, add 400 mL of 0.235 M dibasic sodium phosphate to the 500 mL
of 0.1 N hydrochloric acid medium in the vessel. Adjust, if necessary, with 2 N
hydrochloric acid or 2 N sodium hydroxide to a pH of 6.8 ± 0.05.
Apparatus 2: 100 rpm
At the end of 30 min, determine the amount of omeprazole (C17 H19 N3 O3 S) dissolved in
the pH 6.8 phosphate buffer by using the following method.
Buffer A (0.235 M dibasic phosphate buffer, pH 10.4): 33.36 g/L of anhydrous dibasic
sodium phosphate, adjusted with 2 N sodium hydroxide to a pH of 10.4 ± 0.1
Buffer B (phosphate buffer, pH 6.8): 0.1 N hydrochloric acid and Buffer A (5:4),
adjusted with 2 N hydrochloric acid or 2 N sodium hydroxide, if necessary, to a pH of
6.8 ± 0.05.
Buffer C (phosphate buffer, pH 7.6): 0.718 g/L of monobasic sodium phosphate and
4.49 g/L of dibasic sodium phosphate, adjusted with 2 N hydrochloric acid or 2 N
sodium hydroxide, if necessary, to a pH of 7.6 ± 0.1. Dilute 250 mL of this solution
with water to 1000 mL.
Mobile phase: Transfer 340 mL of acetonitrile to a 1000-mL volumetric flask, dilute
with Buffer C to volume, and pass through a membrane filter of 0.5-µm or finer pore
size.
Standard solution A (for Capsules labeled to contain 10 mg): Prepare a solution
containing 2 mg/mL of USP Omeprazole RS in alcohol. Dilute with Buffer B to obtain a
solution containing 0.01 mg/mL. Immediately add 2 mL of 0.25 M sodium hydroxide to
10 mL of this solution, and mix. [Note—Do not allow the solution to stand before
adding the sodium hydroxide solution. ]
Standard solution B (for Capsules labeled to contain 20 or 40 mg): Proceed as directed
for Standard solution A, except to obtain a solution containing 0.02 mg/mL before
mixing with 2 mL of 0.25 M sodium hydroxide.
Sample solution A (for Capsules containing 10 or 20 mg): Immediately transfer 5.0 mL
of the solution under test to a test tube containing 1.0 mL of 0.25 M sodium
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hydroxide. Mix well, and pass through a membrane filter of 1.2-µm or finer pore size.
Protect from light.
Sample solution B (for Capsules labeled 40 mg): Immediately transfer 5.0 mL of the
solution under test to a test tube containing 2.0 mL of 0.25 M sodium hydroxide and 5
mL of Buffer B. Mix well, and pass through a membrane filter of 1.2-µm or finer pore
size. Protect from light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution A or B, as appropriate
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S)
dissolved:
Result = (rU/rS) × (CS/L) × V × D × 100
rU= peak response from the appropriate Sample solution
rS= peak response from the appropriate Standard solution
C=
S concentration of the appropriate Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium; 900 mL
D= dilution factor used in preparing the appropriate Sample solution
Tolerances
For Capsules labeled to contain 10 and 20 mg: NLT 75% (Q) is dissolved.
For Capsules labeled to contain 40 mg: NLT 70% (Q) is dissolved.
The percentages of the labeled amount of omeprazole (C17 H19 N3 O3 S) dissolved at
the time specified conform to Acceptance Table 1 in Dissolution 711 .
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Acid resistance stage
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 2 h
Sample solution: After 2 h, remove each sample from the basket, and quantitatively
transfer into separate volumetric flasks to obtain a solution having a final
concentration of about 0.2 mg/mL. Proceed as directed for the Sample solution in the
Assay, starting with “Add about 50 mL of Diluent”.
Analysis
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Samples: Standard solution and Sample solution
Calculate the quantity of the labeled amount of omeprazole (C17 H19 N3 O3 S) dissolved
in Medium, in mg:
Result = T

CS × D × (rU/rS)

T= labeled quantity of omeprazole in the capsule (mg)
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
D= dilution factor used in preparing the Sample solution
rU= peak response from the Sample solution
rS= peak response from the Standard solution
Tolerances: See Table 2.
Table 2
Level
Criteria
L1 The average of the 6 units is NMT 10% of omeprazole dissolved.
L2 The average of the 12 units is NMT 10% of omeprazole dissolved.
L3 The average of the 24 units is NMT 10% of omeprazole dissolved.
Buffer stage
Medium: 0.05 M pH 6.8 phosphate buffer; 900 mL (see Reagents, Indicators, and
Solutions)
Apparatus 1: 100 rpm
Time: 45 min
Analysis: Proceed as directed for Acid resistance stage with a new set of Capsules
from the same batch. After 2 h, replace the acid Medium with the buffer Medium, and
continue the test for 45 more min. Determine the amount of omeprazole
(C17 H19 N3 O3 S) dissolved from UV absorbances at the wavelength of maximum
absorbance at about 305 nm on portions of the solutions under test passed through a
nylon filter of 0.2-µm pore size, in comparison with a Standard solution having a known
concentration of USP Omeprazole RS in the same Medium.
Tolerances: NLT 75% (Q) is dissolved.
The percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) dissolved at the time
specified conforms to Acceptance Table 1 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, Standard solution,
2S (USP35)

Sample solution, System suitability,
2S (USP35)

and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 1.0 µg/mL of USP Omeprazole RS in Diluent
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Peak identification solution: 0.2 mg/mL of USP Omeprazole RS, 1.0 µg/mL of USP
Omeprazole Related Compounds F and G Mixture RS, and 1.0 µg/mL of 5-methoxy-1Hbenzimidazole-2-thiol in Diluent. Sonicate the solution for 15 min, and then heat at 55
for 30 min. [Note—The heating step facilitates conversion of omeprazole related
compounds F and G into a product with the relative retention time of 0.33. The
remaining unconverted omeprazole related compounds F and G may elute as a very
broad peak at the relative retention time of about 0.5. ] 2S (USP35)
Analysis
Samples: Standard solution, Peak identification solution, and Sample solution
Chromatograph the Peak identification solution, and identify the components on the
basis of their relative retention times, given in the Table 3.
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for omeprazole from the Standard solution
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of omeprazole in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Time

Name

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Thioxopyrido conversion product
Omeprazole related compounds F and G
2S (USP35)

0.33
0.64
—
—

a

1.6
3.1
1.0
—

0.5
0.5
0.5
2.0

5-Methoxy-1H-benzimidazole-2-thiol
Any other individual impurity
Total impurities
a Formed in the solution from two isomers: 1,3-dimethyl-8-methoxy-12thioxopyrido[1¢,2¢:3,4]imidazo[1,2-a]benzimidazol-2(12H)-one and 1,3-dimethyl-9methoxy-12-thioxopyrido[1¢,2¢:3,4]imidazo[1,2-a]benzimidazol-2(12H)-one.
These impurities undergo transformation in the solution to form a conversion product,
which elutes at the relative retention time of 0.33. 2S (USP35)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store between 15
and 30 .
• Labeling: When more than one Dissolution Test is given, the labeling states the Dissolution
Test used only if Test 1 is not used.
Change to read:
• USP Reference Standards

11
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USP Omeprazole RS
USP Omeprazole Related Compounds F and G Mixture RS
1,3-Dimethyl-8-methoxy-12-thioxopyrido[1¢,2¢:3,4]imidazo[1,2-a]benzimidazol-2(12H)one and 1,3-dimethyl-9-methoxy-12-thioxopyrido[1¢,2¢:3,4]imidazo[1,2-a]benzimidazol2(12H)-one.
2S (USP35)
BRIEFING
Ribavirin Tablets. USP 34 page 4142. It is proposed to revise the analysis in Organic
Impurities, Procedure 2, by replacing the use of Relative Response Factors with available
reference standards for quantitation of organic impurities.
(SM1: L. Santos.)
Correspondence Number—C100769

Comment deadline: November 30, 2011
Ribavirin Tablets
DEFINITION
Ribavirin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of ribavirin
(C8 H12 N4 O5 ).
IDENTIFICATION
• A. The retention time of the ribavirin peak from the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 4.0 g/L of sodium dihydrogen phosphate dihydrate in water. Adjust with 5% sodium
hydroxide solution to a pH of 5.0 ± 0.05. Pass the solution through a suitable filter of
0.45-µm pore size.
Mobile phase: Acetonitrile and Buffer (1:49)
Diluent: Acetonitrile and water (3:7)
Standard stock solution: 0.6 mg/mL of USP Ribavirin RS in Diluent
Standard solution: 0.03 mg/mL of USP Ribavirin RS in Mobile phase from the Standard
stock solution
Sample stock solution: Transfer a portion of ribavirin, equivalent to 1000 mg of ribavirin
from finely powdered Tablets (NLT 10), to a 1000-mL volumetric flask. Add about 750 mL
of Diluent, and sonicate with occasional shaking for 30 min. Cool to room temperature,
dilute with Diluent to volume, and mix. Centrifuge, and decant the supernatant.
Sample solution: 0.03 mg/mL of ribavirin in Mobile phase from the Sample stock solution.
Pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 207 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Flow rate: 1 mL/min
Injection size: 20 µL
Run time: 10 min
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NLT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ribavirin (C8 H12 N4 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ribavirin from the Sample solution
rS= peak response of ribavirin from the Standard solution
C=
S concentration of USP Ribavirin RS in the Standard solution (mg/mL)
C=
U nominal concentration of ribavirin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer and Mobile phase: Proceed as directed in the Assay.
Standard solution: 0.22 mg/mL of USP Ribavirin RS in Medium
Sample solution: Pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Calculate the percentage of ribavirin (C8 H12 N4 O5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
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rU= peak response of ribavirin from the Sample solution
rS= peak response of ribavirin from the Standard solution
C=
S concentration of USP Ribavirin RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of ribavirin (C8 H12 N4 O5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities: Procedure 1
[Note—If uracil and/or uridine are known impurities, Procedure 2 is recommended.]
Solution A: 3.4 g/L of potassium dihydrogen phosphate in water. Adjust with 5% potassium
hydroxide solution to a pH of 5.00 ± 0.05. Pass the solution through a suitable filter of
0.45-µm pore size.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
90
10
40
75
25
50
50
50
55
50
50
56
100
0
70
100
0
Standard stock solution: 0.4 mg/mL of USP Ribavirin RS in Solution A
Standard solution: 1 µg/mL of USP Ribavirin RS in Solution A from the Standard stock
solution
Sample solution: Transfer a portion of ribavirin, equivalent to 100 mg of ribavirin from
finely powdered Tablets (NLT 20), to a 200-mL volumetric flask. Add about 150 mL of
Solution A, and sonicate with occasional shaking for 15 min. Cool to room temperature,
dilute with Solution A to volume, and mix. Pass the solution through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
Run time: 70 min. [Note—Data collection is only for the first 55 min. The remaining
gradient steps re-equilibrate the column. ]
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
[Note—Impurities are listed in Table 2.]
Calculate the percentage of any unknown impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unknown impurity from the Sample solution
rS= peak response of ribavirin from the Standard solution
C=
S concentration of USP Ribavirin RS in the Standard solution (mg/mL)
C=
U nominal concentration of ribavirin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
[Note—Disregard any peak area less than 0.05%.]

Name

Table 2
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
—
—
—
0.10
0.30

Triazole acida,b
0.35
a,c
Ribavirin acid
0.40
a,d
Triazole amide
0.64
Ribavirin
1.0
Ribavirin 5-isomera,e
1.37
a,f
Ribavirin methyl ester
2.09
a,g
Ribavirin 5'-acetyl
2.43
Ribavirin 5'-benzoyla,h
4.83
Individual unknown impurity
—
Total impurities
—
a These are process impurities listed for information only.
b 1H-1,2,4-Triazole-3-carboxylic acid.

c 1- -d-Ribofuranosyl-1H-1,2,4-triazole-3-carboxylic acid.
d 1H-1,2,4-Triazole-3-carboxamide.
e 1- -d-Ribofuranosyl-1H-1,2,4-triazole-3-carboxamide.
f Methyl 1- -d-Ribofuranosyl-1H-1,2,4-triazole-3-carboxylate.
g 1-(5-O-Acetyl- -d-ribofuranosyl)-1H-1,2,4-triazole-3-carboxamide.
h 1-(5-O-Benzoyl- -d-ribofuranosyl)-1H-1,2,4-triazole-3-carboxamide.
Change to read:
• Organic Impurities: Procedure 2
Buffer: 3.0 g/L of dibasic potassium phosphate in water. Adjust with phosphoric acid to a
pH of 6.0 ± 0.1. Pass the solution through a suitable filter of 0.45-µm pore size.
Mobile phase: Methanol and Buffer (1:39)

PF 37(5): Sep.-Oct. 2011

256

Standard stock solution: 1 mg/mL
each 2S (USP35)
of USP Ribavirin RS,
USP Ribavirin Related Compound A RS, USP Ribavirin Related Compound D RS, USP Uracil
RS, and USP Uridine RS 2S (USP35)
in water. [Note—Sonicate with occasional shaking to dissolve the solids. ]
Standard solution: 0.01 mg/mL
each 2S (USP35)
of USP Ribavirin RS,
USP Ribavirin Related Compound A RS, USP Ribavirin Related Compound D RS, USP Uracil
RS, and USP Uridine RS 2S (USP35)
in water from the Standard stock solution
Sensitivity solution: 0.5 µg/mL of USP Ribavirin RS from the Standard solution in water
Sample solution: 1.0 mg/mL. Transfer a portion of ribavirin, equivalent to 1000 mg of
ribavirin from finely powdered Tablets (NLT 20), to a 1000-mL volumetric flask. Add about
500 mL of water, and sonicate with occasional shaking for 15 min. Shake the solution for
15 min, and cool to room temperature. Dilute with water to volume, and centrifuge the
solution for 10 min.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 207 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 10 µL
Run time: NLT 4.3 times the retention time of the ribavirin peak
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Impurities are listed in Table 3.]
Calculate the percentage of any impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
Result = (rU/rS) × (CS/CU) × 100

2S (USP35)

rU= peak response of any impurity from the Sample solution
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rS= peak response of ribavirin
corresponding reference standard

2S (USP35)

from the Standard solution
[Note—Use ribavirin for any other individual impurity. ]
C=
S concentration of USP Ribavirin RS
corresponding reference standard

2S (USP35)

2S (USP35)

in the Standard solution (mg/mL)
C=
U nominal concentration of ribavirin in the Sample solution (mg/mL)
F= relative response factor (see Impurity Table 2)
2S (USP35)

Acceptance criteria: See Table 3.
[Note—Disregard any peak area less than 0.05%.]
Table 3
Relative
Retention
Time

Name
Ribavirin acid
Ribavirin related compound A

2S (USP35)

Relative
Response Acceptance
Criteria,
Factor
NMT
(%)
2S (USP35)
0.98

0.55

2S (USP35)

b

0.73

2S (USP35)

Uracilc
Ribavirin

0.89
1.00

2S (USP35)

Uridined

1.71

2S (USP35)

a

Triazole amide
Ribavirin related compound D

Any other individual impurity
Total impurities

1.1

2S (USP35)

—

1.6
—
1.0
1.0
2S (USP35)

—

—

0.25
0.25
0.25
—
0.25
0.17
1.0

a 1- -d-Ribofuranosyl-1H-1,2,4-triazole-3-carboxylic acid.
b 1H-1,2,4-Triazole-3-carboxamide.
c Pyrimidine-2,4(1H,3H)-dione.
d 1- -d-Ribofuranosylpyrimidine-2,4(1H,3H)-dione.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store between 15 –30 .
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling states
with which Organic Impurities test the article complies.
Change to read:
• USP Reference Standards
USP Ribavirin RS

11
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USP Ribavirin Related Compound A RS
1- -d-Ribofuranosyl-1H-1,2,4-triazole-3-carboxylic acid.
USP Ribavirin Related Compound D RS
1H-1,2,4-Triazole-3-carboxamide. C3 H4 N4 O
112.09
USP Uracil RS
Pyrimidine-2,4(1H,3H)-dione. C4 H4 N2 O2
112.09
USP Uridine RS
1- -d-Ribofuranosylpyrimidine-2,4(1H,3H)-dione.

C8 H11 N3 O6

C9 H12 N2 O6

244.20

245.19

2S (USP35)

BRIEFING
Sumatriptan Injection. Because there is no existing USP monograph for this dosage form, a
new monograph based on the validated methods of analysis is proposed. The isocratic liquid
chromatographic procedure for the Assay is based on analyses performed with Inertsil ODS3V brand of L1 column in which the sumatriptan retention time is about 6 min. The gradient
elution liquid chromatographic procedure for Organic Impurities is based on analyses
performed with Inertsil ODS-3V brand of L1 column in which the sumatriptan retention time is
about 13 min.
(SM4: R. Ravichandran, H. Ramanathan, R. Tirumalai.)
Correspondence Number—C98122

Comment deadline: November 30, 2011
Add the following:
Sumatriptan Injection
DEFINITION
Sumatriptan Injection is a sterile solution of Sumatriptan Succinate in Water for Injection. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of sumatriptan (C14 H21 N3 O2 S).
IDENTIFICATION
• A. The retention time of the major peak in the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Add 1.7 mL of butylamine, 0.66 mL of phosphoric acid, and 3.7 g of monobasic
sodium phosphate to 900 mL of water. Mix, and adjust with 1 N sodium hydroxide to a pH
of 7.5 ±0.1. Dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (17:83)
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.14 mg/mL of USP Sumatriptan Succinate RS in Diluent
Sample solution: Nominally 0.1 mg/mL of sumatriptan from the Injection in Diluent
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)

PF 37(5): Sep.-Oct. 2011

259

Detector: UV 227 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 10 µL
Run time: About 3 times the retention time of sumatriptan
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sumatriptan (C14 H21 N3 O2 S) in the
Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sumatriptan Succinate RS in the Standard solution (mg/mL)
CU= nominal concentration of sumatriptan in the Sample solution (mg/mL)
Mr1
= molecular weight of sumatriptan free base, 295.40
Mr2
= molecular weight of sumatriptan succinate, 413.49
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A: Add 2 mL of triethylamine to 1 L of a solution containing 3.7 g/L of monobasic
sodium phosphate monohydrate. Adjust with phosphoric acid to a pH of 7.5 ±0.1.
Solution B: Acetonitrile
Diluent: Acetonitrile and water (20:80)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
12
75
25
25
75
25
30
95
5
40
95
5
System suitability solution: 2 mg/mL of USP Sumatriptan Succinate RS and 8 µg/mL of
USP Sumatriptan Related Compound C RS in Diluent. Sonication may be used to aid
dissolution.
Standard solution: 0.01 mg/mL of USP Sumatriptan Succinate RS in Diluent. Sonication
may be used to aid dissolution.
Sample solution: Nominally 1.4 mg/mL of sumatriptan from the Injection in Diluent.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between sumatriptan related compound C and sumatriptan,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity as well as any individual unspecified
degradation product in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sumatriptan Succinate RS in the Standard solution (mg/mL)
CU= nominal concentration of sumatriptan in the Sample solution (mg/mL)
Mr1
= molecular weight of sumatriptan free base, 295.40
Mr2
= molecular weight of sumatriptan succinate, 413.49
F = Relative response factor (seeTable 2)
Acceptance criteria: See Table 2.
Table 2

Name
Sumatriptan monomethyla
Sumatriptan N-oxideb
Sumatriptan related compound Cc
Sumatriptan
Sumatriptan methyl 2-carboxylated
Specified unidentified degradation product
(molecular weight 531)e
Any individual unspecified degradation product
Total impurities

Relative
Retention
Time
0.83
0.88
0.96
1.0
1.31
1.92
—
—

Relative
Response
Factor
0.83
1.0
0.81
—
0.43
1.0
1.0
—

Acceptance
Criteria
NMT
(% w/w)
0.3
0.2
0.5
—
0.1
0.5
0.2
2.0
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a N-Methyl-1-{3-[2-(methylamino)ethyl]-1H-indol-5-yl}methanesulfonamide.
b N-Methyl-1-{3-[2-(dimethylamino N-oxide)ethyl]-1H-indol-5-yl}methanesulfonamide.
c 3-[2-(Dimethylamino)ethyl]-1-(hydroxymethyl)-1H-indol-5-yl]-Nmethylmethanesulfonamide.
d Methyl 3-[2-(dimethylamino)ethyl]-5-(N-methylsulfamoylmethyl)-1H-indole-2carboxylate.
e Chemical information not available.
SPECIFIC TESTS
• pH

791 : 4.2–5.3

• Osmolality and Osmolarity

785 : 270–330 mOsmol

• Particulate Matter in Injections
• Bacterial Endotoxins Test
sumatriptan.
• Sterility Tests

788 : Meets requirements

85 : It contains NMT 20 USP Endotoxin Units/mg of

71 : Meets the requirements

• Other Requirements: It meets the requirements under Injections

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type 1 glass.
Store between 2 and 30 , protected from light.
• USP Reference Standards 11
USP Endotoxin RS
USP Sumatriptan Related Compound C RS
[[3-[2-(Dimethylamino)ethyl]-1-(hydroxymethyl)-1H-indol-5-yl]-Nmethylmethanesulfonamide succinate salt]. C15 H23 N3 O3 S·0.5 C4 H6 O4
USP Sumatriptan Succinate RS
2S (USP35)

384.47
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are

PF 37(5): Sep.-Oct. 2011

265

critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
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The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
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1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

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

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

In-Process
Revision

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

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Docetaxel, USP 34 page 2615. On the basis of comments received, it is proposed to provide a
detailed procedure for the Heavy Metals test. The comment period for this revision ends
January 31, 2012. In the absence of negative comments, it is proposed to implement this
revision through an Interim Revision Announcement, with an official date of May 1, 2012.
(SM3: F. Mao.)
Correspondence Number—C97974

Comment deadline: January 31, 2012
Docetaxel

C43 H53 NO14 ·3H2 O
861.93
Anhydrous
807.88
Benzenepropanoic acid, -[[(1,1-dimethylethoxy)carbonyl]amino]- -hydroxy-, 12b(acetyloxy)-12-(benzoyloxy)-2a,3,4,4a,5,6,9,10,11,12,12a,12b-dodecahydro-4,6,11trihydroxy-4a,8,13,13-tetramethyl-5-oxo-7,11-methano-1H-cyclodeca[3,4]benz[1,2-b]oxet-9yl ester trihydrate, [2aR-[2a ,4 ,4a ,6 ,9 ( R*, S*),11 ,12 ,12a ,12b ]]-;
(2R,3S)-N-Carboxy-3-phenylisoserine, N-tert-butyl ester, 13-ester with 5 ,20-epoxy-1,2 ,4,7
,10 ,13 -hexahydroxytax-11-en-9-one 4-acetate 2-benzoate, trihydrate

[148408-66-6].
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DEFINITION
Docetaxel contains NLT 97.5% and NMT 102.0% of docetaxel (C43 H53 NO14 ), calculated on the
anhydrous and solvent-free basis. [Caution—Docetaxel is cytotoxic. Great care should be
taken to prevent inhaling particles of Docetaxel and exposing the skin to it. ]
IDENTIFICATION
• A. Infrared Absorption 197
[Note—Methods described in Infrared Absorption

197K ,

197M , or

197S

may be used.

Use a solution containing 60 mg/mL of Docetaxel in methylene chloride for 197S .]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
72
28
9.0
72
28
39.0
28
72
39.1
72
28
50
72
28
Diluent: Acetonitrile, water, and acetic acid (100: 100: 0.1)
System suitability solution: 1 mg/mL of USP Docetaxel Identification RS in Diluent. [Note
—USP Docetaxel Identification RS contains docetaxel and small amounts of 2-debenzoxyl
2-pentenoyl docetaxel, 6-oxodocetaxel, 4-epidocetaxel, and 4-epi-6-oxodocetaxel. See
Table 2. ]
Standard solution: 1.0 mg/mL made by transferring a quantity of USP Docetaxel RS to a
suitable volumetric flask, dissolving in alcohol, equivalent to about 5% of the final volume,
and diluting with Diluent to volume
Sample solution: 1.0 mg/mL made by transferring a quantity of Docetaxel to a suitable
volumetric flask, dissolving in alcohol, equivalent to about 5% of the final volume, and
diluting with Diluent to volume
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 232 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperature
Refrigerated autosampler: 10
Column: 45
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Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 4 between 2-debenzoxyl 2-pentenoyl docetaxel and docetaxel,
System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of docetaxel (C43 H53 NO14 ) in the portion of Docetaxel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of docetaxel in the Standard solution (mg/mL)
C=
U concentration of Docetaxel in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Delete the following:
•
Heavy Metals, Method I 231
Sample solution: Dissolve 1 g in 20 mL of a mixture of dimethylformamide and water
(17:3). To 12 mL of this solution, add 2 mL of pH 3.5 Acetate Buffer and mix. Add 1.2 mL
of thioacetamide–glycerin base TS and mix.
Acceptance criteria: NMT 20 µg/g (IRA 1-May-2012)
Add the following:
•
Heavy Metals
Lead nitrate stock solution: Prepare as directed in Heavy Metals
Reagents.

231 , Special

pH 3.5 acetate buffer: Prepare as directed in Heavy Metals 231 , Method I.
Diluent: Dimethylformamide and water (17:3)
Standard lead solution: 1 µg/mL of lead in Diluent from the Lead nitrate stock solution,
prepared on the day of use
Test stock preparation: Dissolve 1 g of Docetaxel in 20 mL of Diluent.
Test preparation: Place 12 mL of the Test stock preparation in a color-comparison tube,
add 2 mL of pH 3.5 acetate buffer and 1.2 mL of thioacetamide–glycerin base TS, and
mix.
Monitor preparation: Place 10 mL of the Standard lead solution in a color-comparison
tube, add 2 mL of the Test stock preparation, and mix. Add 2 mL of pH 3.5 acetate buffer
and 1.2 mL of thioacetamide–glycerin base TS, and mix.
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Blank preparation: Place 10 mL of Diluent in a color-comparison tube, add 2 mL of the
Test stock preparation, and mix. Add 2 mL of pH 3.5 acetate buffer and 1.2 mL of
thioacetamide–glycerin base TS, and mix.
Analysis: Allow the Test preparation, Monitor preparation, and Blank preparation to stand
for 2 min, and view downward over a white surface.
Acceptance criteria: Compared to the Blank preparation, the Monitor preparation shows a
slight brown color. Any brown color in the Test preparation is not more intense than in the
Monitor preparation (NMT 20 µg/g). (IRA 1-May-2012)
• Organic Impurities
System suitability solution, Standard solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Docetaxel RS in Diluent from the Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 4 between 2-debenzoxyl 2-pentenoyl docetaxel and docetaxel,
System suitability solution
Signal-to-noise ratio: NLT 10 for the docetaxel peak, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Docetaxel taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of the responses of all peaks from the Sample solution
F= relative response factor for each individual impurity (see Table 2)
Acceptance criteria
Individual impurities: See Table 2. Disregard any impurity peaks less than 0.05%.

Name
2-Debenzoxyl 2-pentenoyl docetaxela
Docetaxel
6-Oxodocetaxelb
4-Epidocetaxelc
4-Epi-6-oxodocetaxeld
Any unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
0.97
1.00
1.08
1.13
1.18
—
—

Relative
Response
Factor
0.63
—
1.0
1.0
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
—
0.3
0.3
0.2
0.10
1.0
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a (2aR,4S,4aS,6R,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12bDodecahydro-4,6,9,11,12,12b-hexahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5-one 12b-acetate, 12-[(E)-2-methylbut-2-enoate],
9-ester with (2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.
b (2aR,4S,4aS,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12b-Dodecahydro4, 9,11,12,12b-pentahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5,6-dione 12b-acetate, 12-benzoate, 9-ester with
(2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.
c (2aR,4R,4aS,6R,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12bDodecahydro-4,6,9,11,12,12b-hexahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5-one 12b-acetate, 12-benzoate, 9-ester with
(2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.
d (2aR,4R,4aS,9S,11S,12S,12aR,12bS)-1,2a,3,4,4a,6,9,10,11,12,12a,12b-Dodecahydro4, 9,11,12,12b-pentahydroxy-4a,8,13,13-tetramethyl-7,11-methano-5Hcyclodeca[3,4]benz[1,2-b]oxet-5,6-dione 12b-acetate, 12-benzoate, 9-ester with
(2R,3S)-N-tert-butoxycarbonyl-3-phenylisoserine.

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial limit does not exceed 102 cfu/g. The total molds and yeasts count
does not exceed 10 cfu/g.
• Bacterial Endotoxins Test

85 : It contains NMT 0.3 USP Endotoxin Units/mg.

• Water Determination, Method Ic

921 : 5.0%–7.0%

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in methanol
Acceptance criteria:
free basis.

39 to

41 (t = 20 ), calculated on the anhydrous and solvent-

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at
room temperature.
• USP Reference Standards 11
USP Docetaxel RS
USP Docetaxel Identification RS
It contains docetaxel and small amounts of the following:
2-Debenzoxyl 2-pentenoyl docetaxel: (2aR,4S,4aS,6R,9S,11S,12S,12aR,12bS)1,2a,3,4,4a,6,9,10,11,12,12a,12b-dodecahydro-4,6,9,11,12,12b-hexahydroxy4a,8,13,13-tetramethyl-7,11-methano-5H-cyclodeca[3,4]benz[1,2-b]oxet-5-one 12bacetate, 12-[(E)-2-methylbut-2-enoate], 9-ester with (2R,3S)-N-tert-butoxycarbonyl3-phenylisoserine.
C41 H55 NO14
785.87
6-Oxodocetaxel: (2aR,4S,4aS,9S,11S,12S,12aR,12bS)1,2a,3,4,4a,6,9,10,11,12,12a,12b-dodecahydro-4, 9,11,12,12b-pentahydroxy-
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4a,8,13,13-tetramethyl-7,11-methano-5H-cyclodeca[3,4]benz[1,2-b]oxet-5,6-dione
12b-acetate, 12-benzoate, 9-ester with (2R,3S)-N-tert-butoxycarbonyl-3phenylisoserine.
C43 H51 NO14
805.86
4-Epidocetaxel: (2aR,4R,4aS,6R,9S,11S,12S,12aR,12bS)1,2a,3,4,4a,6,9,10,11,12,12a,12b-dodecahydro-4,6,9,11,12,12b-hexahydroxy4a,8,13,13-tetramethyl-7,11-methano-5H-cyclodeca[3,4]benz[1,2-b]oxet-5-one 12bacetate, 12-benzoate, 9-ester with (2R,3S)-N-tert-butoxycarbonyl-3phenylisoserine.
C43 H53 NO14
807.88
4-Epi-6-oxodocetaxel: (2aR,4R,4aS,9S,11S,12S,12aR,12bS)1,2a,3,4,4a,6,9,10,11,12,12a,12b-dodecahydro-4, 9,11,12,12b-pentahydroxy4a,8,13,13-tetramethyl-7,11-methano-5H-cyclodeca[3,4]benz[1,2-b]oxet-5,6-dione
12b-acetate, 12-benzoate, 9-ester with (2R,3S)-N-tert-butoxycarbonyl-3phenylisoserine.
C43 H51 NO14
805.86
USP Endotoxin RS
BRIEFING
Levalbuterol Hydrochloride, USP 34 page 3281 and page 4978 of the First Supplement. On
the basis of comments received, it is proposed to revise this monograph as follows:
1.
Introduce a second identification procedure based on retention time agreement, as
obtained in the test for Enantiomeric Purity.
2.
Delete the Column efficiency requirement from the test for Organic Impurities as the
monograph includes more robust acceptance criteria for resolution between two
critical pairs.
3.
In the test for Organic Impurities, rename the Standard solution as the System
Suitability solution to reflect its true function in the procedure.
4.
Revise Table 3 in the Organic Impurities test to include levalbuterol and its relative
retention time.
5.
In the test for Organic Impurities, delete the requirement for Total unknown impurities
in Table 3 to be consistent with ICH guidelines.
6.
Rename the Enantiomeric Puirty and Chiral Identity test as the Enantiomeric Purity
test.
7.
Delete System suitability solution B in the Enantiomeric Purity test as it is not used
anywhere in the test. Consequently, System suitability solution A has been renamed
as the System suitability solution. Revise the concentration of USP Albuterol RS in
the System suitability solution to be consistent with the validation data.
8.
Delete the Column efficiency requirement from the Enantiomeric Purity test as the test
contains a resolution requirement, which is a better system suitability parameter.
9.
In the USP Reference Standards section, add molecular formulas and molecular weights
to levabuterol related compounds A–F.
The comment period for this revision ends on January 31, 2012. In the absence of any
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2012.
(SM4: R. Ravichandran.)

PF 37(6): Nov.-Dec. 2011

15

Correspondence Number—C106281

Comment deadline: January 31, 2012
Levalbuterol Hydrochloride

C13 H21 NO3 ·HCl

275.77

(R)- 1-[(tert-Butylamino)methyl]-4-hydroxy-m-xylene- , ¢-diol hydrochloride
8].

[50293-90-

DEFINITION
Levalbuterol Hydrochloride contains NLT 98.0% and NMT 102.0% of levalbuterol hydrochloride
(C13 H21 NO3 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B: The retention time of the major peak of the Diluted sample solution corresponds to that
of the levalbuterol peak in the System suitability solution, as obtained in the test for
Enantiomeric Purity. (IRA 1-May-2012)
ASSAY
Change to read:
• Procedure
Solution A: A solution (1 in 1000) of phosphoric acid in water
Solution B: Acetonitrile, methanol, phosphoric acid, and water (350:350:1:300)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
91.5
8.5
15
91.5
8.5
15.01
0
100
20
0
100
20.01
91.5
8.5
30
91.5
8.5
Diluent: Solution A
Standard solution: 100 µg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Sample solution: 100 µg/mL of Levalbuterol Hydrochloride in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: Greater than
NLT (IRA 1-May-2012)
5500 theoretical plates
Tailing factor: Less than
NMT (IRA 1-May-2012)
2.3
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levalbuterol hydrocholoride (C13 H21 NO3 ·HCl) in the portion of
Levalbuterol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Levalbuterol Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.10%
• Heavy Metals, Method I 231 : NMT 10 ppm
Change to read:
• Organic Impurities
Solution A, Solution B, Diluent, and Sample solution: Proceed as directed in the Assay.
Standard solution
System suitability solution: (IRA 1-May-2012)
Prepare a solution containing the following in Diluent:
USP
USP
USP
USP

Levalbuterol Hydrochloride RS, 100 µg/mL
Levalbuterol Related Compound A RS, 0.05 µg/mL
Levalbuterol Related Compound B RS, 0.05 µg/mL
Levalbuterol Related Compound C RS, 0.05 µg/mL
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USP Levalbuterol Related Compound D RS, 0.05 µg/mL
USP Levalbuterol Related Compound E RS, 0.05 µg/mL
USP Levalbuterol Related Compound F RS, 0.05 µg/mL
USP Levalbuterol Related Compound H RS, 0.05 µg/mL

1S (USP34)

Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
70
30
50
28
72
50.01
0
100
55
0
100
55.01
100
0
70
100
0
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
System suitability solution

(IRA 1-May-2012)

Suitability requirements
Resolution: NLT 4.9 between levalbuterol and levalbuterol related compound A; NLT 1.5
between levalbuterol related compound B and levalbuterol related compound C
Column efficiency: NLT 4000 for levalbuterol
(IRA 1-May-2012)

Tailing factor: NMT 4.0 for levalbuterol
Relative standard deviation: Less than 20% from any of the six related compound
peaks
NMT 20% for the levalbuterol, levalbuterol related compound D, and levalbuterol
related compound F peaks (IRA 1-May-2012)
Analysis
Sample: Standard solution and Sample solution
[Note—Integrate all peaks with an area greater than 0.05% of the area corresponding to
the levalbuterol peak.]
Calculate the percentage of each impurity in the portion of Levalbuterol Hydrochloride
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taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all the peaks
from the Sample solution (IRA 1-May-2012)
F= relative response factor for each impurity (see Table 3)
Acceptance criteria: See Table 3.

Name
Levabuterol
Levalbuterol related compound A
Levalbuterol related compound H
1S (USP34)

Levalbuterol related compound B
Levalbuterol related compound C
Levalbuterol related compound D
Levalbuterol related compound E
Levalbuterol related compound F
Any unknown impurity
Any individual unspecified impurity

Table 3
Relative
Retention
Time
1.0
1.2

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
— (IRA 1-May-2012)
1.0
0.1

1.3
1.5

1.0
1.0

1.6
1.7
2.1
3.5

1.0
3.0
1.0
1.2

—

—

0.15

(IRA 1-May-2012)

Total unknown impurities
Total impurities

—

—

—

—

(RB 1-Aug-2009)

0.10
0.15
(RB 1-Aug-2009)

0.05
0.1
0.10
0.10
0.1
(IRA 1-May-2012)

0.5

1S (USP34)

Change to read:
• Enantiomeric Purity and Chiral Identity
(IRA 1-May-2012)

Mobile phase: Acetonitrile, methanol, acetic acid, and triethylamine (500:500:3:1)
Diluent: Mobile phase
System suitability solution A
(IRA 1-May-2012)

: 0.10 mg/mL of USP Levalbuterol Hydrochloride RS and 0.40 µg
0.04 mg/mL (IRA 1-May-2011)
of USP Albuterol RS in Diluent
System suitability solution B: 1.5 mg/mL of USP Albuterol RS in Diluent
(IRA 1-May-2012)

Sample solution: 0.8 mg/mL of Levalbuterol Hydrochloride in Diluent
Diluted sample solution: 0.1 mg/ml from the Sample solution (IRA 1-May-2012)
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L63
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution A
[Note—The relative retention times of levalbuterol and (S)-albuterol are 1.0 and 1.16,
respectively.]
(IRA 1-May-2012)

Suitability requirements
Resolution: NLT 2.0 between levalbuterol and (S)-albuterol
Column efficiency: NLT 4000, calculated from either peak
Tailing factor: NMT 2.2 for levalbuterol and (S)-albuterol
Relative standard deviation: NMT 20% for (S)-albuterol injected three times
for three injections. (IRA 1-May-2012)
Analysis
Samples: Sample solution and System suitability solution B and
Diluted sample solution (IRA 1-May-2012)

Calculate the percentage of (S)-albuterol in the portion of Levalbuterol Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response of (S)-albuterol
from the Sample solution (IRA 1-May-2012)
r=
T sum of the peak responses for levalbuterol and (S)-albuterol
from the Sample solution (IRA 1-May-2012)
Acceptance criteria: NMT 0.2% of (S)-albuterol
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic bacterial count is less than 101 cfu/g. The total combined molds and yeasts
count is less than 101cfu/g. It meets the requirements of the tests for absence of
Salmonella species, Staphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa.
• pH

791 : 4.5–5.5, in a 10-mg/mL solution

• Water Determination, Method Ic
ADDITIONAL REQUIREMENTS

921 : NMT 0.3%
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• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
• USP Reference Standards
USP Albuterol RS

11

1S (USP34)

USP Levalbuterol Hydrochloride RS
USP Levalbuterol Related Compound A RS
4-(2-tert-Butylamino-ethyl)-2-hydroxymethyl-phenol.
C13 H21 NO2
223.31 (IRA 1-May-2012)
USP Levalbuterol Related Compound B RS
[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-methyl-benzenemethanol.
C13 H21 NO2
223.31 (IRA 1-May-2012)
USP Levalbuterol Related Compound C RS
[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 NO3
253.34 (IRA 1-May-2012)
USP Levalbuterol Related Compound D RS
5-[2-{(1,1-Dimethylethyl)amino]-1-hydroxyethyl]-2-hydroxy-benzaldehyde.
C13 H19 NO3
237.29 (IRA 1-May-2012)
USP Levalbuterol Related Compound E RS
[{(1,1-Dimethylethyl)amino}methyl]-3-(ethoxymethyl)-4-hydroxybenzenemethanol.
C15 H25 NO3
267.36 (IRA 1-May-2012)
USP Levalbuterol Related Compound F RS
[{(1,1-Dimethylethyl)amino}methyl]-4-(phenylmethoxy)-1,3-benzenedimethanol.
C20 H27 NO3
329.43 (IRA 1-May-2012)
USP Levalbuterol Related Compound H RS
4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
C14 H23 NO3
253.34 1S (USP34)
BRIEFING
Levalbuterol Inhalation Solution, USP 34 page 3282. On the basis of comments received, it is
proposed to revise this monograph as follows:
1.
Revise the Definition to reflect the content in terms of levalbuterol free base.
2.
For consistency with the Definition, revise the formula in the Assay to include the
molecular weight correction required for calculation of the content of levalbuterol
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free base.
3.
In the Assay, revise the amount of sodium chloride in the Diluent from 9.0 ± 0.05 g to
9.0 g because it is not necessary to weigh the sodium chloride that accurately.
4.
Delete the Column efficiency requirement in the test for Organic Impurities because
that requirement is not appropriate for gradient elution methods and the monograph
does contain resolution requirements for two critical pairs.
5.
Include a table containing the specified impurities along with the limits for the
degradation products in the Organic Impurities test. The proposed revision allows
the analyst to identify process-related impurities that are not required to be included
in the Total impurities.
6.
In Table 3 of the test for Organic Impurities, in the Acceptance criteria, replace the
term “any unknown impurity” with “any individual unspecified degradation product”.
7.
Delete the requirement for Total unknown impurities in the Organic Impurities test to
be consistent with ICH guidelines.
8.
Change the name of the Enantiomeric Purity and Chiral Identity test to Enantiomeric
Purity.
9.
Delete the Color and Achromicity requirement because Color and Achromicity 631
does not have any information about APHA units.
10.
Specify the unit in the test for Particulate Matter as the number of particles per
container.
11.
In the USP Reference Standards section, add molecular formulas and molecular weights
for levalbuterol related compounds A–G.
The comment period for this revision ends on January 31, 2012. In the absence of any
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2012.
(SM4: R. Ravichandran.)
Correspondence Number—C104496

Comment deadline: January 31, 2012
Levalbuterol Inhalation Solution
DEFINITION
Change to read:
Levalbuterol Inhalation Solution is a sterile, aqueous solution of Levalbuterol Hydrochloride,
prepared with Sodium Chloride. It contains NLT 90.0% and NMT 110.0% of the labeled amount
of levalbuterol hydrochloride
(IRA 1-May-2012)

(C13 H21 NO3 ·HCl
(IRA 1-May-2012)

).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 1 in 1000 solution of phosphoric acid in water
Solution B: Acetonitrile, methanol, water, and phosphoric acid (350:350:300:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
91.5
8.5
15
91.5
8.5
15.01
0
100
20
0
100
20.01
91.5
8.5
30
91.5
8.5
Diluent: Dissolve 9.0 ±0.05
(IRA 1-May-2012)

g of sodium chloride in 950 mL of water. Adjust with dilute sulfuric acid to a pH of 4.0, and
dilute with water to 1000 mL. Mix, and pass through a filter of 0.45-µm pore size.
Standard solution: 0.1 mg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of levalbuterol hydrochloride
(equivalent to 0.087 mg/mL of levalbuterol free base) (IRA 1-May-2012)
in Diluent from an appropriately diluted volume of Inhalation Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5500 theoretical plates
Tailing factor: NMT than 2.3
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levalbuterol (C13 H21 NO3 )·HCl
(IRA 1-May-2012)
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in the portion of Inhalation Solution taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1 /Mr2 ) × 100

(IRA 1-May-2012)

rU = peak response of levalbuterol hydrochloride from the Sample solution
rS = peak response of levalbuterol hydrochloride from the Standard solution
CS = concentration of USP Levalbuterol Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of levalbuterol in the Sample solution (mg/mL)
Mr1= molecular weight of levalbuterol (free base), 239.31
Mr2 = molecular weight of levalbuterol hydrochloride, 275.77 (IRA 1-May-2012)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Diluent, and Sample solution: Proceed as directed in the Assay.
Standard solution
System suitability solution (IRA 1-May-2012)
: [Note—Prepare a solution containing the following in Diluent. ]
USP Levalbuterol Hydrochloride RS, 100 µg/mL
USP Levalbuterol Related Compound A RS, 0.05 µg/mL
USP Levalbuterol Related Compound B RS, 0.05 µg/mL
USP Levalbuterol Related Compound C RS, 0.05 µg/mL
USP Levalbuterol Related Compound D RS, 0.05 µg/mL
USP Levalbuterol Related Compound E RS, 0.05 µg/mL
USP Levalbuterol Related Compound F RS, 0.05 µg/mL
USP Levalbuterol Related Compound G RS, 0.05 µg/mL
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
( %)
0
100
0
30
70
30
50
28
72
50.01
0
100
55
0
100
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55.01
70

100
100

0
0

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm, 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
System suitability solution

(IRA 1-May-2012)

Suitability requirements
Resolution: NLT 4.9 between levalbuterol and levalbuterol related compound A; NLT 1.5
between levalbuterol related compound B and levalbuterol related compound C
Column efficiency: NLT 4000 determined from the levalbuterol peak
(IRA 1-May-2012)

Tailing factor: NMT 4.0 for the levalbuterol peak
Relative standard deviation: NMT 20% determined from any of the six related
compound peaks
for the levalbuterol related compound D and levalbuterol related coompund G peaks.
(IRA 1-May-2012)

Analysis
Samples: Standard solution and
(IRA 1-May-2012)

Sample solution
[Note—Integrate all peaks with an area greater than 0.05% of the area corresponding to
the levalbuterol peak.]
Calculate the percentage of each impurity in the portion of Inhalation Solution taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all the peaks
F= relative response factor for each impurity obtained from Table 3
Acceptance criteria: See Table 3.

Name
Levalbuterol related compound Ga

Table 3
Relative
Retention
Time
0.90

Relative
Response
Factor
1.0

Acceptance
Criteria,
NMT (%)
0.10
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compound
compound
compound
compound

Aa,b
Ha,b
Ba,b
Ca,b

Levalbuterol related compound Da
Levalbuterol related compound Ea,b
Levalbuterol related compound F a,b
Any unknown impurity
Any individual unspecified degradation
product (IRA 1-May-2012)

—
1.2
1.3
1.5
1.6

—
—
—
—
—

1.7
2.1
3.5

3.0
—
—

—

—

—
—
—
—
—
0.08
(NMT 1.0
µg/ampul)
(IRA 1-May-2012)

—
—

0.10
0.25

—
—
Total unknown impurities
(IRA 1-May-2012)
Total impurities
—
—
0.70
a See USP Reference Standards for chemical names.
b Process impurity. Included for identification purposes only. Not to be included in the
Total impurities.
Change to read:
• Enantiomeric Purity and Chiral Identity
(IRA 1-May-2012)

Mobile phase: Acetonitrile, methanol, acetic acid, and triethylamine (500:500:3:1)
Diluent: Mobile phase
System suitability solution: A
(IRA 1-May-2012)

0.10 mg/mL of USP Levalbuterol Hydrochloride RS and 0.40 µg
0.04 mg/mL (IRA 01-May-2012)
of USP Albuterol RS in Diluent
System suitability solution B: 1.5 mg/mL of USP Albuterol RS in Diluent
(IRA 1-May-2012)

Sample solution: Inhalation Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L63
Flow rate: 1mL/min
Injection volume: 10 µL for System suitability solution A and System suitability solution
B. Sample solution: Suitable volume of Inhalation Solution to obtain a 4.2 µg of
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levalbuterol injected on column.
Run time: NLT 30 min
System suitability
Sample: System suitability solution A
[Note—The relative retention times of levalbuterol and (S)-albuterol are 1.0 and 1.16,
respectively.]
(IRA 1-May-2012)

Suitability requirements
Resolution: NLT 3.0 between levalbuterol and (S)-albuterol, System suitability solution A
(IRA 1-May-2012)

Tailing factor: NMT 1.6 for levalbuterol and NMT 2.0 for (S)-albuterol
Relative standard deviation: NMT 20% for (S)-albuterol, from three injections of the
System suitability solution A
for three injections (IRA 1-May-2012)
Analysis
Sample: System suitability solution B
(IRA 1-May-2012)

Sample solution
Calculate the percentage of (S)-albuterol in the Inhalation Solution:
Result = (rU/rT) × 100
r=
U peak response for (S)-albuterol
r=
T sum of the responses of both levalbuterol and (S)-albuterol peaks
Acceptance criteria: NMT 2.50% of (S)-albuterol in the Sample solution
SPECIFIC TESTS
Delete the following:
• Color and Achromicity
• Sterility Tests
• pH

631 : NMT 20 APHA platinum cobalt units

71 : Meets the requirements

791 : 3.3–4.5

Change to read:
• Particulate Matter in Injections

788 : See Table 4.

Table 4
Limit
Particle Size
NMT (particles)
(µm) /container (IRA 1-May-2012)
10
250
25

25

100

2

300

1

(IRA 1-May-2012)
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785 , Osmolality: 280–320 mOsmol/kg

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in low-density polyethylene single-use ampuls, with a
multilayer foil overwrap. Store at controlled room temperature.
• Labeling: The outer label indicates the dose and that the ampuls should be discarded if the
solution is not colorless.
Change to read:
• USP Reference Standards 11
USP Albuterol RS
USP Levalbuterol Hydrochloride RS
USP Levalbuterol Related Compound A RS
4-(2-tert-Butylamino-ethyl)-2-hydroxymethyl-phenol.
C13 H21 NO2
223.31 (IRA 1-May-2012)
USP Levalbuterol Related Compound B RS
[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-methyl-benzenemethanol.
C13 H21 NO2
223.31 (IRA 1-May-2012)
USP Levalbuterol Related Compound C RS
[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 NO3
253.34 (IRA 1-May-2012)
USP Levalbuterol Related Compound D RS
5-[2-{(1,1-Dimethylethyl)amino}-1-hydroxyethyl]-2-hydroxy-benzaldehyde; also
known 5- [2-{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C13 H19 NO3
237.29 (IRA 1-May-2012)

[Note—This reference standard is available as benzenesulfonic acid salt. ]
USP Levalbuterol Related Compound E RS
[{(1,1-Dimethylethyl)amino}methyl]-3-(ethoxymethyl)-4-hydroxybenzenemethanol.
C15 H25 NO3
267.36 (IRA 1-May-2012)
USP Levalbuterol Related Compound F RS
[{(1,1-Dimethylethyl)amino}methyl]-4-(phenylmethoxy)-1,3-benzenedimethanol.
C20 H27 NO3
329.43 (IRA 1-May-2012)
USP Levalbuterol Related Compound G RS
[{(1,1-Dimethylethyl)amino}methyl]-4,5-dihydroxy-1,3-benzenedimethanol.
C13 H21 NO4
255.31 (IRA 1-May-2012)
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USP Levalbuterol Realted Compound H RS
4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
C14 H23 NO3
253.34
BRIEFING
Mirtazapine Tablets, USP 34 page 3540. On the basis of comments received, it is proposed to
revise the monograph as follows:
1.
Dissolution test: Include a formula to calculate the percentage of the labeled amount of
mirtazapine.
2.
Organic Impurities test: Revise the test to include the following:
Add a System suitability solution to be consistent with the revised test in the
drug substance monograph from the Second Supplement to USP 32.
Revise the calculation formula in the Analysis.
Add a table identifying process impurities and degradants with corresponding
relative retention times.
Modify the entry for acyclomirtazapine methyl derivative impurity with a relative
retention time of 1.3 to indicate it as a process impurity and identify it with
an appropriate footnote indicating that it is not included in the total
impurities.
Include a footnote to identify the process impurities in the impurity table.
Include acceptance criteria and relative response factors for degradation
products.
3.
USP Reference Standards: Add USP Mirtazapine Resolution Mixture RS.
The comment period for this revision ends on January 31, 2012. In the absence of any
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2012.
(SM4: R. Ravichandran, H. Ramanathan.)
Correspondence Number—C88513

Comment deadline: January 31, 2012
Mirtazapine Tablets
DEFINITION
Mirtazapine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of mirtazapine
(C17 H19 N3 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Extraction mixture: n-Hexane and water (1:1)
Sample: Transfer an amount equivalent to 30 mg of mirtazapine from finely powdered
Tablets to a suitable centrifuge tube. Add Extraction mixture to obtain a solution of 1
mg/mL of mirtazapine in n-hexane. Shake for 5 min, and centrifuge. Decant, and
evaporate the supernatant.
Standard: Dissolve USP Mirtazapine RS in Extraction mixture to obtain a solution having a

PF 37(6): Nov.-Dec. 2011

29

concentration of about 1 mg of mirtazapine/mL of n-hexane. Shake for 5 min, and
centrifuge. Decant, and evaporate the supernatant.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Acetonitrile and water (1:1)
Buffer: Dissolve 18.0 g of tetramethylammonium hydroxide pentahydrate in 950 mL of
water. Adjust with phosphoric acid to a pH of 7.4, and dilute with water to 1 L.
Mobile phase: Acetonitrile, methanol, tetrahydrofuran, and Buffer (15: 12.5: 7.5: 65)
Standard solution: 0.3 mg/mL of USP Mirtazapine RS in Diluent
Sample solution: Nominally 0.3 mg/mL of mirtazapine (from an amount equivalent to the
weight of 1 Tablet from NLT 20 finely powdered Tablets) in Diluent. Shake vigorously for
10 min, centrifuge an aliquot, and use the clear supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 7000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mirtazapine (C17 H19 N3 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
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Time: 15 min
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary.
Standard solution: USP Mirtazapine RS in Medium in a concentration similar to the one
expected in the Sample solution
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 315 nm
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount mirtazapine (C17 H19 N3 ) dissolved:
Result = (Au/As ) × Cs × V × (1/L) × 100
A=
u absorbance of the Sample solution
A=
s absorbance of the Standard solution
C=
s concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
V= volume of the Medium, 900 mL
L= label claim (mg/Tablet) (IRA 1-May-2012)
Tolerances: NLT 80% (Q) of the labeled amount of C17 H19 N3 is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Diluent, Buffer, and Mobile phase: Proceed as directed in the Assay.
Standard stock solution: Prepare as directed for Standard preparation in the Assay in
Mirtazapine.
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 100-mL
volumetric flask, dilute with Diluent to volume, and mix.
Sample solution: 1.5 mg/mL of mirtazapine (from an amount equivalent to the weight of
1 Tablet from NLT 20 finely powdered Tablets) in Diluent. Shake vigorously for 10 min,
centrifuge an aliquot, and use the clear supernatant.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution.
Suitability requirements
Column efficiency: NLT 7000 theoretical plates
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response of any impurity from the Sample solution
rS= mirtazapine peak response from the Standard solution
C=
S concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
F=Relative response factor which is 0.24 for 4-methyl-1-(3-methyl-pyridin-2-yl)-2phenyl-piperazine at a relative retention time of about 1.3, and 1.0 for any other
impurity
[Note—Disregard any peak representing less than 0.05% of the main peak and any peak
that is due to the Diluent.]
• Acceptance criteria
Individual impurities: NMT 0.2%
Total impurities: NMT 2.0%
Diluent, Buffer, and Mobile phase: Proceed as directed in the Assay.
System suitability solution: 1.5 mg/mL of USP Mirtazapine Resolution Mixture RS in
Diluent
Standard solution: 0.015 mg/mL of USP Mirtazapine RS in Diluent
Sample solution: 1.5 mg/mL of mirtazapine (from an amount equivalent to the weight of
1 Tablet from NLT 20 finely powdered Tablets) in Diluent. Shake vigorously for 10 min,
centrifuge an aliquot, and use the clear supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of mirtazapine
System suitability
Samples: System suitability solution and Standard solution.
[Note—The telative retention times are listed in Table 1.]
Suitability requirements
Resolution: NLT 1.5 between acyclomirtazapine methyl derivative (impurity E) and
10-ketomirtazpine (impurity F), System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any impurity from the Sample solution
rS= mirtazapine peak response from the Standard solution
C=
S concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.2
0.3
0.35
0.4
1.0
1.3
1.35
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.8
0.2
—
—g
1.0
0.2
—
—g
—
—
—
—g
5.0
0.2
1.0
0.2

Name
Mirtazapine N-oxidea
Acyclomirtazapine alcoholb
1-Ketomirtazpinec
Desmethylmirtazapined
Mirtazapine
Acyclomirtazapine methyl derivativee
10-Ketomirtazapinef
Any individual unspecified degradation
product
Total impurities
—
—
2.0
[Note—Disregard any peak representing less than 0.05% of the main peak and any peak
that is due to the Diluent.]
a 1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido[2,3-c][2]benzazepine 2oxide. (Impurity A)
b (2-(4-Methyl-2-phenylpiperazin-1-yl)pyridin-3-yl)methanol. (Impurity B)
c (2-Methyl-3,4,10,14b-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-1(2H)one. (Impurity C)
d 1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine. (Impurity D)
e 4-Methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine. (Impurity E)
f 2-Methyl-1,2,3,4-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-10(14bH)one. (Impurity F)
g Process impurity. Included for identification purposes only. Not to be included in Total
impurities.
(IRA 1-May-2012)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
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Change to read:

• USP Reference Standards
USP Mirtazapine RS

11

USP Mirtazapine Resolution Mixture RS
This resolution mixture contains approximately 0.1% w/w each of the following:
Impurity A: 1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido[2,3-c]
[2]benzazepine 2-oxide.
Impurity B: (2-(4-Methyl-2-phenylpiperazin-1-yl)pyridin-3-yl)methanol.
Impurity C: (2-Methyl-3,4,10,14btetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-1(2H)-one.
Impurity D: 1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine.
Impurity E: 4-Methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine.
Impurity F: 2-Methyl-1,2,3,4-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin10(14bH)-one.
(IRA 1-May-2012)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
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, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

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

and
USP35

and

NF30

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

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
1 Injections, USP 34 page 33 and page 1644 of PF 36(6) [Nov.–Dec. 2010]. In an effort
to reduce redundancy within the Compendium, text in the section Foreign and Particulate
Matter that pertains to exemptions found in Particulate Matter for Injections
proposed for deletion.

788

is

(GSDF: D. Hunt.)
Correspondence Number—C108741

Comment deadline: January 31, 2012
1

INJECTIONS

INTRODUCTION
Parenteral articles are preparations intended for injection through the skin or other external
boundary tissue, rather than through the alimentary canal, so that the active substances they
contain are administered, using gravity or force, directly into a blood vessel, organ, tissue, or
lesion. Parenteral articles are prepared scrupulously by methods designed to ensure that they
meet Pharmacopeial requirements for sterility, pyrogens, particulate matter, and other
contaminants, and, where appropriate, contain inhibitors of the growth of microorganisms. An
Injection is a preparation intended for parenteral administration and/or for constituting or
diluting a parenteral article prior to administration.
Change to read:
NOMENCLATURE AND DEFINITIONS
Nomenclature1
The following nomenclature pertains to five general types of preparations, all of which are

PF 37(6): Nov.-Dec. 2011

35

suitable for, and intended for, parenteral administration. They may contain buffers,
preservatives, or other added substances.
1. [DRUG] Injection—Liquid preparations that are drug substances or solutions thereof.
2. [DRUG] for Injection—Dry solids that, upon the addition of suitable vehicles, yield
solutions conforming in all respects to the requirements for Injections.
3. [DRUG] Injectable Emulsion—Liquid preparations of drug substances dissolved or
dispersed in a suitable emulsion medium.
4. [DRUG] Injectable Suspension—Liquid preparations of solids suspended in a suitable
liquid medium.
5. [DRUG] for Injectable Suspension—Dry solids that, upon the addition of suitable
vehicles, yield preparations conforming in all respects to the requirements for Injectable
Suspensions.
Definitions
PHARMACY BULK PACKAGE
A Pharmacy bulk package is a container of a sterile preparation for parenteral use that contains
many single doses. The contents are intended for use in a pharmacy admixture program and are
restricted to the preparation of admixtures for infusion or, through a sterile transfer device, for
the filling of empty sterile syringes.
The closure shall be penetrated only one time after constitution with a suitable sterile transfer
device or dispensing set which allows measured dispensing of the contents. The Pharmacy bulk
package is to be used only in a suitable work area such as a laminar flow hood (or an
equivalent clean air compounding area).
Designation as a Pharmacy bulk package is limited to preparations from Nomenclature
categories 1, 2, or 3 as defined above. Pharmacy bulk packages, although containing more
than one single dose, are exempt from the multiple-dose container volume limit of 30 mL and
the requirement that they contain a substance or suitable mixture of substances to prevent
the growth of microorganisms.
Where a container is offered as a Pharmacy bulk package, the label shall (a) state prominently
“Pharmacy Bulk Package—Not for direct infusion,” (b) contain or refer to information on proper
techniques to help assure safe use of the product, and (c) bear a statement limiting the time
frame in which the container may be used once it has been entered, provided it is held under
the labeled storage conditions.
LARGE- AND SMALL-VOLUME INJECTIONS
Where used in this Pharmacopeia, the designation Large-volume intravenous solution applies to
a single-dose injection that is intended for intravenous use and is packaged in containers
labeled as containing more than 100 mL. The designation Small-volume Injection applies to an
Injection that is packaged in containers labeled as containing 100 mL or less.
USP35

BIOLOGICS
The Pharmacopeial definitions for sterile preparations for parenteral use generally do not apply
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in the case of the biologics because of their special nature and licensing requirements (see
Biologics

1041 ).
INGREDIENTS
Vehicles and Added Substances

Aqueous Vehicles—The vehicles for aqueous Injections meet the requirements of the Pyrogen
Test 151 or the Bacterial Endotoxins Test 85 , whichever is specified. Water for Injection
generally is used as the vehicle, unless otherwise specified in the individual monograph. Sodium
chloride may be added in amounts sufficient to render the resulting solution isotonic; and
Sodium Chloride Injection, or Ringer's Injection, may be used in whole or in part instead of
Water for Injection, unless otherwise specified in the individual monograph. For conditions
applying to other adjuvants, see Added Substances in this chapter.
Other Vehicles—Fixed oils used as vehicles for nonaqueous Injections are of vegetable origin,
are odorless or nearly so, and have no odor suggesting rancidity. They meet the requirements
of the test for Solid paraffin in Mineral Oil, the cooling bath being maintained at 10 , have a
Saponification Value between 185 and 200 (see Fats and Fixed Oils
Value between 79 and 141 (see Fats and Fixed Oils
following tests.
Unsaponifiable Matter (see Fats and Fixed Oils
Acid Value (see Fats and Fixed Oils

401 ), and meet the requirements of the

401 ): not more than 1.5%.

401 ): not more than 0.2.

Peroxide Value (see Fats and Fixed Oils
Water, Method Ic

401 ), have an Iodine

401 ): not more than 5.0.

921 : not more than 0.1%.

Limit of Copper, Iron, Lead, and Nickel— [Note—The test for nickel is not required if the oil has
not been subjected to hydrogenation, or a nickel catalyst has not been used in processing. ]
Proceed as directed in the section Trace Metals in Fats and Fixed Oils 401 . Not more than 1
ppm of copper is found; not more than 1 ppm of iron is found; not more than 1 ppm of lead is
found; and not more than 1 ppm of nickel is found.
Synthetic mono- or diglycerides of fatty acids may be used as vehicles, provided they are liquid
and remain clear when cooled to 10 and have an Iodine Value of not more than 140 (see Fats
and Fixed Oils 401 ).
These and other nonaqueous vehicles may be used, provided they are safe, in the volume of
Injection administered, and also provided they do not interfere with the therapeutic efficacy of
the preparation or with its response to prescribed assays and tests.
Added Substances—Suitable substances may be added to preparations intended for injection
to increase stability or usefulness, unless proscribed in the individual monograph, provided they
are harmless in the amounts administered and do not interfere with the therapeutic efficacy or
with the responses to the specified assays and tests. No coloring agent may be added, solely
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for the purpose of coloring the finished preparation, to a solution intended for parenteral
administration (see also Added Substances in General Notices and Antimicrobial Effectiveness
Testing 51 ).
Observe special care in the choice and use of added substances in preparations for injection
that are administered in a volume exceeding 5 mL. The following maximum limits prevail unless
otherwise directed: for agents containing mercury and the cationic, surface-active compounds,
0.01%; for chlorobutanol, cresol, phenol, and similar types of substances, 0.5%; and for sulfur
dioxide, or an equivalent amount of the sulfite, bisulfite, or metabisulfite of potassium or
sodium, 0.2%.
A suitable substance or mixture of substances to prevent the growth of microorganisms must
be added to preparations intended for injection that are packaged in multiple-dose containers,
regardless of the method of sterilization used, unless one of the following conditions prevails:
(1) there are different directions in the individual monograph; (2) the substance contains a
radionuclide with a physical half-life of less than 24 hours; and (3) the active ingredients are
themselves antimicrobial. Such substances are used in concentrations that will prevent the
growth of or kill microorganisms in the preparations for injection. Such substances also meet
the requirements of Antimicrobial Effectiveness Testing
Content

51

and Antimicrobial Agents—

341 . Sterilization processes are employed even though such substances are used

(see also Sterilization and Sterility Assurance of Compendial Articles 1211 ). The air in the
container may be evacuated or be displaced by a chemically inert gas. Where specified in a
monograph, information regarding sensitivity of the article to oxygen is to be provided in the
labeling.
LABELS AND LABELING
Labeling
Note—See definitions of “label” and “labeling” in section 10.40 Labeling under section 10.
Preservation, Packaging, Storage, and Labeling of the General Notices and Requirements.
The label states the name of the preparation; in the case of a liquid preparation, the
percentage content of drug or amount of drug in a specified volume; in the case of a dry
preparation, the amount of active ingredient; the route of administration; a statement of
storage conditions and an expiration date; the name and place of business of the
manufacturer, packer, or distributor; and an identifying lot number. The lot number is capable
of yielding the complete manufacturing history of the specific package, including all
manufacturing, filling, sterilizing, and labeling operations.
Where the individual monograph permits varying concentrations of active ingredients in the
large-volume parenteral, the concentration of each ingredient named in the official title is
stated as if part of the official title, e.g., Dextrose Injection 5%, or Dextrose (5%) and Sodium
Chloride (0.2%) Injection.
The labeling includes the following information if the complete formula is not specified in the
individual monograph: (1) In the case of a liquid preparation, the percentage content of each
ingredient or the amount of each ingredient in a specified volume, except that ingredients
added to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect; and (2) in the case of a dry preparation or other preparation to
which a diluent is intended to be added before use, the amount of each ingredient, the
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composition of recommended diluent(s) [the name(s) alone, if the formula is specified in the
individual monograph], the amount to be used to attain a specific concentration of active
ingredient and the final volume of solution so obtained, a brief description of the physical
appearance of the constituted solution, directions for proper storage of the constituted
solution, and an expiration date limiting the period during which the constituted solution may be
expected to have the required or labeled potency if it has been stored as directed.
Containers for Injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions and that contain a volume of more than 1 L are labeled to indicate that the contents
are not intended for use by intravenous infusion.
Injections intended for veterinary use are labeled to that effect.
The container is so labeled that a sufficient area of the container remains uncovered for its full
length or circumference to permit inspection of the contents.
STRENGTH AND TOTAL VOLUME FOR SINGLE- AND MULTIPLE-DOSE INJECTABLE DRUG
PRODUCTS
For single-dose and multiple-dose injectable drug products, the strength per total volume
should be the primary and prominent expression on the principal display panel of the label,
followed in close proximity by strength per mL enclosed by parentheses. For containers holding
a volume of less than 1 mL, the strength per fraction of a mL should be the only expression of
strength. Strength per single mL should be expressed as mg/mL, not mg/1 mL.
The following formats are acceptable for contents of greater than 1 mL:
Total strength/total volume: 500 mg/10 mL
Strength/mL: 50 mg/mL
or
Total strength/total volume: 25,000 Units/5 mL
Strength/mL: 5,000 Units/mL
The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL
There are, however, some exceptions to expressing strength per total volume. In certain cases,
the primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). An example is the use of lidocaine or
other similar drugs used as a local anesthetic where the product is ordered and administered by
percentage (e.g., 1%, 2%) or a local anesthetic in combination with epinephrine that is
expressed as a ratio (e.g., 1:100,000). In such cases, the total strength should be expressed:
for example, 1% (100 mg/10 mL). Dry solids, which need to be reconstituted, should follow the
same format, with the exception that only the total strength of the drug should be listed, not
the strength/total volume or strength/mL.
Aluminum in Large-Volume Parenterals (LVPs), Small-Volume Parenterals (SVPs), and
Pharmacy Bulk Packages (PBPs) Used in Total Parenteral Nutrition (TPN) Therapy
a. The aluminum content of LVPs used in TPN therapy must not exceed 25 µg per L (µg/L).
b. The package insert of LVPs used in TPN therapy must state that the drug product
contains no more than 25 µg of aluminum per L. This information must be contained in
the “Precautions” section of the labeling of all LVPs used in TPN therapy.
c. If the maximum amount of aluminum in SVPs and PBPs is 25 µg per L (µg/L) or less,
instead of stating the exact amount of aluminum that each contains, as in paragraph
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(d), the immediate container label for SVPs and PBPs used in the preparation of TPN
parenterals (with exceptions as noted below) may state: “Contains no more than 25
µg/L of aluminum”. If the SVP or PBP is a lyophilized powder, the immediate container
label may state the following: “When reconstituted in accordance with the package
insert instructions, the concentration of aluminum will be no more than 25 µg/L”.
d. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVPs and PBPs used in the preparation of TPN parenterals and injectable
emulsions. The aluminum content must be stated as follows: “Contains no more than __
µg/L of aluminum”. The immediate container label of all SVPs and PBPs that are
lyophilized powder used in the preparation of TPN solutions must contain the following
statement: “When reconstituted in accordance with the package insert instructions,
the concentration of aluminum will be no more than __ µg/L.” This maximum amount of
aluminum must be stated as the highest one of the following three levels:
1. The highest level for the batches produced during the last three years
2. The highest level for the latest five batches
3. The maximum level in terms of historical levels, but only until completion of
production of the first five batches after July 26, 2004.
The package insert for all LVPs, SVPs, and PBPs used in the preparation of TPN products must
contain a warning statement. This warning must be contained in the “Warning” section of the
labeling and must state the following: “WARNING: This product contains aluminum that may be
toxic. Aluminum may reach toxic levels with prolonged parenteral administration if kidney
function is impaired. Premature neonates are particularly at risk because their kidneys are
immature, and they require large amounts of calcium and phosphate solutions that contain
aluminum. Research indicates that patients with impaired kidney function, including premature
neonates, who receive parenteral levels of aluminum at greater than 4 to 5 µg per kg per day
accumulate aluminum at levels associated with central nervous system and bone toxicity.
Tissue loading may occur at even lower rates of administration of TPN products.”
Change to read:
PACKAGING
Containers for Injections
Containers, including the closures, for preparations for injections do not interact physically or
chemically with the preparations in any manner to alter the strength, quality, or purity beyond
the official requirements under the ordinary or customary conditions of handling, shipment,
storage, sale, and use. The container is made of material that permits inspection of the
contents. The type of glass preferable for each parenteral preparation is usually stated in the
individual monograph. Unless otherwise specified in the individual monograph, plastic containers
may be used for packaging injections (see Containers—Plastics 661 ).
For definitions of single-dose and multiple-dose containers, see sections 10.20.70 and
10.20.110, respectively, in the General Notices and Requirements. Containers meet the
requirements in Containers—Glass 660 and Containers—Plastics 661 .
Containers are closed or sealed in such a manner as to prevent contamination or loss of
contents. Validation of container integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities. In addition, the solutes and the vehicle must
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maintain their specified total and relative quantities or concentrations when exposed to
anticipated extreme conditions of manufacturing and processing, and storage, shipment, and
distribution. Closures for multiple-dose containers permit the withdrawal of the contents
without removal or destruction of the closure. The closure permits penetration by a needle and,
upon withdrawal of the needle, closes at once, protecting the container against contamination.
Validation of the multiple-dose container integrity must include verification that such a package
prevents microbial contamination or loss of product contents under anticipated conditions of
multiple entry and use.
Piggyback containers are usually intravenous infusion containers used to administer a second
infusion through a connector of some type or an injection port on the administration set of the
first fluid, thereby avoiding the need for another injection site on the patient's body. Piggyback
containers are also known as secondary infusion containers.
Potassium Chloride for Injection Concentrate
The use of a black closure system on a vial (e.g., a black flip-off button and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampul is prohibited, except for Potassium Chloride for Injection Concentrate.
Neuromuscular Blocking and Paralyzing Agents
All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules or cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.
Containers for Sterile Solids
Containers, including the closures, for dry solids intended for parenteral use do not interact
physically or chemically with the preparation in any manner to alter the strength, quality, or
purity beyond the official requirements under the ordinary or customary conditions of handling,
shipment, storage, sale, and use.
A container for a sterile solid permits the addition of a suitable solvent and withdrawal of
portions of the resulting solution or suspension in such manner that the sterility of the product
is maintained.
Where the Assay in a monograph provides a procedure for the Sample solution, in which the
total withdrawable contents are to be withdrawn from a single-dose container with a
hypodermic needle and syringe, the contents are to be withdrawn as completely as possible
into a dry hypodermic syringe of a rated capacity not exceeding three times the volume to be
withdrawn and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length, with care
being taken to expel any air bubbles, and discharged into a container for dilution and assay.
Container Content
Each container of an injection contains sufficient excess to allow withdrawal of the labeled
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quantity of drug. Such withdrawal shall be performed according to labeled directions, if
provided.
DETERMINATION OF VOLUME OF INJECTION IN CONTAINERS
This section is harmonized with the corresponding texts of the European Pharmacopoeia and/or
the Japanese Pharmacopoeia. These pharmacopeias have undertaken not to make any
unilateral change to this harmonized section. A portion of the present text (see below) is
national USP text, and therefore not part of the harmonized text; it is marked with symbols (
) to specify this fact.
Suspensions and emulsions must be shaken before withdrawal of the contents and before the
determination of the density. Oily and viscous preparations may be warmed according to the
instructions on the label, if necessary, and thoroughly shaken immediately before removing the
contents. The contents are then cooled to 20 –25 C before measuring the volume. Sterile
solid formulations must be constituted according to labeled directions before removing the
contents. Contents are then to be measured following the procedures for suspensions,
emulsions, or solutions, as appropriate.
Single-Dose Containers—Select 1 container if the volume of the container is 10 mL or more,
3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5 containers if the
nominal volume is 3 mL or less. Take up individually the total contents of each container
selected into a dry syringe of a capacity not exceeding three times the volume to be measured
and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length. Expel any air bubbles
from the syringe and needle, and then discharge the contents of the syringe, without emptying
the needle, into a standardized, dry cylinder (graduated to contain rather than to deliver the
designated volumes) of such size that the volume to be measured occupies at least 40% of its
graduated volume. Alternatively, the volume of the contents in mL may be calculated as the
mass, in g, divided by the density. For containers with a nominal volume of 2 mL or less, the
contents of a sufficient number of containers may be pooled to obtain the volume required for
the measurement, provided that a separate, dry syringe assembly is used for each container.
The contents of containers holding 10 mL or more may be determined by means of opening
them and emptying the contents directly into the graduated cylinder or tared beaker.
The volume is not less than the nominal volume in the case of containers examined individually
or, in the case of containers with a nominal volume of 2 mL or less, is not less than the sum of
the nominal volumes of the containers taken collectively.
Multi-Dose Containers—For Injections in multiple-dose containers labeled to yield a specific
number of doses of a stated volume, select 1 container, and proceed as directed for singledose containers, using the same number of separate syringe assemblies as the number of doses
specified. The volume is such that each syringe delivers not less than the stated dose.
Injections in Cartridges or Prefilled Syringes—Select 1 container if the volume is 10 mL or
more, 3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5
containers if the nominal volume is 3 mL or less. If necessary, fit the containers with the
accessories required for their use (needle, piston, syringe) and transfer the entire contents of
each container without emptying the needle into a dry tared beaker by slowly and constantly
depressing the piston. Determine the volume in mL, calculated as the mass, in g, divided by the
density.
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The volume measured for each of the containers is not less than the nominal volume.
Large-Volume Intravenous Solutions—For intravenous solutions, select 1 container.
Transfer the contents into a dry measuring cylinder of such a capacity that the volume to be
determined occupies at least 40% of the nominal volume of the cylinder. Measure the volume
transferred.
The volume is not less than the nominal volume.
Labeling on Ferrules and Cap Overseals
Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to labeling of
injectable products, and one that assures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:
1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include but are
not limited to: “Warning—Paralyzing Agent” and “Dilute Before Using.” The cautionary
statement should be printed in a contrasting color and clearly visible under ordinary
conditions of use.
2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.
3. Other statements or features including but not limited to identifying numbers or letters,
such as code numbers, lot numbers, company names, logos, or product names, etc.,
may appear on the side (skirt) surface of the ferrule on vials containing injectable
products but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.
Official December 1, 2013
USP34

Packaging and Storage
The volume of injection in single-dose containers provides the amount specified for parenteral
administration at one time and in no case is more than sufficient to permit the withdrawal and
administration of 1 L.
Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
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only in single-dose containers.
Unless otherwise specified in the individual monograph, a multiple-dose container contains a
volume of Injection sufficient to permit the withdrawal of not more than 30 mL.
The following injections are exempt from the 1-L restriction of the foregoing requirements
relating to packaging:
1. Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions
2. Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration
Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless excepted
above, must conform to the 1-L restriction.
Injections labeled for veterinary use are exempt from packaging and storage requirements
concerning the limitation to single-dose containers and the limitation on the volume of multipledose containers.
Change to read:
FOREIGN AND PARTICULATE MATTER
All articles intended for parenteral administration shall be prepared in a manner designed to
exclude particulate matter as defined in Particulate Matter in Injections 788 and other
foreign matter. Each final container of all parenteral preparations shall be inspected to the
extent possible for the presence of observable foreign and particulate matter (hereafter termed
“visible particulates”) in its contents. The inspection process shall be designed and qualified to
ensure that every lot of all parenteral preparations is essentially free from visible particulates.
Qualification of the inspection process shall be performed with reference to particulates in the
visible range of a type that might emanate from the manufacturing or filling process. Every
container whose contents show evidence of visible particulates shall be rejected. The
inspection for visible particulates may take place when inspecting for other critical defects,
such as cracked or defective containers or seals, or when characterizing the appearance of a
lyophilized product.
Where the nature of the contents or the container–closure system permits only limited
capability for the inspection of the total contents, the 100% inspection of a lot shall be
supplemented with the inspection of constituted (e.g., dried) or withdrawn (e.g., dark amber
container) contents of a sample of containers from the lot.
All large-volume Injections for single-dose infusion and small-volume Injections are subject to
the light obscuration or microscopic procedures and limits for subvisible particulate matter set
forth in Particulate Matter In Injections 788 , unless otherwise specified in the individual
monograph. An article packaged as both a large-volume and a small-volume Injection meets the
requirements set forth for small-volume Injections where the container is labeled as containing
100 mL or less, if the individual monograph states a test for Particulate Matter in Injections
788 ; it meets the requirements set forth for large-volume Injections for single-dose infusion
where the container is labeled as containing more than 100 mL.
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Solutions for injection administered by the intramuscular or subcutaneous route must meet the
requirements of Particulate Matter in Injections

788 .

(The above paragraph is official August 1, 2011)
Parenterals packaged and labeled exclusively for use as irrigating solutions are exempt from the
requirements of Particulate Matter in Injections

788 . Radiopharmaceutical preparations are

exempt from the requirements of Particulate Matter in Injections 788 . Parenteral products
for which the labeling specifies the use of a final filter prior to administration are exempt from
the requirements of Particulate Matter in Injections
available to justify this exemption.

788 , provided that scientific data are

USP36

STERILITY
Sterility Tests—Preparations for injection meet the requirements in Sterility Tests

71 .

CONSTITUTED SOLUTIONS
Dry solids from which constituted solutions are prepared for injection bear titles of the form
[DRUG] for Injection. Because these dosage forms are constituted at the time of use by the
healthcare practitioner, tests and standards pertaining to the solution as constituted for
administration are not included in the individual monographs on sterile dry solids or liquid
concentrates. However, in the interest of assuring the quality of injection preparations as they
are actually administered, the following nondestructive tests are provided for demonstrating the
suitability of constituted solutions when they are prepared just prior to use.
Completeness and Clarity of Solution—Constitute the solution as directed in the labeling
supplied by the manufacturer for the sterile dry dosage form.
A: The solid dissolves completely, leaving no visible residue as undissolved matter.
B: The constituted solution is not significantly less clear than an equal volume of the diluent or
of Purified Water contained in a similar vessel and examined similarly.
Particulate Matter—Constitute the solution as directed in the labeling supplied by the
manufacturer for the sterile dry dosage form: the solution is essentially free from particles of
foreign matter that can be observed on visual inspection.
1 This nomenclature has been adopted by the USP Drug Nomenclature C ommittee for implementation by
supplemental revisions of USP 34–NF 29. For currently official monograph titles in the form Sterile [DRUG] that
have not yet been revised, the following nomenclature continues in use in this Pharmacopeia: (1) medicaments
or solutions or emulsions thereof suitable for injection, bearing titles of the form [DRUG] Injection; (2) dry
solids or liquid concentrates containing no buffers, diluents, or other added substances, and which, upon the
addition of suitable solvents, yield solutions conforming in all respects to the requirements for Injections, and
which are distinguished by titles of the form Sterile [DRUG]; (3) preparations the same as those described
under (2) except that they contain one or more buffers, diluents, or other added substances, and which are
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distinguished by titles of the form [DRUG] for Injection; (4) solids which are suspended in a suitable fluid
medium and which are not to be injected intravenously or into the spinal canal, distinguished by titles of the
form Sterile [DRUG] Suspension; and (5) dry solids which, upon the addition of suitable vehicles, yield
preparations conforming in all respects to the requirements for Sterile Suspensions, and which are
distinguished by titles of the form Sterile [DRUG] for Suspension.

BRIEFING
681 Repackaging into Single-Unit Containers and Unit-Dose Containers for
Nonsterile Solid and Liquid Dosage Forms, USP 34 page 268. The specifications for
repackaging into single-unit containers and unit-dose containers for nonsterile solid and liquid
dosage forms are specifically covered in

681 . General chapter

1136

Packaging—Unit of

Use , appearing elsewhere in this issue of PF, includes the information currently in
Therefore, it is proposed to omit

681

681 .

from USP–NF.

(GCPA: D. Hunt.)
Correspondence Number—C105262

Comment deadline: January 31, 2012
Delete the following:
681

REPACKAGING INTO SINGLE-UNIT CONTAINERS AND UNIT-DOSE CONTAINERS
FOR NONSTERILE SOLID AND LIQUID DOSAGE FORMS

This chapter is intended to provide guidance to those engaged in pharmaceutical dispensing,
not commercial repackaging. An official dosage form is required to bear on its label an expiration
date assigned for the particular formulation and package of the article. This date limits the time
during which the product may be dispensed or used. Because the expiration date stated on the
original manufacturer's container–closure system has been determined for the drug in that
particular system and is not intended to be applicable to the product where it has been
repackaged in a different container, repackaged drugs dispensed pursuant to a prescription are
exempt from using the expiration date from the original manufacturer's package. However,
under no circumstance should the repackaged pharmaceutical preparation's expiration date
exceed the original manufacturer's expiration date. It is necessary, therefore, that other
precautions be taken by the dispenser to preserve the strength, quality, and purity of drugs
that are repackaged for ultimate distribution or sale to patients.
The following guidelines and requirements are applicable where official dosage forms are
repackaged into single-unit or unit-dose containers or mnemonic packs for dispensing pursuant
to prescription.
Labeling—It is the responsibility of the dispenser, taking into account the nature of the drug
repackaged, any packaging and expiration dating information in the manufacturer's product
labeling, the characteristics of the containers, and the storage conditions to which the article
may be subjected, to place a suitable expiration date on the label. Repackaged dosage forms
must bear on their labels expiration dates as determined from information in the product labeling
(see Preservation, Packaging, Storage, and Labeling section of the General Notices and
Requirements). Each single-unit or unit-dose container bears a separate label, unless the
device holding the unit-dose form does not allow for the removal or separation of the intact
single-unit or unit-dose container therefrom.
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Storage—Store the repackaged article in a humidity-controlled environment and at the
temperature specified in the individual monograph or in the product labeling. Where no
temperature or humidity is specified in the monograph or in the labeling of the product,
controlled room temperature and a relative humidity corresponding to 60% are not to be
exceeded during repackaging or storage.
A refrigerator or freezer shall not be considered to be a humidity-controlled environment. Drugs
that are to be stored at a cold temperature in a refrigerator or freezer must be protected
during storage in the refrigerator or freezer. An outer container may be necessary for such
protection; it is recommended that the drug monograph be referenced for storage.
Reprocessing—Reprocessing of repackaged unit-dose containers (i.e., removing dosage unit
from one unit-dose container and placing dosage unit into another unit-dose container) shall
not be done. However, reprocessing of the secondary package (e.g., removing the blister card
from the cardboard carrier and placing the blister card into another cardboard carrier) is allowed
provided that the original expiration date is maintained.
CUSTOMIZED PATIENT MEDICATION PACKAGES
In lieu of dispensing two or more prescribed drug products in separate containers, a pharmacist
may, with the consent of the patient, the patient's caregiver, or a prescriber, provide a
customized patient medication package (patient med pak).1
A patient med pak is a package prepared by a pharmacist for a specific patient comprising a
series of containers and containing two or more prescribed solid oral dosage forms. The patient
med pak is so designed or each container is so labeled as to indicate the day and time, or
period of time, that the contents within each container are to be taken.
It is the responsibility of the dispenser to instruct the patient or caregiver on the use of the
patient med pak.
Label—The patient med pak shall bear a label stating:
1. the name of the patient;
2. a serial number for the patient med pak itself and a separate identifying serial number
for each of the prescription orders for each of the drug products contained therein;
3. the name, strength, physical description or identification, and total quantity of each
drug product contained therein;
4. the directions for use and cautionary statements, if any, contained in the prescription
order for each drug product therein;
5. any storage instructions or cautionary statements required by the official compendia;
6. the name of the prescriber of each drug product;
7. the date of preparation of the patient med pak and the beyond-use date or period of
time assigned to the patient med pak (such beyond-use date or period of time shall be
not longer than the shortest recommended beyond-use date for any dosage form
included therein or not longer than 60 days from the date of preparation of the patient
med pak and shall not exceed the shortest expiration date on the original
manufacturer's bulk containers for the dosage forms included therein); alternatively, the
package label shall state the date of the prescription(s) or the date of preparation of
the patient med pak, provided the package is accompanied by a record indicating the
start date and the beyond-use date;
8. the name, address, and telephone number of the dispenser (and the dispenser's
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registration number where necessary); and
9. any other information, statements, or warnings required for any of the drug products
contained therein.
If the patient med pak allows for the removal or separation of the intact containers therefrom,
each individual container shall bear a label identifying each of the drug products contained
therein.
Labeling—The patient med pak shall be accompanied by a patient package insert, in the event
that any medication therein is required to be dispensed with such insert as accompanying
labeling. Alternatively, such required information may be incorporated into a single, overall
educational insert provided by the pharmacist for the total patient med pak.
Packaging—In the absence of more stringent packaging requirements for any of the drug
products contained therein, each container of the patient med pak shall comply with the
moisture permeation requirements for a Class B single-unit or unit-dose container (see
Containers—Performance Testing 671 ). Each container shall be either not reclosable or so
designed as to show evidence of having been opened.
Guidelines—It is the responsibility of the dispenser, when preparing a patient med pak, to take
into account any applicable compendial requirements or guidelines and the physical and
chemical compatibility of the dosage forms placed within each container, as well as any
therapeutic incompatibilities that may attend the simultaneous administration of the
medications. In this regard, pharmacists are encouraged to report to USP headquarters any
observed or reported incompatibilities. Once a medication has been placed in a patient med pak
with another solid dosage form, it may not be returned to stock, redistributed, or resold if
unused.
Recordkeeping—In addition to any individual prescription filing requirements, a record of each
patient med pak shall be made and filed. Each record shall contain, as a minimum:
1. the name and address of the patient;
2. the serial number of the prescription order for each drug product contained therein;
3. the name of the manufacturer or labeler and lot number for each drug product
contained therein;
4. information identifying or describing the design, characteristics, or specifications of the
patient med pak sufficient to allow subsequent preparation of an identical patient med
pak for the patient;
5. the date of preparation of the patient med pak and the beyond-use date that was
assigned;
6. any special labeling instructions; and
7. the name or initials of the pharmacist who prepared the patient med pak.
USP36

1 It should be noted that there is no special exemption for patient med paks from the requirements of the
Poison Prevention Packaging Act. Thus the patient med pak, if it does not meet child-resistant standards, shall
be placed in an outer package that does comply, or the necessary consent of the purchaser or physician, to
dispense in a container not intended to be child-resistant, shall be obtained.

BRIEFING
761 Nuclear Magnetic Resonance, USP 34 page 331. As part of USP's effort to
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modernize and improve monographs and general chapters, the USP advisory panel on NMR
proposes to make the following revisions.
1.

Delete the contents of the existing chapter, cancel the proposal from PF 36(2)
[Mar.–Apr. 2010], and replace the contents with entirely new text to include the
modern instruments and practices.
2.
Revise the PF 36(2) proposed general information chapter Applications of Nuclear
Magnetic Resonance Spectroscopy
The proposed

761

1761 .

mainly covers instrument qualification, procedure, and method

validation. Chapter 1761 discusses theory, instrumentation, and practices. This chapter also
provides some guidance on sample preparation.
(GCCA: K. Zaidi.)
Correspondence Number—C93825

Comment deadline: January 31, 2012
Change to read:
761 NUCLEAR MAGNETIC RESONANCE
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY

USP36

Change to read:
Nuclear magnetic resonance (NMR) spectroscopy is an analytical procedure based on the
magnetic properties of certain atomic nuclei. It is similar to other types of spectroscopy in that
absorption or emission of electromagnetic energy at characteristic frequencies provides
analytical information. NMR differs in that the discrete energy levels between which the
transitions take place are created artificially by placing the nuclei in a magnetic field.
Atomic nuclei are charged and behave as if they were spinning on the nuclear axis, thus
creating a magnetic dipole of moment µ along this axis. The angular momentum of the spinning
nucleus is characterized by a spin quantum number (I). If the mass number is odd, I is ½ or an
integer plus ½; otherwise, it has a value of 0 or a whole number.
Nuclei having a spin quantum number, I 0, when placed in an external uniform static
magnetic field of strength, H0 , align with respect to the field in (2I + 1) possible orientations.
Thus, for nuclei with I = ½, which include most isotopes of analytical significance (Table 1),
there are two possible orientations, corresponding to two different energy states. A nuclear
resonance is the transition between these states, by absorption or emission of the
corresponding amount of energy. In a static magnetic field the nuclear magnetic axis precesses
(Larmor precession) about the external field axis. The precessional angular velocity,
related to the external magnetic field strength through the equation:

in which

0,

is

is the magnetogyric ratio and is a constant for all nuclei of a given isotope. If
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energy from an oscillating radio-frequency field is introduced, the absorption of radiation takes
place according to the relationship:

where h is Planck's constant, and

Thus, when the frequency ( 0 ) of the external energy field (E = h ) is the same as the
precessional angular velocity, resonance is achieved.
Table 1. Properties of Some Nuclei Amenable to NMR Study
Resonance Frequency (MHZ)
at
Nucleus
1H
13C
19F
31P
11B

Natural Abundance,
%
99.98
1.108
100
100
(3/2 ) 80.42
I
½
½
½
½

Sensitivity
1.00
0.0159
0.83
0.0663
0.17

1.4093
T*
60.000
15.087
56.446
24.289
19.250

2.3488
T
100.000
25.144
94.077
40.481
32.084

4.6975
T
200.000
50.288
188.154
80.961
64.167

* T = tesla: 1.4093 T = 14.093 kilogauss.
The energy difference between the two levels corresponds to electromagnetic radiation in the
radio-frequency range. It is a function of , which is a property of the nucleus, and H0 , the
external field strength. As shown in Table 1, the resonance frequency of a nucleus increases
with the increase of the magnetic field strength.
NMR is a technique of high specificity but relatively low sensitivity. The basic reason for the low
sensitivity is the comparatively small difference in energy between the excited and the ground
states (0.02 calories at 15 to 20 kilogauss field strength), which results in a population
difference between the two levels of only a few parts per million. Another important aspect of
the NMR phenomenon, with negative effects on the sensitivity, is the long lifetime of most
nuclei in the excited state, which affects the design of the NMR analytical test, especially in
pulsed repetitive experiments. Simultaneous acquisition of the entire spectrum instead of
frequency-swept spectra can give sensitivity enhancement.
Apparatus
The distinctive components of an NMR spectrometer are a magnet and a source of radio
frequency. The instruments are described by the approximate resonance frequency of the
analytical nucleus, e.g., 1H NMR. More recently, instruments are being referred to by their field
strengths. Some spectrometers are dedicated to the analysis of one type of nucleus; others
are designed to obtain spectra of different nuclei.
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There are two types of commercial NMR spectrometers: the classical continuous wave (CW)
instruments and the more modern pulse Fourier-transform (FT) instruments. The CW
spectrometers use a technique similar to that of classical optical spectrometers: a slow scan of
radio frequency (at fixed magnetic field) or of the magnetic field (at fixed radio frequency) over
a domain corresponding to the resonance of the nuclei being studied. The signal generated by
the absorption of energy is detected, amplified, and recorded.
Various instrument configurations are possible. The arrangement of a typical double-coil
spectrometer, as one might see in the lower resolution 60-MHz and 100-MHz CW instruments, is
illustrated in Figure 1.

Fig. 1. Block diagram of a typical NMR spectrometer.
The limitations of the CW spectrometers are low sensitivity and long analysis time. In pulsed
NMR spectrometers, a single pulse of radio frequency energy is used to simultaneously activate
all nuclei. The excited nuclei returning to the lower energy level generate a free induction
decay (FID) signal that contains in a time domain all the information obtained in a frequency
domain with a CW spectrometer. The time domain and the frequency domain responses form a
pair of FTs; the mathematical operation is performed by a computer after analog-to-digital
conversion. After a delay allowing for relaxation of the excited nuclei, the pulse experiment
(transient) may be repeated and the response coherently added in the computer memory, with
random noise being averaged out. (A similar signal-to-noise increase can be obtained by
combining CW spectrometers with computers that average transients.)
The block diagram of a typical high-resolution pulsed spectrometer is shown in Figure 2.

Fig. 2. Block diagram of a typical pulsed FT-NMR spectrometer.
It is a typical configuration of the high-resolution spectrometer that uses a superconducting
(cryogenic) solenoid as the source of the magnetic field. Introduction of the pulsed NMR
spectrometer has made the acquisition of spectra of many nuclei, other than protons, routine.
It has also allowed proton spectra to be obtained in much less time, and with smaller amounts
of specimen, as compared to CW techniques.
NMR spectrometers have strict stability and homogeneity requirements. Stability is often
achieved by a field-frequency locking system that “locks” the magnetic field to the resonance
frequency of a reference signal. The lock signal can be homonuclear or heteronuclear. In the
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latter case, the reference resonance is usually a deuterium signal from a deuterated solvent.
On older spectrometers, using deuterium as a locking nucleus permits noise decoupling of
protons to be carried out while studying nuclei like 13C. While internal homonuclear locks are
still used in CW proton spectrometers (where tetramethylsilane at about 0.5% provides a
convenient lock), they are hardly ever used in pulsed FT spectrometers.
No type of magnet is capable of producing a homogeneous field over the space occupied by the
specimen. Two techniques are usually employed to compensate for this lack of homogeneity:
specimen spinning and the use of additional (shim) coils. Because of design, particularly probe
design, the spinning in the case of the electromagnet or permanent magnet is perpendicular to
the basic field. In the superconducting magnet, the axis of rotation can only be parallel to the
basic magnetic field. The spin rate should be sufficient to produce averaging of the field, but
not fast enough to produce an extended vortex in the specimen tube. A vortex extended near
the region exposed to the radio-frequency coils decreases resolution. The shim coils are
adjusted by the operator until instrumental contributions to the observed line width are
minimized.
An electronic integrator is a feature of most NMR spectrometers. On a CW instrument (1H and
19F) the integrator, connected to the spectrometer output stage, determines the relative areas
of the resonance peaks and presents these areas as a series of stepped horizontal lines when a
sweep is made in the integration mode. On FT-NMR spectrometers, an integration algorithm is
included in the spectrometer software, and the resonance peak areas may be presented
graphically as stepped lines or tabulated as numeric values. The use of computer-generated
tabulated/numeric integration data should not be accepted without a specific demonstration of
precision and accuracy on the spectrometer in question.
The Spectrum
The signals (peaks) in an NMR spectrum are characterized by four attributes: resonance
frequency, multiplicity, line width, and relative intensity. The analytical usefulness of the NMR
technique resides in the fact that the same types of nuclei, when located in different molecular
environments, exhibit different resonance frequencies. The reason for this difference is that the
effective field experienced by a particular nucleus is a composite of the external field provided
by the instrument and the field generated by the circulation of the surrounding electrons. (The
latter is generally opposed to the external field and the phenomenon is called “shielding.”) In
contrast with other spectroscopic methods, it is not possible to measure accurately the
absolute values of transition frequencies. However, it is possible to measure accurately the
difference in frequencies between two resonance signals. The position of a signal in an NMR
spectrum is described by its separation from another resonance signal arbitrarily taken as
standard. This separation is called chemical shift.
The chemical shift, being the difference between two resonance frequencies, is directly
proportional to the magnetic field strength (or to the frequency of the oscillator). However, the
ratio between the chemical shift, in frequency units, and the instrument frequency is constant.
This allows definition of a dimensionless chemical shift parameter ( ) that is independent of the
instrument frequency:
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r

is the reference line frequency,

o

is the

instrument frequency, in mHz, and r is the chemical shift of the reference.
By employing the above equation, it is possible to use (with appropriate caution) the chemical
shift of any known species (such as the residual 1H-containing species in deuterated solvent)
as a chemical shift reference. The above equation, now in common use, is applicable to nearly
all methods except in the relatively rare cases where extremely precise chemical shift values
must be determined, and is readily adaptable to nuclei where non-zero reference standards are
the only practical method of chemical shift determinations.
For CW instruments, tetramethylsilane (TMS) is the most widely used chemical shift reference
for proton and carbon spectra. It is chemically inert, exhibits only one line, which is at a higher
field than most signals, and is volatile, thus allowing for ready specimen recovery. Sodium 3(trimethylsilyl)propionate (TSP) or sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) are
used as NMR references for aqueous solutions. The resonance frequency of the TSP or DSS
methyl groups closely approximate that of the TMS signal; however, DSS has the disadvantage
of showing a number of methylene multiplets that may interfere with signals from the test
substance. Where the use of an internal NMR reference material is not desirable, an external
reference may be used.
Conventional NMR spectra are shown with the magnetic field strength increasing from left to
right. Nuclei that resonate at high magnetic field strengths (to the right) are said to be more
shielded (greater electron density) than those that resonate at lower magnetic field strengths:
these are said to be de-shielded (lower electron density).
Figure 3 shows the proton NMR spectrum of 2,3-dimethyl-2-butenyl methyl ether. This
compound contains protons in a methylene group (marked d in the graphic formula) and in four
methyl groups (a, a, b, and c). Methyl groups b and c are situated in distinctly different
molecular environments than the two a methyl groups. Three different methyl proton
resonances are observed as spectral peaks in addition to the peak corresponding to methylene
proton resonance. The two a methyl groups, being in very similar environments, have the same
chemical shift. Interaction between magnetically active nuclei situated within a few bond
lengths of each other leads to coupling, which results in a mutual splitting of the respective
signals into sets of peaks or multiplets.

Fig. 3. NMR spectrum of 2,3-dimethyl-2-butenyl methyl ether (15% in CCl4 ) showing four
nonequivalent, apparently uncoupled protons with a normal integral trace (peak area ratio from
low H0 to high H0 of 2:3:3:6). (Tetramethylsilane, the NMR Reference, appears at 0 ppm.) The
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is defined under The Spectrum, in this chapter.

The coupling between two nuclei may be described in terms of the spin-spin coupling constant,
J, which is the separation (in hertz) between the individual peaks of the multiplet. Where two
nuclei interact and cause reciprocal splitting, the measured coupling constants in the two
resulting mutiplets are equal. Furthermore, J is independent of magnetic field strength.
In a first-order, comparatively noncomplex spin system, the number of individual peaks that are
expected to be present in a multiplet and the relative peak intensities are predictable. The
number of peaks is determined by 2 nI + 1, where n is the number of nuclei on adjacent groups
that are active in splitting. For protons this becomes (n + 1) peaks. In general, the relative
intensity of each peak in the multiplet follows the coefficient of the binomial expansion (a +
b)n. These coefficients may conveniently be found by use of Pascal's triangle, which produces
the following relative areas for the specified multiplets: doublet, 1:1; triplet, 1:2:1; quartet,
1:3:3:1; quintet, 1:4:6:4:1; sextet, 1:5:10:10:5:1; and septet, 1:6:15:20:15:6:1. This orderly
arrangement, generally referred to as first-order behavior, may be expected when the ratio of D
to J is greater than about 10; D is the chemical shift difference between two nuclei or two
groups of equivalent nuclei. Two examples of idealized spectra arising from first-order coupling
are shown in Figure 4.

Fig. 4. Diagrammatic representation of simple first-order coupling of adjacent protons.
Figure 5 shows a spectrum displaying triplet signals resulting from the mutual splitting of two
adjacent methylene groups.

Fig. 5. NMR spectrum of 3-keto-tetrahydrofuran (10% in CCl4 ) showing three nonequivalent
protons, with a normal integral trace (peak area ratio from low H0 to high H0 of 1:1:1). Note
two sets of methylene groups coupled to each other at 4.2 and 2.4 ppm. (Tetramethylsilane,
the NMR Reference, appears at 0 ppm.)
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Coupling may occur between 1H and other nuclei, such as 19F, 13C, and 31P. In some cases,
e.g., in the CW mode, the coupling constants may be large enough so that part of the multiplet
is off scale at either the upfield or downfield end. This type of coupling may occur over the
normal “three-bond distance,” as for 1H- 1H coupling.
Magnetically active nuclei with I 1, such as 14N, possess an electrical quadrupole moment,
which produces line-broadening of the signal due to neighboring nuclei.
Another characteristic of the signal, its relative intensity, has wide analytical applications. In
carefully designed experiments (see the section General Method), the area or intensity of a
signal is directly proportional to the number of protons giving rise to the signal. As a result, it is
possible to determine the relative ratio of the different kinds of protons or other nuclei in a
specimen or to perform NMR assays with the aid of an internal standard.
The NMR spectra may contain extraneous signals due to the inhomogeneity of the magnetic
field throughout the specimen. These artifacts, called spinning side bands, appear as minor lines
symmetrically located around each signal. The presence of large spinning side bands indicates
that the non-spinning shims require adjustment. The separation is equal to the frequency of
the specimen tube spin rate or some integral multiple of that frequency. Thus, spinning side
bands are readily identifiable.
General Method
Inadequate specimen preparation or incorrect instrumental adjustments and parameters may
lead to poor resolution, decreased sensitivity, spectral artifacts, and erroneous data. It is
preferable that the operator be familiar with the basic theory of NMR, the properties of the
specimen, and the operating principles of the instruments. Strict adherence to the instruction
manuals provided by the manufacturer and frequent checks of the performance of the
instrument are essential.
The method and procedures discussed here refer specifically to 1H (proton) and 19F NMR. They
are applicable, with modification, to other nuclei. The discussion presumes that the NMR
spectra are obtained from liquid test substances or solutions in suitable solvents.
Selection of Solvent—In addition to having good solubility properties, suitable solvents do not
exhibit resonance peaks that obscure resonance peaks of the specimen being analyzed. The
most commonly used solvents for proton and carbon NMR are listed in Table 2. Deuterated
solvents also provide the signal for the heteronuclear system lock. If solvent peaks might
interfere with any signals from the specimen, then the isotopic purity of the solvent should be
as high as possible. Deuterium (I = 1) does not exhibit resonance under 1H conditions but may
cause J-coupling to be observed. The residual protons generate solvent peaks whose chemical
shifts are shown in Table 2.
Table 2. Solvents Commonly Used for Proton NMR
Solvent
CCl4 b
CS2 b
SO2 (liquid)
(CF 3 )2 CO

Residual Proton Signal,
—
—
—
—

a
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CDCl3
CD3 OD
(CD3 )2 CO
D2 O
DMSO-d6 d
C6 D6
p-Dioxane-d8
CD3 CO2 D
DMF-d7 e
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7.27
3.35, 4.8c
2.05
4.7c
2.50
7.20
3.55
2.05, 8.5c
2.77, 2.93, 8.05

a
in ppm relative to tetramethylsilane arbitrarily taken as 0 or 0 ppm.
b Spectrophotometric grade.
c Highly variable; depends on solute and temperature.
d Dimethyl sulfoxide-d6 .
e N,N-Dimethylformamide-d7 per Aldrich, Alfa, Fluka, and Sigma catalogs.
Some solvents (e.g., D2 O or CD3 OD) enter into fast exchange reactions with protons and may
eliminate resonance signals from –COOH, –OH, and –NH2 structural groups. The protons in
alcohols and amines do not take part in rapid exchange unless catalyzed by small
concentrations of acid or base, except in the presence of D2 O and some other solvents (e.g.,
CD3 OD).
For 19F NMR, most solvents used in proton NMR may be employed, the most common ones
being CHCl3 , CCl4 , H2 O, CS2 , aqueous acids and bases, and dimethylacetamide. In general, any
nonfluorinated solvent may be used, provided that it is of spectral quality. Obviously, there is
no interference from the protonated functional groups of the solvent. However, unless they are
decoupled, protonated functional groups on the 19F-containing specimen will provide Jcoupling.
Specimen Preparation—Directions are usually given in individual monographs. The solute
concentration depends on the objective of the experiment and on the type of instrument.
Detection of minor contaminants may require higher concentrations. The solutions are prepared
in separate vials and transferred to the NMR specimen tube. The volume required depends on
the size of the specimen tube and on the geometry of the instrument. The level of the solution
in the tube must be high enough to extend beyond the coils when the tube is inserted in the
instrument probe and spun.
The NMR specimen tubes must meet narrow tolerance specifications in diameter, wall thickness,
concentricity, and camber. The most widely used tubes have a 5- or 10-mm outside diameter
and a length of between 15 and 20 cm. Microtubes are available for the analysis of small
amounts of specimen.
Procedure—The specimen tube is placed in a probe located in the magnetic field. The probe
contains electronic circuitry including the radio-frequency coil(s), and is provided with
attachments for the air supply that spins the specimen tubes.
Instrument adjustments are made before each experiment. The spinning rate of the specimen
tube is adjusted so that spinning side bands do not interfere with the peaks of interest and the
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vortex does not extend beyond the coils in the probe. To optimize the instrument performance,
the magnetic shim gradients on FT-NMR spectrometers are adjusted. In adjusting resolution on
CW spectrometers, a good indicator is the definite “ringing” of the TMS peak. The phenomenon
of ringing is the oscillation of the recorder trace after the magnetic field has passed through a
resonance frequency. Ringing, evident on a number of the peaks in Figures 5 and 6, arises
during rapid scans and decays exponentially to the baseline value.

Fig. 6. Continuous wave proton spectrum of ethyl ether.
Figure 7 clearly indicates the absence, in an FT experiment, of the ringing phenomenon. Ringing
will not appear because the spectrum obtained is the result of analysis of the FID by Fourier
transformation and not a magnetic field or frequency sweep through the individual resonance
positions.

Fig. 7. Proton NMR spectrum of ethyl ether in deuterated chloroform.
With proton CW instruments the spectrum is scanned from 0 ppm to about 10 ppm with a scan
time of about 1 to 5 minutes. The amplification is adjusted so that all peaks remain on scale. If
the response is low at reasonable amplitude, the radio-frequency power is increased to obtain
the highest possible peak response without peak broadening. After the initial scan, the
presence of peaks downfield of 10 ppm is quickly checked by off-setting the instrument
response by about 5 ppm. With CW instrumentation, it is common for the TMS peak to shift
slightly during an extended scan. The extent of the shift is usually obtained by comparing the
relative positions of another peak in the initial scan with the same peak in the offset scan.
The operation of an FT-NMR spectrometer is a much more elaborate experiment. The computer
serves to control the spectrometer, to program the experiment, and to store and process the
data. Programming the experiment involves setting values for a large number of variables
including the spectral width to be examined, the duration (“width”) of the excitation pulse, the
time interval over which data will be acquired, the number of transients to be accumulated, and
the delay between one acquisition and the next. The analysis time for one transient is in the
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order of seconds. The number of transients is a function of the specimen concentration, the
type of nucleus, and the objective of the experiment. At the end of the experiment, the FID
signal is stored in digitized form in the computer memory and is displayed on the video screen.
The signal can be processed mathematically to enhance either the resolution or the sensitivity,
and it can be Fourier-transformed into a frequency-domain spectrum. The instrument provides
a plot of the spectrum. The integration routine, accessed through keyboard commands, results
in a stepped-line plot. Considerably more accurate integrals are obtained if the signals or
regions of interest are separately integrated.
FT-NMR spectrometers may yield qualitative and quantitative data from the same experiment,
but this is seldom done in practice. In quantitative FT experiments, special precautions must be
taken for the signal areas to be proportional to the number of protons. The delays between
pulses must be long enough to allow complete relaxation of all excited nuclei. This results in a
considerable increase in analysis time and in some loss of resolution. Qualitative analysis is
usually performed in nonquantitative conditions, with the design of the experiment directed to
fast analysis with maximum resolution or sensitivity.
Qualitative and Quantitative Analysis
NMR spectroscopy has been used for a wide range of applications such as structure
elucidation; thermodynamic, kinetic, and mechanistic studies; and quantitative analysis. Some
of these applications are beyond the scope of compendial methods.
All five characteristics of the signal—chemical shift, multiplicity, line width, coupling constants,
and relative intensity—contribute analytical information.
Qualitative Applications—Comparison of a spectrum from the literature or from an authentic
specimen with that of a test specimen may be used to confirm the identity of a compound and
to detect the presence of impurities that generate extraneous signals. The NMR spectra of
simple structures can be adequately described by the numeric value of the chemical shifts and
coupling constants, and by the number of protons under each signal. (The software of modern
instruments includes programs that generate simulated spectra using these data.) Experimental
details, such as the solvent used, the specimen concentration, and the chemical shift
reference, must also be provided.
For unknown specimens, NMR analysis, usually coupled with other analytical techniques, is a
powerful tool for structure elucidation. Chemical shifts provide information on the chemical
environment of the nuclei. Extensive literature is available with correlation charts and rules for
predicting chemical shifts. The multiplicity of the signals provides important stereochemical
information. Mutual signal splitting of functional groups indicates close proximity. The magnitude
of the coupling constant, J, between residual protons on substituted aromatic, olefinic, or
cycloalkyl structures is used to identify the relative position of the substituents.
Several special techniques (double resonance, chemical exchange, use of shift reagents, twodimensional analysis, etc.) are available to simplify some of the more complex spectra, to
identify certain functional groups, and to determine coupling correlations.
Double resonance, or spin decoupling, is a technique that removes the coupling between nuclei
and thus simplifies the spectrum and identifies the components in a coupling relationship. For
example, in a simple two-proton system, generally designated an AX system (see Figure 4),
each proton appears as a doublet. If a strong radio-frequency field is introduced at the
frequency of X, while the normal radio-frequency field is maintained at the frequency that
causes A to resonate, the coupling between A and X is removed (homonuclear decoupling). A is
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no longer split, but instead appears as a singlet. Routine 13C spectra are obtained under proton
decoupling conditions that remove all heteronuclear 13C- 1H couplings. As a result of this
decoupling, the carbon signals appear as singlets, unless other nuclei that are not decoupled
are present (e.g., 19F, 31P).
Functional groups containing exchangeable protons bound to hetero-atoms such as –OH, –NH2 ,
or –COOH groups may be identified by taking advantage of the rapid exchange of these protons
with D2 O. To determine the presence and position of these groups, scan the test substance in
CDCl3 or DMSO-d6 , then add a few drops of D2 O to the specimen tube, shake, and scan again.
The resonance peaks from these groups collapse in the second scan and are replaced by the
HDO singlet between 4.7 and 5.0 ppm.
This chemical exchange is an example of the effect of intermolecular and intramolecular rate
processes on NMR spectra. If a proton can experience different environments by virtue of such
a process (tautomerism, rotation about a bond, exchange equilibria, ring inversion, etc.), the
appearance of the spectrum will be a function of the rate of the process. Slow processes (on
an NMR time scale) result in more than one signal, fast processes average these signals to one
line, and intermediate processes produce broad signals.
The software of modern FT-NMR spectrometers allows for sequences of pulses much more
complex than the repetitive accumulation of transients described above. Such experiments
include homonuclear or heteronuclear two-dimensional analysis, which determines the
correlation of couplings and may simplify the interpretation of otherwise complex spectra.
Quantitative Applications—If appropriate instrument settings for quantitative analysis have
been made, the areas (or intensities) of two signals are proportional to the total number of
protons generating the signals.

If the two signals originate from two functional groups of the same molecule, the equation can
be simplified to

in which n1 and n2 are the number of protons in the respective functional groups.
If the two signals originate from different molecular species,

where m1 and m2 are the numbers of moles; W1 and W2 are the masses; and M1 and M2 are
the molecular weights of compounds 1 and 2, respectively.
Examination of Equations 2 and 3 shows that NMR quantitative analysis can be performed in an
absolute or relative manner. In the absolute method, an internal standard is added to the
specimen and a resonance peak area arising from the test substance is compared with a
resonance peak area from the internal standard. If both test substance and internal standard
are accurately weighed, the absolute purity of the substance may be calculated. A good
internal standard has the following properties: it presents a reference resonance peak,
preferably a singlet, at a field position removed from all specimen peaks; it is soluble in the
analytical solvent; its proton equivalent weight, i.e., the molecular weight divided by the
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number of protons giving rise to the reference peak, is low; and it does not interact with the
compound being tested. Typical examples of useful standards are 1,2,4,5-tetrachlorobenzene,
1,4-dinitrobenzene, benzyl benzoate, and maleic acid. The choice of a standard will be dictated
by the spectrum of the specimen.
The relative method may be used to determine the molar fraction of an impurity in a test
substance (or of the components in a mixture) as calculated by Equation 3.
Quantitative analysis, as well as detection of trace impurities, is markedly improved with
modern instrumentation. Stronger magnetic fields and the ability to accumulate and/or average
signals over long periods of time greatly enhance the sensitivity of the method.
Absolute Method of Quantitation—Where the individual monograph directs that the Absolute
Method of Quantitation be employed, proceed as follows.
Solvent, Internal Standard, and NMR Reference—Use as directed in the individual monograph.
Test Preparation—Transfer an accurately weighed quantity of the test substance, containing
about 4.5 proton mEq, to a glass-stoppered, graduated centrifuge tube. Add about 4.5 proton
mEq of Internal Standard, accurately weighed, and 3.0 mL of Solvent, insert the stopper, and
shake. When dissolution is complete, add about 30 µL (30 mg if a solid) of NMR Reference,
provided that it does not interfere with subsequent measurements, and shake.
Procedure—Transfer an appropriate amount (0.4 to 0.8 mL) of Test Preparation to a standard
5-mm NMR spinning tube, and record the spectrum, adjusting the spin rate so that no spinning
side bands interfere with the peaks of interest. Measure the area under each of the peaks
specified in the individual monograph by integrating not fewer than five times. Record the
average area of the Internal Standard peak as AS and that of the Test Preparation peak as AU .
Calculate the quantity, in mg, of the analyte in the Test Preparation by the formula:

in which WS is the weight, in mg, of Internal Standard taken; and EU and ES are the proton
equivalent weights (i.e., the molecular weights divided by the number of protons giving rise to
the reference peak) of the analyte and the Internal Standard, respectively.
Relative Method of Quantitation—Where the individual monograph directs that the Relative
Method of Quantitation be employed, proceed as follows.
Solvent, NMR Reference, and Test Preparation—Use as directed under Absolute Method of
Quantitation.
Procedure—Transfer an appropriate amount (0.4 to 0.8 mL) of Test Preparation to a standard
5-mm NMR spinning tube, and record the spectrum, adjusting the spin rate so that no spinning
side bands interfere with the peaks of interest. Measure the area or intensity under each of the
peaks specified in the individual monograph by integrating not fewer than five times. Record the
average area or intensity resulting from the resonances of the groups designated in the
individual monograph as A1 and A2 .
Calculate the quantity, in mole percent, of the analyte in the Test Preparation by the formula:

in which n1 and n2 are, respectively, the numbers of protons in the designated groups.
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INTRODUCTION
Nuclear magnetic resonance (NMR) spectroscopy is an analytical method based on the
magnetic properties of certain atomic nuclei. As is the case with other types of spectroscopy,
absorption or emission of electromagnetic energy at characteristic frequencies provides
structural information. NMR differs from other types of spectroscopy because the discrete
energy levels between which the transitions take place are present only when the nuclei are
placed in a magnetic field.
Although widely recognized as one of the most powerful structure-elucidation tools available,
with proper experimental design, it can also be used for accurate qualitative and quantitative
measurements. See general information chapter Applications of Nuclear Magnetic Resonance
Spectroscopy 1761 . [Note—Above 1000 chapters are for informational purposes only and
are not a mandatory resource. ]
QUALIFICATION OF NMR INSTRUMENTS
Qualification of an NMR instrument can be divided into three elements: Installation Qualification
(IQ), Operational Qualification (OQ), and Performance Qualification (PQ). For further discussion,
see general information chapter Analytical Instrument Qualification

1058 .

Installation Qualification
The IQ requirements provide evidence that the hardware and software are installed to
accommodate safe and effective use of the instrument at the desired location.
Operational Qualification
In OQ, an instrument's performance is characterized using standards to verify that the system
operates within target specifications. The purpose of OQ is to demonstrate that instrument
performance is suitable for a given application. Because so many different approaches are
available for measuring NMR spectra, OQ using standards with known spectral properties is
recommended. Generally, sealed NMR tubes are available as reference standards for measuring
signal-to-noise (S/N) and lineshape. For a large number of different nuclei, NMR instruments
should be qualified against target specifications for the intended application, not simply the
specifications supplied by the manufacturer.
Performance Qualification
PQ helps to determine that the instrument is capable of meeting the user's requirements for all
critical-to-quality (CTQ) measures. PQ documentation should describe the following:
1. The definition of the specific performance criteria and detailed test procedures including
test samples and instrument parameters.
2. The elements that will be measured to evaluate the criteria and the predefined
specifications.
3. The test interval, which may be daily or time-of-use.
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4. The use of bracketing samples or groups of samples.
5. The defined corrective actions that will be implemented if the spectrometer does not
pass the specifications.
Periodic PQ should include a subset of the IQ tests to ensure that those aspects of the
instrument that are being supplied are performing at a level that produces data that are
suitable for its intended use. Depending on typical use, the specifications for PQ may be higher
or lower than the manufacturer's installation specifications. Typical CTQs include S/N ratio and
resolution tests for all nuclei of interest. Method-specific PQ tests, also known as system
suitability tests, may be used in lieu of PQ requirements for validated procedures.
The PQ samples and tests in the following subsections are typical examples only. Other tests
and samples may be used to establish specifications for specific purposes. Instrument vendors
often provide samples and test parameters that can be used as part of the IQ package.
RESOLUTION AND LINESHAPE MEASUREMENT— 1H NMR (SEE FIGURE 1)
Sample: 1% chloroform in acetone-d6 , 3% chloroform in acetone-d6 (< 400 MHz degassed and
sealed)
Spectral width: Approximately 500 Hz
Data acquisition time: 10 s
Tip angle: 90
Relaxation time: 60 s
Spinning rate: Static or 20 Hz
Pulse sequence: Delay-Pulse-Acquire with no decoupling
Processing: No line broadening, zero-filling to 128 k

Figure 1. 1H NMR spectrum of chloroform in acetone-d6 obtained at 400 MHz. The linewidth
measured at 0.55% and 0.11% of the 13C satellites was 2.7 and 5.5 Hz, respectively.
Shim the magnet with special attention to the off-axis shims, acquire a single acquisition,
phase to pure absorption, and measure the linewidth at 50%, 0.55%, and 0.11% maximum
intensity. The linewidth should pass specifications at these positions, and, in addition, the
lineshape should be Lorentzian. On modern NMR spectrometers, the lineshape is frequently
obtained on a non-spinning sample because the off-axis shims can be set so well that there is
essentially no difference between spectra obtained spinning and non-spinning. In addition, two-
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dimensional spectra should be obtained on a static sample.
S/N MEASUREMENTS—1H NMR (SEE FIGURE 2)
Sample: 0.1% ethylbenzene in chloroform-d, 1% ethylbenzene in chloroform-d (< 200 MHz
degassed and sealed)
Spectral width: 10 ppm
Data acquisition time: 400 ms
Tip angle: 90
Relaxation delay: 60 s
Spinning rate: Approximately 0 or 20 Hz
Pulse sequence: Delay-Pulse-Acquire with no decoupling
Processing: Exponential with 1-Hz line broadening
Referencing: Tetramethylsilane (TMS) = 0.0 ppm or the center of the quartet = 2.65 ppm

Figure 2. 1H NMR spectrum of 0.1% ethylbenzene obtained at 400 MHz with an S/N ratio of
550:1
The concentration of ethylbenzene should be chosen to achieve S/N ratio specifications in the
range of 20–1000. Concentrations that typically result in measurements outside that range are
of limited utility in assessing the performance of the instrument. The magnet should be shimmed
as well as possible. Ideally, this test should be run immediately after the lineshape test because
most of the shims will be nearly maximized. Acquire a single acquisition, phase the spectrum in
pure absorption mode, and measure the S/N of the ethylbenzene quartet. This experiment can
be run with or without sample spinning. With a spinning sample, the S/N value that is measured
should be only about 10% higher than that obtained with a spinning sample if the off-axis shims
are well adjusted. A higher ratio would indicate that the determination would benefit from
further shimming with the off-axis shims.
Most modern spectrometers have software that perform the S/N measurement after the
operator has identified the signal and noise regions. Manual calculations can also be made.
Measure the amplitude (A) from the center of the baseline to the peak of the highest of the
central two lines in the quartet. Measure the peak-to-peak noise height (H) from the lowest
noise peak to the highest noise peak in the 3–5 ppm region. The noise may be vertically
multiplied by a factor for accurate measurement of high S/N spectra. Calculate the S/N as
follows:

PF 37(6): Nov.-Dec. 2011

63

S/N = k × 2.5 × A/H

[1]

where k is the vertical expansion factor of the noise region used. The factor of 2.5 is an
approximation that converts the peak-to-peak S/N to root-mean-squared (rms) noise, which is
the standard convention for reporting S/N in NMR spectroscopy. Computerized S/N calculations
can be used provided the specifications are set and tested by the same procedure. At the
discretion of the spectroscopist, an S/N value lower than that specified by the manufacturer
may be used if it is judged to be sufficient for the current application.
S/N MEASUREMENTS 13C NMR (SEE FIGURE 3)
Sample: 40% p-dioxane in benzene-d6 (v/v) (degassed and sealed)
Spectral width: Approximately 200 ppm
Tip angle: 90
Relaxation delay: 300 s
Spinning rate: Approximately 20 Hz
Pulse sequence: Delay-Pulse-Acquire with no decoupling
Processing: Exponential with 3.5-Hz line broadening, zero-filling to 32k
Referencing: TMS = 0.0 ppm or the center of the benzene, triplet = 128.4 ppm

Figure 3. 13C NMR spectrum of the ASTM standard 40% p-dioxane in benzene-d6 (v/v) obtained
at 100.6 MHz, with an S/N ratio of 140:1
With a well-shimmed magnet, acquire a single acquisition following a minimum delay of 300 s,
phase the spectrum in pure absorption mode, and measure the height of the benzene triplet at
approximately 128.4 ppm from the center of the baseline. The peak-to-peak noise can be
measured as above with appropriate vertical expansion of 80–120 ppm. S/N calculations can be
made as in Equation 1 or by computer calculation.
The benzene-d6 triplet has no nuclear Overhauser enhancement (NOE) and no decoupling.
Consequently, this test verifies only the performance of the 13C channel.
PERFORMANCE OF BOTH OF THE 13C AND 1H CHANNELS (SEE FIGURE 4)
Sample: 1%–10% ethylbenzene in chloroform-d (degassed and sealed)
Spectral width: 200 ppm
Data acquisition length: 64k points
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Tip angle: 90
Relaxation delay: 300 s
Spinning rate: Approximately 20 Hz
Pulse sequence: Delay-Pulse-Acquire with composite pulse decoupling
Processing: Exponential with 0.3-Hz line-broadening
Referencing: TMS = 0.0 ppm or the center of the chloroform-d, triplet = 77.23 ppm

Figure 4. 13C NMR spectrum of 10% ethylbenzene obtained using a cryogenically cooled dual
1H/13C probe at 150.9 MHz, with an S/N ratio of 640:1
The shimming should be sufficient to pass the resolution and lineshape tests described above.
The measurement of S/N is done from the peak height of the larger resonance of the two near
128 ppm. The noise is measured as above in the region of 80–120 ppm, with appropriate
vertical expansion. S/N is calculated by the computer or as in Equation 1.
RELAXOMETRY MEASUREMENTS—LOW FIELD-NMR (LF-NMR)
The PQ should be performed before the collection of experimental data.
Dissolve an accurately weighed quantity of manganese (II) chloride tetrahydrate (MW 197.91)
in water, and quantitatively dilute with water to obtain check solutions that have known
concentrations of 0.9, 2.7, and 4.5 mM.
Place a portion of each of the solutions into sample holders suitable for the configuration of the
specific model of the LF-NMR spectrometer. Warm to 40 for not less than 10 min, and measure
the spin-lattice relaxation time (T 1 ). The average T 1 for replicate measurements must be within
5% of 156, 52, and 32 for the 0.9, 2.7, and 4.5 mM solutions, respectively.
Characterizing Instrument Performance
Specific procedures, acceptance criteria, and time intervals for characterizing NMR
spectrometer performance depend on the instrument and its intended application. Many NMR
applications use previously validated experiments that relate NMR spectra to a physical or
chemical property of interest. Stable instrument performance over extended periods of time
should be demonstrated. This practice provides some assurance that reliable measurements can
be taken from sample spectra using previously validated NMR experiments.
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QUALITATIVE AND QUANTITATIVE NMR ANALYSIS
NMR spectroscopy has been used for a wide range of applications such as structure
elucidation; thermodynamic, kinetic, and mechanistic studies; and quantitative analysis. Some
of these applications are beyond the scope of compendial methods.
All five characteristics of the signal—chemical shift, multiplicity, linewidth, coupling constants,
and relative intensity—contribute analytical information.
Qualitative Applications
Comparison of a spectrum from the literature or from an authentic standard with that of a test
sample may be used to confirm the identity of a compound and to detect the presence of
impurities that generate extraneous signals. The NMR spectra of simple structures can be
adequately described by the value of the chemical shifts and coupling constants, and by the
relative number of protons represented by the integral of each signal. (The software of modern
instruments includes programs that generate simulated spectra using these data.) Experimental
details, such as the solvent used, the sample concentration, and the chemical shift reference,
must also be provided.
For unknown samples, NMR analysis, usually coupled with other analytical techniques, is a
powerful tool for structure elucidation. Chemical shifts provide information on the chemical
environment of the nuclei. Extensive literature is available with correlation charts and rules for
predicting chemical shifts. The multiplicity of the signals provides important structural
information. The magnitude of the scalar coupling constant, J, between residual protons on
substituted aromatic, olefinic, or cycloalkyl structures is used to identify the relative position of
the substituents. Routine 13C spectra are obtained under proton decoupling conditions that
remove all heteronuclear 13C- 1H couplings. As a result of this decoupling, the carbon signals
appear as singlets, unless other nuclei that are not decoupled are present (e.g., 19F, 31P).
Chemical exchange is an example of the effect of intermolecular and intramolecular rate
processes on NMR spectra. If a proton can experience different environments by virtue of such
a process (tautomerism, rotation about a bond, exchange equilibria, ring inversion, etc.), the
appearance of the spectrum will be a function of the rate of the process. Slow processes (on
an NMR time scale) result in more than one signal; fast processes average these signals to one
line; and intermediate processes produce broad signals.
The software of modern FT-NMR spectrometers allows for sequences of pulses much more
complex than the repetitive accumulation of transients described above. Such experiments
include homonuclear or heteronuclear two-dimensional analysis, which determines the
correlation of couplings and may simplify the interpretation of otherwise complex spectra.
See chapter

1761

for detailed descriptions of common two-dimensional experiments.
Quantitative Applications

I. General considerations of quantitative NMR: see 1761 .
II. The scope of this section is limited to quantitation by one-dimensional NMR. Although any
of the NMR active nuclei can be used to obtain quantitative data, the discussion here will be
limited to 1H. There are two kinds of quantitation by NMR: relative and absolute.
A. Relative quantitation involves measurement of relative amounts of species in a
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sample based on integration of peaks due to each of the components measured. The
integrals are normalized, that is, the integral is divided by the number of equivalent
nuclei represented by that peak to give the relative molar concentration of each
component.
B. Absolute quantitation is the direct measurement of the actual amount of analyte
independent of other components contained in that sample. There are two basic
methods for absolute quantitation based on the kind of reference standard that is
used to calibrate the NMR signal.
1. Internal reference standard
a. Definition: The reference standard is co-dissolved in the analyte test
solution.
b. Procedure
NMR solution preparation: An NMR solution is prepared with exact
weights of both the analyte and reference standard. The largest
source of error in this quantitative NMR method is from weighing, so
the use of larger weights is recommended to minimize this error. This
quantitative method is based on a comparison of the reference
standard and analyte NMR peaks and their respective concentrations.
Since the analyte and reference standard are in the same solution,
the analyte and reference standard are contained in the same
volume, and only their masses are compared. Therefore, the exact
volume is not required. Typically, at least three replicates are
prepared.
Data acquisition: Data is acquired under quantitative conditions,
see 1761 . For example, the relaxation delay should be at least 5
times the longest T 1 .
Data processing: Process the data, using zero-filling if necessary,
such that a sufficient number of points define a peak. For example,
experience has shown that at least 16 points gives a good
quantitative representation of a peak.
Analysis: Integrate appropriate peaks. For example, avoid using
peaks that are overlapped, or due to hydrogens capable of
exchanging. The determination of the amount of analyte derives
from the basic proportionality between the peak intensity and the
concentration of the solute.

where I = integral; N = normalization factor; and [ ]1H = 1H relative
molar concentration, and the subscripts A and RS represent the
analyte and reference standard, respectively.
The mass of the analyte is thus calculated according to the
following equation.
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where MA = mass of the analyte, MM = molar mass, and P = purity of
the reference standard.
c. A common application of absolute quantitation is the determination of
the purity of a sample. The weight % purity is given by

where MS is the total mass of the sample with contributions from the
analyte plus any contaminants that may be present in the sample such
as water and salts. Combining Equations 3 and 4, the weight % purity
is given by

2. External reference standard
a. Definition: The reference standard and the analyte are prepared as
separate solutions. One variation of an external reference standard is a
standard test solution contained in a coaxial tube and is inserted into
an analyte test solution contained in an NMR tube. Another variation is
the introduction of a computer-generated signal into the spectrum of a
reference standard solution of known concentration to calibrate the
signal's response (intensity per 1H molar concentration, in the case of
1H NMR), followed by insertion of that calibrated computer-generated
signal into the spectrum of an analyte test solution. This section will
address the use of an external reference in the classical sense, that is,
solutions of a reference standard and analyte are each in separate NMR
tubes.
b. Procedure
NMR solution preparation: NMR solutions of known concentrations
of each of the analyte and reference standard are prepared using
exact weights and volumes. Again, the use of larger weights is
recommended to minimize the weighing error. Typically replicates of
the analyte solutions and reference standard solutions are prepared.
The analyte and reference must be prepared in the same solvent to
minimize probe tuning differences.
Data acquisition and processing: Same as in II.B.1.b, internal
reference standard. Apply the same acquisition and processing
parameters to the analyte and reference standard spectra.
Analysis: Integrate appropriate peaks in the spectra of the analyte
and reference standard. The amount of analyte is calculated
according to the following equation:

where V = volume.
c. Application to weight % purity: Weight % purity values may be similarly
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C. The internal and external reference standard methods each have their own set of
advantages and disadvantages.
1. Chemical interactions: Preparation of the reference standard from the test
material in separate solutions avoids chemical interactions between the test
sample and reference standard that may otherwise occur with an internal
reference standard.
2. Spectral overlap: The use of an external reference standard also avoids
potential overlap between peaks of the reference standard and test sample
that can occur with an internal standard.
3. Calibration: Once an NMR response has been calibrated with external
reference standard solutions, this calibration may be applied to any other
sample in the same solvent given that i) the instrument has been
demonstrated to be stable over the time between when the calibration is done
and when data is acquired on the test material, and ii) system suitability has
been established on the day that the measurement on the test material is
made. In the case of internal reference standards, the measurement on the
reference standard and test sample is made under absolutely identical
conditions.
4. Accuracy and precision: Multiple external reference standard solutions may
be prepared to average the errors in the mass and volume measurements
during sample preparation, thereby improving the accuracy of the calibrated
NMR response. In the case of internal reference standards, single
measurements of the reference standard and analyte are made for each
replicate test solution. The combined errors from the mass measurements of
the reference standard and test sample determine the standard deviation of
the average MA or weight % purity values.
VALIDATION AND VERIFICATION OF NMR ANALYTICAL PROCEDURES
Validation is required only when an NMR method is an alternative to the official procedure for
testing an official article.
The objective of validation of a procedure relying on the NMR method is to demonstrate that
the measurement is suitable for its intended purpose, including: quantitative determination of
the main component in a drug substance or a drug product (Category I assays), quantitative
determination of impurities (Category II), and identification tests (Category IV). [Note——For a
definition of the different categories, see Validation of Compendial Procedures 1225 .
]Depending on the category of the test, analytical procedure validation requires the testing of
linearity, range, accuracy, specificity, precision, quantitation limit, and robustness. These
analytical performance characteristics apply to externally standardized methods and to the
method of standard additions.
Chapter 1225 provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The intention of the
following sections is to provide the user with specific validation criteria that represent the
minimum expectations for this technology. For each particular application, tighter criteria may
be needed to in order to demonstrate suitability for the intended use.

68
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Measurement Categories for NMR Analytical Procedure
The required validation performance characteristics of an NMR analytical procedure are listed in
Table 1. A procedure validation protocol must specify the required validation experiments and
validation criteria. These criteria are determined according to the intended purpose of the
analytical procedure.
Table 1. Analytical Measurement Requirementsa
Analytical
Performance
Characteristics
Specificity
Linearityb
Rangeb

Category II
Category I
Quantitative
Assured by use of a reference standard when possible and
demonstrable lack of interference from other components
0.995
r 0.990

r
80%–120% (70%–130% for content uniformity)
100 ± 2% (drug substances)
100 ± 5% (for compounded pharmaceutical finished
products)
NMT 1%

50%–120%

Accuracy
100 ± 30%
Precision
NMT 15%
Quantitation Limit
50% of
(QL)
specification
Robustness
Yes
Yes
a A shaded cell indicates that the performance characteristic is not required to be included in
the analytical procedure validation for that category.
b Linearity and Range: In some cases of relative quantitative NMR methods (in contrast to
absolute quantitative methods; see Quantitative Applications), it may not be possible to vary
relative amounts of components to be analyzed in a matrix. For those relative quantitative
NMR methods that are intended to measure a given ratio of components, Linearity and Range
verifications are not necessary. For those relative quantitative NMR methods that are intended
to test ratios of components over a range, then Linearity and Range must be established over
that range.
Analytical Procedure Validation
A. Introduction
The objective of an analytical procedure validation is to demonstrate that the analytical
procedure is suitable for its intended purpose by conducting experiments and obtaining
results that meet predefined acceptance criteria. NMR analytical procedures can
include: quantitative tests for major component and impurities content, limit tests for
the presence of impurities, quantification of component in a product or formulation,
and/or identification tests.
B. Validation parameters
Performance characteristics that demonstrate the suitability of an analytical procedure
are similar to those required for any analytical procedure. A discussion of the applicable
general principles is found in chapter 1225 . Specific acceptance criteria for each
validation parameter must be consistent with the intended use of the analytical
procedure.
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The performance characteristics that are required as part of a validation for each of the
analytical procedure categories is given in Table 1.
C. Specificity
The purpose of a specificity test is to demonstrate that measurements of the intended
analyte signals are free of interference from components and impurities in the test
material. Specificity tests can be conducted to compare NMR spectra of other
components and impurities that are known from synthetic processes and formulations
and test preparations.
For an identification NMR analytical procedure (Category I and II), validation
experiments may include two dimensional NMR experiments to validate correct
assignments of chemical shifts and to confirm the structure of the analyte.
D. Linearity
A linear relationship is exhibited between the analyte concentration and instrument
response; this should be demonstrated by measuring responses of analyte from no
fewer than 5 standard solutions at concentrations encompassing the anticipated
concentration range of analyte(s) of the test solution. For Category I, standard
solutions can be prepared from reference materials in an appropriate NMR solvent. For
Category II, NMR analytical procedures that are used to quantitate impurities, linearity
samples can be prepared by spiking suitable test samples that contain low amounts of
analyte or by spiking matrix samples at concentrations of the expected range. The
standard curve should then be constructed using appropriate statistical analytical
procedures such as a least squares regression. The correlation coefficient (R), yintercept, slope of the regression line and residual sum of squares should be determined.
Absolute values determined for these factors should be appropriate for the procedure
being validated.
E. Range
The range between the low and high concentrations of analyte is given by the
quantitative NMR analytical procedure. This is normally based on test article
specifications in the USP monograph. It is the range within which the analytical
procedure can demonstrate an acceptable degree of linearity, accuracy, and precision,
and may be obtained from an evaluation of that analytical procedure.
Recommended ranges for various NMR analytical procedures are given below.
For Category I—Assay of a drug substance (or a finished product): 80%–120% of the
test concentration.
For Category I—Content uniformity: a minimum of 70%–130% of the test
concentration.
For Category II—Determination of an impurity: 50%–120% of the acceptance criterion.
F. Accuracy
The accuracy of a quantitative NMR analytical procedure should be determined across
the required analytical range. Typically, three levels of concentrations are evaluated
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using triplicate preparations at each level.
Preparation of accuracy samples: For drug substance assays (Category I), accuracy
can be determined by analyzing a reference standard of known purity. For drug product
(Category I), a composite sample of reference standard and other components in a
pharmaceutical finished product should be used for analytical procedure validation. The
assay results are compared to the theoretical value of the reference standard to
estimate errors or percent recovery. For the quantitation of impurities (Category II), the
accuracy of the analytical procedure can be determined by conducting studies with
drug substances or products spiked with known concentrations of the analyte under
test.
It is also acceptable to compare assay results from the analytical procedure being
validated to those of an established, alternative analytical analytical procedure.
G. Precision
1. Repeatability
The analytical procedure should be assessed by measuring the concentrations of
3 replicates of separate standard solutions at 3 different concentrations that
encompass the analytical range. Alternatively, the concentrations of 6 separate
standard solutions at 100% of the test concentration can be measured. The
relative standard deviation from the replicate measurements should be evaluated
to meet acceptance criteria.
2. Intermediate precision
The effect of random events on the analytical precision of the analytical
procedure should be established. Typical variables include performing the
analysis on different days, using different instrumentation that are suitable as
specified in the analytical procedure, and/or having the analytical procedure
performed by two or more analysts.
H. Quantitation limit (QL)
The QL can be validated by measuring 6 replicates of test samples spiked with analyte
at 50% of specification.
From these replicates, accuracy and precision can be determined. Examples of
specifications for Category II quantitative determinations are that the measured
concentration is within 70%–130% of the spike concentration and the relative standard
deviation is no more than 15%.
I. Robustness
The reliability of an analytical measurement should be demonstrated with deliberate
changes to critical experimental parameters. This can include measuring the stability of
the analyte under specified storage conditions, slightly varied inter-pulse delay, probe
temperature, and possible interfering species, to list a few examples.
Analytical Procedure Verification
U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
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users of analytical procedures described in USP–NF do not need to validate these procedures if
provided in a monograph. Instead, they must simply verify their suitability under actual
conditions of use.
The objective of an NMR procedure verification is to demonstrate that the procedure as
prescribed in a specific monograph can be executed by the user with suitable accuracy,
specificity, and precision using the instruments, analysts, and sample matrices available.
According to general information chapter Verification of Compendial Procedures 1226 , if the
verification of the compendial procedure by following the monograph is not successful, the
procedure may not be suitable for use with the article under test. It may be necessary to
develop and validate an alternative procedure as allowed in General Notices 6.30.
Verification of a compendial NMR procedure should at minimum include the execution of the
validation parameters for specificity, accuracy, precision, and limit of quantitation, when
appropriate, as indicated in Validation and Verification of NMR Analytical Procedures.
GLOSSARY
Internal standard: An internal standard (IS) is a substance added to a sample solution at a
known concentration. One should select an IS with a single NMR resonance that does not
overlap with those of the analyte. The ratio of a specific internal standard peak area and that
of an analyte peak area is used to determine the concentration of the analyte. The number of
nuclei corresponding to the integrated peaks in the IS and analyte spectra must be known.
NMR reference: An NMR reference, also known as an NMR shift reference, is a substance
added to a sample and from which the chemical shift for the scale is established. Common
examples for proton and carbon NMR analyses are tetramethylsilane (TMS) for use in organic
solvents and the sodium salt of 2,2-dimethyl-2-silapentane-5-sulfonic acid for use in aqueous
media. In both cases, the chemical shift of the methyl peaks is defined as 0.0 ppm.
Reference standard: A reference standard is a substance authenticated by appropriate
experimental means to be of a specific chemical structure. In NMR spectroscopy, a reference
standard is typically used for the qualitative analysis of a test material. If one directly
compares the chemical shifts and multiplicities of the peaks in the NMR spectrum of the test
material against the spectrum of the reference standard, its structure can be confirmed.
USP36

BRIEFING
788 Particulate Matter in Injections, USP 34 page 326. On the basis of a recent
request by the FDA, USP proposes adding two additional sections as national text related to
sample preparation for dual compartment products and pharmacy bulk packages. These
sections were in

788

before the chapter was harmonized.

(GCDF: D. Hunt.)
Correspondence Number—C104118

Comment deadline: January 31, 2012
788

PARTICULATE MATTER IN INJECTIONS
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This general chapter is harmonized with the corresponding texts of the European
Pharmacopoeia and/or the Japanese Pharmacopoeia. These pharmacopeias have undertaken
not to make any unilateral change to this harmonized chapter. Portions of the present general
chapter text that are national USP text, and therefore not part of the harmonized text, are
marked with symbols (
) to specify this fact.
Particulate matter in injections and parenteral infusions consists of extraneous mobile
undissolved particles, other than gas bubbles, unintentionally present in the solutions.
As stated in Injections

1 , solutions for injection administered by the intramuscular or

subcutaneous route must meet the requirements of Particulate Matter in Injections
(Official August 1, 2011)

788 .

Parenterals packaged and labeled exclusively for use as irrigating solutions are exempt from the
requirements of Particulate Matter in Injections

788 . Radiopharmaceutical preparations are

exempt from the requirements of Particulate Matter in Injections 788 . Parenteral products
for which the labeling specifies use of a final filter prior to administration are exempt from the
requirements of Particulate Matter in Injections 788 , provided that scientific data are
available to justify this exemption.
For the determination of particulate matter, two procedures, Method 1 (Light Obscuration
Particle Count Test) and Method 2 (Microscopic Particle Count Test), are specified hereinafter.
When examining injections and parenteral infusions for subvisible particles, Method 1 is
preferably applied. However, it may be necessary to test some preparations by the Light
Obscuration Particle Count Test followed by the Microscopic Particle Count Test to reach a
conclusion on conformance to the requirements.
Not all parenteral preparations can be examined for subvisible particles by one or both of these
methods. When Method 1 is not applicable, e.g., in the case of preparations having reduced
clarity or increased viscosity, the test should be carried out according to Method 2. Emulsions,
colloids, and liposomal preparations are examples. Similarly, products that produce air or gas
bubbles when drawn into the sensor may also require microscopic particle count testing. If the
viscosity of the preparation to be tested is sufficiently high so as to preclude its examination
by either test method, a quantitative dilution with an appropriate diluent may be made to
decrease viscosity, as necessary, to allow the analysis to be performed.
The results obtained in examining a discrete unit or group of units for particulate matter cannot
be extrapolated with certainty to other units that remain untested. Thus, statistically sound
sampling plans must be developed if valid inferences are to be drawn from observed data to
characterize the level of particulate matter in a large group of units.
Change to read:
METHOD 1 LIGHT OBSCURATION PARTICLE COUNT TEST
Use a suitable apparatus based on the principle of light blockage that allows for an automatic
determination of the size of particles and the number of particles according to size. The
definition for particle-free water is provided in Reagent Specifications in Reagents, Indicators,
and Solutions.
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The apparatus is calibrated using dispersions of spherical particles of known sizes between 10
µm and 25 µm. These standard particles are dispersed in particle-free water. Care must be
taken to avoid aggregation of particles during dispersion.
using the USP Particle Count RS.

System suitability can be verified by

General Precautions
The test is carried out under conditions limiting particulate matter, preferably in a laminar flow
cabinet.
Very carefully wash the glassware and filtration equipment used, except for the membrane
filters, with a warm detergent solution, and rinse with abundant amounts of water to remove all
traces of detergent. Immediately before use, rinse the equipment from top to bottom, outside
and then inside, with particle-free water.
Take care not to introduce air bubbles into the preparation to be examined, especially when
fractions of the preparation are being transferred to the container in which the determination is
to be carried out.
In order to check that the environment is suitable for the test, that the glassware is properly
cleaned, and that the water to be used is particle-free, the following test is carried out:
determine the particulate matter in 5 samples of particle-free water, each of 5 mL, according
to the method described below. If the number of particles of 10 µm or greater size exceeds 25
for the combined 25 mL, the precautions taken for the test are not sufficient. The preparatory
steps must be repeated until the environment, glassware, and water are suitable for the test.
Method
Mix the contents of the sample by slowly inverting the container 20 times successively. If
necessary, cautiously remove the sealing closure. Clean the outer surfaces of the container
opening using a jet of particle-free water and remove the closure, avoiding any contamination
of the contents. Eliminate gas bubbles by appropriate measures such as allowing to stand for 2
minutes or sonicating.
For large-volume parenterals, single units are tested. For small-volume parenterals less than 25
mL in volume, the contents of 10 or more units are combined in a cleaned container to obtain a
volume of not less than 25 mL; the test solution may be prepared by mixing the contents of a
suitable number of vials and diluting to 25 mL with particle-free water or with an appropriate
particle-free solvent when particle-free water is not suitable. Small-volume parenterals having
a volume of 25 mL or more may be tested individually.
Powders for parenteral use are reconstituted with particle-free water or with an appropriate
particle-free solvent when particle-free water is not suitable.
For pharmacy bulk packages for parenteral use labeled “Not for Direct Infusion”, proceed as
directed for small-volume parenterals when the volume is 25 mL or more. Calculate the test
result on a portion that is equivalent to the maximum dose given in the labeling. For example, if
the total bulk package volume is 100 mL and the maximum dose volume is 10 mL, then the
average particle count per mL would be multiplied by 10 to obtain the test result based on the
10-mL maximum dose. [Note—For the calculation of test results, consider this maximum dose
portion to be equivalent to the contents of one full container. ]
Products packaged with dual compartments meant to hold a drug product and a solvent should
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be prepared and tested as directed for large-volume parenterals or small-volume parenterals,
depending on container volume. Mix each unit as directed in the labeling, activating and
agitating to ensure thorough mixing of the separate components and drug dissolution.

USP36

The number of test specimens must be adequate to provide a statistically sound assessment.
For large-volume parenterals or for small-volume parenterals having a volume of 25 mL or more,
fewer than 10 units may be tested, using an appropriate sampling plan.
Remove four portions, not less than 5 mL each, and count the number of particles equal to or
greater than 10 µm and 25 µm. Disregard the result obtained for the first portion, and calculate
the mean number of particles for the preparation to be examined.
Evaluation
For preparations supplied in containers with a nominal volume of more than 100 mL, apply the
criteria of Test 1.A.
For preparations supplied in containers with a nominal volume of less than 100 mL, apply the
criteria of Test 1.B.
For preparations supplied in containers with a nominal volume of 100 mL, apply the criteria of
Test 1.B. [Note—Test 1.A is used in the Japanese Pharmacopoeia. ]
If the average number of particles exceeds the limits, test the preparation by the Microscopic
Particle Count Test.
Test 1.A (Solutions for parenteral infusion or solutions for injection supplied in containers with
a nominal content of more than 100 mL)—The preparation complies with the test if the
average number of particles present in the units tested does not exceed 25 per mL equal to or
greater than 10 µm and does not exceed 3 per mL equal to or greater than 25 µm.
Test 1.B (Solutions for parenteral infusion or solutions for injection supplied in containers with
a nominal content of less than 100 mL)—The preparation complies with the test if the average
number of particles present in the units tested does not exceed 6000 per container equal to or
greater than 10 µm and does not exceed 600 per container equal to or greater than 25 µm.
METHOD 2 MICROSCOPIC PARTICLE COUNT TEST
Use a suitable binocular microscope, a filter assembly for retaining particulate matter, and a
membrane filter for examination.
The microscope is adjusted to 100 ± 10 magnifications and is equipped with an ocular
micrometer calibrated with an objective micrometer, a mechanical stage capable of holding and
traversing the entire filtration area of the membrane filter, and two suitable illuminators to
provide episcopic illumination in addition to oblique illumination.
The ocular micrometer is a circular diameter graticule (see Figure 1) and consists of a large
circle divided by crosshairs into quadrants, transparent and black reference circles 10 µm and
25 µm in diameter at 100 magnifications, and a linear scale graduated in 10-µm increments. It is
calibrated using a stage micrometer that is certified by either a domestic or international
standard institution. A relative error of the linear scale of the graticule within ±2% is
acceptable. The large circle is designated the graticule field of view (GFOV).
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Figure. 1. Circular diameter graticule. The large circle divided by crosshairs into quadrants is
designated the graticule field of view (GFOV). Transparent and black circles having 10-µm and
25-µm diameters at 100× are provided as comparison scales for particle sizing.
Two illuminators are required. One is an episcopic brightfield illuminator internal to the
microscope, the other is an external, focusable auxiliary illuminator that can be adjusted to give
reflected oblique illumination at an angle of 10 to 20 .
The filter assembly for retaining particulate matter consists of a filter holder made of glass or
other suitable material, and is equipped with a vacuum source and a suitable membrane filter.
The membrane filter is of suitable size, black or dark gray in color, nongridded or gridded, and
1.0 µm or finer in nominal pore size.
General Precautions
The test is carried out under conditions limiting particulate matter, preferably in a laminar flow
cabinet.
Very carefully wash the glassware and filter assembly used, except for the membrane filter,
with a warm detergent solution, and rinse with abundant amounts of water to remove all traces
of detergent. Immediately before use, rinse both sides of the membrane filter and the
equipment from top to bottom, outside and then inside, with particle-free water.
In order to check that the environment is suitable for the test, that the glassware and the
membrane filter are properly cleaned, and that the water to be used is particle-free, the
following test is carried out: determine the particulate matter of a 50-mL volume of particlefree water according to the method described below. If more than 20 particles 10 µm or larger
in size or if more than 5 particles 25 µm or larger in size are present within the filtration area,
the precautions taken for the test are not sufficient. The preparatory steps must be repeated
until the environment, glassware, membrane filter, and water are suitable for the test.
Method
Mix the contents of the samples by slowly inverting the container 20 times successively. If
necessary, cautiously remove the sealing closure. Clean the outer surfaces of the container
opening using a jet of particle-free water and remove the closure, avoiding any contamination
of the contents.
For large-volume parenterals, single units are tested. For small-volume parenterals less than 25
mL in volume, the contents of 10 or more units are combined in a cleaned container; the test
solution may be prepared by mixing the contents of a suitable number of vials and diluting to 25
mL with particle-free water or with an appropriate particle-free solvent when particle-free
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water is not suitable. Small-volume parenterals having a volume of 25 mL or more may be
tested individually.
Powders for parenteral use are constituted with particle-free water or with an appropriate
particle-free solvent when particle-free water is not suitable.
The number of test specimens must be adequate to provide a statistically sound assessment.
For large-volume parenterals or for small-volume parenterals having a volume of 25 mL or more,
fewer than 10 units may be tested, using an appropriate sampling plan.
Wet the inside of the filter holder fitted with the membrane filter with several mL of particlefree water. Transfer to the filtration funnel the total volume of a solution pool or of a single
unit, and apply a vacuum. If needed, add stepwise a portion of the solution until the entire
volume is filtered. After the last addition of solution, begin rinsing the inner walls of the filter
holder by using a jet of particle-free water. Maintain the vacuum until the surface of the
membrane filter is free from liquid. Place the membrane filter in a Petri dish, and allow the
membrane filter to air-dry with the cover slightly ajar. After the membrane filter has been dried,
place the Petri dish on the stage of the microscope, scan the entire membrane filter under the
reflected light from the illuminating device, and count the number of particles that are equal to
or greater than 10 µm and the number of particles that are equal to or greater than 25 µm.
Alternatively, partial membrane filter count and determination of the total filter count by
calculation is allowed. Calculate the mean number of particles for the preparation to be
examined.
The particle sizing process with the use of the circular diameter graticule is carried out by
estimating the equivalent diameter of the particle in comparison with the 10 µm and 25 µm
reference circles on the graticule. Thereby the particles are not moved from their initial
locations within the graticule field of view and are not superimposed on the reference circles for
comparison. The inner diameter of the transparent graticule reference circles is used to size
white and transparent particles, while dark particles are sized by using the outer diameter of
the black opaque graticule reference circles.
In performing the Microscopic Particle Count Test, do not attempt to size or enumerate
amorphous, semiliquid, or otherwise morphologically indistinct materials that have the
appearance of a stain or discoloration on the membrane filter. These materials show little or no
surface relief and present a gelatinous or film-like appearance. In such cases, the interpretation
of enumeration may be aided by testing a sample of the solution by the Light Obscuration
Particle Count Test.
Evaluation
For preparations supplied in containers with a nominal volume of more than 100 mL, apply the
criteria of Test 2.A.
For preparations supplied in containers with a nominal volume of less than 100 mL, apply the
criteria of Test 2.B.
For preparations supplied in containers with a nominal volume of 100 mL, apply the criteria of
Test 2.B. [Note—Test 2.A is used in the Japanese Pharmacopoeia. ]
Test 2.A (Solutions for parenteral infusion or solutions for injection supplied in containers with
a nominal content of more than 100 mL)—The preparation complies with the test if the
average number of particles present in the units tested does not exceed 12 per mL equal to or
greater than 10 µm and does not exceed 2 per mL equal to or greater than 25 µm.
Test 2.B (Solutions for parenteral infusion or solutions for injection supplied in containers with

PF 37(6): Nov.-Dec. 2011

78

a nominal content of less than 100 mL)—The preparation complies with the test if the average
number of particles present in the units tested does not exceed 3000 per container equal to or
greater than 10 µm and does not exceed 300 per container equal to or greater than 25 µm.
BRIEFING
1051 Cleaning Glass Apparatus, USP 34 page 520. On the basis of comments received,
it is proposed to simplify this chapter by eliminating inaccurate and/or out-of-date information,
and to include references to complementary sources of information related to cleanliness of the
glassware apparatus procedures. Focus is given to the intended use, suitability, and verification
of the cleaning process.
(GCPA: A. Hernandez–Cardoso.)
Correspondence Number—C97989

Comment deadline: January 31, 2012
Change to read:
1051

CLEANING GLASS APPARATUS

Success in conducting many Pharmacopeial assays and tests depends upon the utmost
cleanliness of the glassware apparatus used. For example, the accuracy of the assays of
heparin sodium and vitamin B12 activity, as well as the pyrogen and total organic carbon tests,
are particularly dependent upon scrupulously clean glassware.
One effective method used in the past for cleaning glassware is the application of hot nitric
acid. A second traditional method for removing organic matter that does not require heat is the
use of a chromic acid–sulfuric acid mixture. However, the chromic acid wash is not
recommended because of the hazardous and toxic nature of the material.
Several safer alternatives, including the use of cleansing agents, such as trisodium phosphate
and synthetic detergents, have proven highly useful, but require prolonged rinsing. It may be
useful to rinse with diluted nitric or sulfuric acid prior to rinsing with water. This operation will
facilitate removal of residual alkaline material.
For optical measurements, special care is required for cleaning containers, but the use of both
chromic acid and highly alkaline solutions should be avoided.
Effective removal of organic matter is very important for testing pharmaceutical waters in
accordance with the general test chapter Total Organic Carbon 643 . It has been
demonstrated that an alkaline detergent with potassium hydroxide as the primary ingredient *
leaves the least amount of organic matter residuals. Heating in a muffle furnace produces
comparable results and is the least labor-intensive procedure; however, it requires specialized
equipment.
In all cases, it is important to verify that the cleaning procedure is appropriate for the
particular test or assay being undertaken. This can be accomplished via blank runs, scientific
judgments, residuals data from cleansing agent and detergent manufacturers, or other controls.
Specifically, special care is required for cleaning containers for optical measurement
applications; the use of highly alkaline and the no longer recommended chromic acid solutions
should be avoided. Finally, a statement should be included in the cleaning protocol describing
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how the success of the cleaning procedure will be assessed.
Success in conducting many Pharmacopeial assays and tests depends upon the cleanliness of
the glassware apparatus used. Usage of commercial detergents or inorganic reagents for
cleaning should be used when necessary.
In all cases, it is important to verify that the cleaning procedure is appropriate for the
particular test or assay being undertaken. This can be accomplished in a number of ways,
including use of experimental controls or verification of cleaning by utilization of residue/residual
testing to ensure removal of any potential contaminants. A statement should be included in the
cleaning protocol describing how the success of the cleaning procedure will be assessed.
For optical measurements, special care is required for cleaning containers, but the use of
chromic acid or highly alkaline solutions should be avoided.
Some particular tests, though not inclusive, wherein the use of clean glassware is critical for
success include the following: pyrogen and total organic carbon tests as well as assays of
heparin sodium and vitamin B12 activity.
Selected references that might be helpful in obtaining additional information on cleaning glass
apparatus are listed in the Appendix. USP does not endorse these citations, and they do not
represent an exhaustive list. Further information about the cleanliness of the glassware
apparatus procedures mentioned in this chapter may also be found in most quantitative
chemical analytical textbooks. USP36
Add the following:
APPENDIX
Additional information and guidance can be found in the references listed below or in many
quantitative chemical analytical textbooks:
1. Parenteral Drug Association. Draft—Points to Consider for Cleaning Validation (Technical
Report Number 29). Bethesda, MD: Parenteral Drug Association; 1998.
2. Anderson NR. Container cleaning and sterilization. In: Olson WP, Groves MJ, eds. Aseptic
Pharmaceutical Manufacturing. 1st ed. Buffalo Grove, IL: Interpharm Press; 1987:15–
22.
3. Green C. Cleaning validation—application in the laboratory; Montalvo M. The cleaning
validation policy and the cleaning validation plan; Verghese G, Kaiser N. Cleaning agents
and cleaning chemistry; Verghese G, Lopolito P. Cleaning engineering and equipment
design. In: Pluta PL, ed. Cleaning and Cleaning Validation, Volume 1. Bethesda, MD:
Parenteral Drug Association; 2009.
4. Gordon AJ, Ford RA. Standard glassware cleaning solutions. In: Gordon AJ, Ford RA, eds.
The Chemist's Companion. Hoboken, NJ: Wiley and Sons; 1973.
USP36

* C IP 100; available from Steris C orporation, Mentor, Ohio, 44060-1824.

BRIEFING
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1136 Packaging and Repackaging—Single Unit Containers. In an effort to consolidate
chapters covering similar topics, USP is proposing to incorporate general chapter Repackaging
into Single-Unit Containers and Unit-Dose Containers for Nonsterile Solid and Liquid Dosage
Forms

681

and general information chapter Packaging Practice—Repackaging Single Solid

Oral Drug Product into a Unit-Dose Container 1146 into a newly revised version of Packaging
—Unit-of-Use. There have not been any substantive changes to the standards, and all other
proposed changes are editorial in nature.
(GCP: D. Hunt.)
Correspondence Number—C105261

Comment deadline: January 31, 2012
Change to read:
1136 PACKAGING—UNIT-OF-USE
PACKAGING AND REPACKAGING—SINGLE-UNIT CONTAINERS

USP36

Change to read:
INTRODUCTION
This chapter provides guidance in the use and application of unit-of-use packaging and is
intended for use by drug manufacturers, repackagers, and pharmacists. Suppliers of packages
and packaging components may find the information useful, as well.
The General Notices defines a unit-of-use container as one that contains a specific quantity of
a drug product that is intended to be dispensed as such without further modification except for
the addition of appropriate labeling.
Unit-of-use packaging, when provided by the manufacturer, offers some of the following
attractive advantages. (1) A dosage form can be dispensed to a patient in the manufacturer's
original container, a practice that recognizes that the suitability of the container has been
established on the basis of the manufacturer's stability studies. (2) The counting and
repackaging of dosage units in the pharmacy is eliminated, thereby reducing the possibility of
human error. (3) The pharmacist is able to affix the label for the patient onto the unit-of-use
package and is free to use the manufacturer's expiration date as the beyond-use date. (4) The
number of dosage units in a single unit-of-use package may be determined on a case-by-case
basis. (5) Patient compliance is improved. (6) The unit-of use package can protect against
counterfeiting because traceability of product is ensured through bar coding techniques and
NDC numbers.
Unit-of-use packaging, when provided by repackagers, offers the same attractive advantages
as those offered by the manufacturer. However, unit-of-use repackagers should conform to all
requirements as presented in Good Repackaging Practices 1178 . There are a number of
reasons why repackagers produce unit-of-use packaging: for example, (1) requests from
institutions, (2) better inventory control, (3) reduced dispensing times, and (4) variations in
some drug therapies.
The packaging of a unit-of-use system may be a multiple container or a single-unit container. A
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unit-of-use system may contain a drug product in a liquid, semisolid, or solid dosage form (see
also FDA Guidance for Industry on Container Closure Systems for Packaging Human Drugs and
Biologics). [Note——The terms “unit-of-use package” and “unit-of-use container” may be used
interchangeably. ]
The Poison Prevention Packaging Act (PPPA) of 1970 requires in certain cases the use of
special packaging—child-resistant and senior-friendly. Child-resistant packaging protects
children from serious injury or illness resulting from ingesting or handling hazardous products
including drugs.
Because drugs packaged in unit-of-use packaging are intended to be dispensed to the
consumer without repackaging by the pharmacist, the manufacturer or repackager is
responsible for the special packaging of PPPA-regulated substances in unit-of-use containers
(l6 CFR 1701.1).
TYPES OF CONTAINERS FOR UNIT-OF-USE
Unit-of-use containers are required to be child-resistant if they are intended to be dispensed
directly to the patient pursuant to a prescription. Unit-of-use packaging intended for
institutional or hospital use may or may not be required to be child-resistant. Unit-of-use
containers that are child-resistant single-unit containers include supported blisters, such as
separate, peel, push, and tear notch, and enclosed or in-card blisters, such as pull tabs and
slide packs. Blister packaging is discussed in the general chapter Packaging Practice—
Repackaging a Single Solid Oral Drug Product into a Unit-Dose Container 1146 . Unit-of-use
containers that are multiple-unit containers include glass and plastic containers.
Single-Unit Container
A single-unit container is one that is designed to hold a quantity of drug product intended for
administration as a single dose or a single finished device intended for use promptly after the
container is opened. Preferably, the immediate container and/or the outer container or
protective packaging shall be so designed as to show any evidence of tampering with the
contents. Each single-unit container shall be labeled to indicate the identity, quantity, and/or
strength, name of the manufacturer, lot number, and expiration date of the article.
Unit-Dose Container
A unit-dose container is a single-unit container for articles intended for administration by other
than the parenteral route as a single dose, directly from the container.
Single-Dose Container
A single-dose container is a single-unit container for articles intended for parenteral
administration only. It is labeled as such.
Multiple-Unit Container
A multiple-unit container is a container that permits withdrawal of successive portions of the
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contents without changing the strength, quality, or purity of the remaining portion.
PACKAGING FABRICATION MATERIALS
Packaging fabrication materials include substances used to manufacture packaging containers
such as glass, plastics (including high-density polyethylene (HDPE), low-density polyethylene
(LDPE), polyethylene terephthalate, polyethylene terephthalate G and polypropylene (PP), other
resins, and other materials as listed in the general test chapter Containers—Glass

660 ,

Containers—Plastics 661 , and in the FDA Guidance for Industry on Container Closure
Systems for Packaging Human Drugs and Biologics.
Glass
Any glass packaging material used in the immediate container should meet the glass test
requirements for Limits for Glass Types and Chemical Resistance—Glass Containers: Powdered
Glass Test, Water Attack at 121 , and Arsenic under general test chapter Containers—Glass
660 .
Plastic
Any plastic packaging material used in the immediate container should meet the plastic test
requirements for Plastics in the general test chapters Containers—Plastics

661

and

Containers—Performance Testing 671 . Depending on the type of plastic packaging material
used, the packaging material meets the requirements for Biological Tests—Plastics and Other
Polymers, Physicochemical Tests—Plastics, Polyethylene Containers, Polyethylene
Terephthalate Bottles and Polyethylene Terephthalate G Bottles, and Polypropylene Containers
under general test chapter Containers—Plastic 661 .
The test for moisture vapor transmission may be carried out as described in the general test
chapter Containers—Performance Testing

671

for multiple-unit and unit-dose containers.

PACKAGING CLOSURE TYPES
Reclosables and nonreclosables may be used for solid, semisolid, and liquid dosage forms. Both
must be packaged in compliance with the 16 CFR 1700.15 standards.
Reclosables
Reclosables are containers with suitable closures that may incorporate tamper evidence and
child-resistance capabilities. Reclosables may be used for glass or plastic containers.
Nonreclosables
Nonreclosables are containers with closures that are nonreclosable, such as blisters, sachets,
strips, and other single-unit containers. Nonreclosables may include packs such as cold-formed
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foil blisters, foil strip packs, and PVC/Aclar combining multilayer materials that are thermoformed or cold-formed foil blisters (see Packaging Practice—Repackaging a Single Solid Oral
Drug Product into a Unit-Dose Container 1146 ). Nonreclosables may be child resistant
depending on the intended use and place of use. Household nonreclosables are subject to the
PPPA as defined in 16 CFR 1700.14. However, because of some unit-dose designs, not all unitdose packages comply with the PPPA.
LABELING
The unit-of-use containers are labeled to include expiration dates, the manufacturer's lot
number, the NDC designation, and bar codes as provided in the Labeling section of the General
Notices and Requirements under Preservation, Packaging, Storage, and Labeling and in Good
Repackaging Practices 1178 . Some of the advantages of having bar codes on the label
include reduced medication errors, improved inventory control, and improved access to
medication identity. The labeling covers information placed in the container by the
manufacturer (see General Notices and Requirements). Acceptable labeling can range from the
full labeling as for multiple-unit containers to an abbreviated labeling when the container is too
small to include all the text. Full labeling may also be provided on the carton if it is not present
on the immediate container.
REPACKAGING AND REPROCESSING
Unit-of-use containers are reprocessed or repackaged as instructed by the manufacturer or as
directed in the general test chapters Containers—Glass

660

and Containers—Plastics

661

or in the general information chapter Packaging Practice—Repackaging a Single Solid Oral
Drug Product into a Unit-Dose Container 1146 . A unit-of-use package that is a blister
package may not be reprocessed by a pharmacist once it has been deblistered from a unit-dose
container (see General Notices and Requirements for application of the appropriate beyond-use
date for a multiple-unit or unit-dose container). Deblistering is the process of removing
medication from a blister-type container. However, under current Good Manufacturing Practices
(cGMPs) and tight quality controls, the manufacturer or contract repackager may repackage
and reprocess unit-of-use containers.
INFORMATION FROM MANUFACTURERS
The manufacturer should provide appropriate stability information that can be used to
determine appropriate labeling, storage, and shipping statements that will properly inform
patients and practitioners. The manufacturer may make other assurances based on product
information on packaging and distribution arrangements. In the event that a product is not to
be repackaged, the manufacturer may so state in the labeling. The manufacturer also includes
labeling and information suitable for optimal handling by the practitioner and the patient. The
labeling and information should be bar coded to eliminate medication error and promote
medication traceability.
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RESPONSIBILITY OF THE DISPENSER
Labeling
The labeling on a unit-of-use container also includes a label added at the dispensing stage by
the pharmacist. Prior to dispensing the unit-of-use package, the dispenser shall add label(s)
that provide the following information:
1. the name of the patient;
2. the name and strength, the directions for use as prescribed by a doctor or health-care
provider, and the name of the prescriber; and
3. any storage instruction, beyond-use date, and other information as deemed appropriate
by federal and state laws.
In the pharmacy setting, pharmacists are encouraged to use bar codes, in conjunction with
computerized prescription orders, to confirm that the right drug is being dispensed to the right
patient. Bar coding would minimize errors and create opportunity for medication traceability and
accountability.
Information to Patient
Patients must be given information that applies to the specific prescription being dispensed.
QUALITY CONTROL OF PACKAGING SYSTEM
The packaging system shall meet the general considerations for system suitability, protection,
safety, and performance characteristics as described in FDA Guidance for Industry on
Container Closure Systems for Packaging Human Drugs and Biologics, in the general test
chapters Containers—Glass
Testing

660 , Containers—Plastics

661 , and Containers—Performance

671 , and in the general information chapter Packaging Practice—Repackaging a

Single Solid Oral Drug Product into a Unit-Dose Container

1146 .

SCOPE
This chapter provides guidance for the packaging and repackaging of single-unit containers,
and for the use and application of unit-of-use packaging. Although the chapter is intended for
use by drug manufacturers, repackagers, and pharmacists, the information in the chapter may
also be useful for suppliers of packages and packaging components. For the definition of
specific types of packaging, see Packaging and Storage Requirements

659 .

SINGLE-UNIT CONTAINER
Single-unit containers that package a prescription drug to be dispensed directly to the patient
are required to be child-resistant. Single-unit packaging intended for institutional or hospital
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use may or may not be required to be child-resistant. Single-unit containers that are childresistant include supported blisters, such as separate, peel, push, and tear notch, and
enclosed or in-card blisters, such as pull tabs and slide packs.
PACKAGING MATERIALS
Materials used to manufacture single-unit packaging containers include glass and plastic. Glass
used as a primary packaging component should meet the requirements of Containers—Glass
660 . Plastic materials as a primary packaging component should meet the requirements of
Containers—Plastics

661 . The test for moisture permeability may be carried out as described

in general test chapter Containers—Performance Testing

671 .

PACKAGING CLOSURE TYPES
Reclosables and nonreclosables may be used for solid, semisolid, and liquid dosage forms. Both
must be packaged in compliance with the 16 CFR 1700.15 standards. The Poison Prevention
Packaging Act (PPPA) of 1970 requires in certain cases the use of special packaging—childresistant and senior-friendly. Child-resistant packaging protects children from serious injury or
illness resulting from ingesting or handling hazardous products including drugs.
Because drugs packaged in unit-of-use packaging are intended to be dispensed to the
consumer without repackaging by the pharmacist, the manufacturer or repackager is
responsible for the special packaging of PPPA-regulated substances in unit-of-use containers
(16 CFR 1701.1).
Reclosables
Reclosables are containers with suitable closures that may incorporate tamper evidence and
child-resistance capabilities. Reclosables may be used for glass or plastic containers.
Nonreclosables
Nonreclosables are containers with closures that are nonreclosable, such as blisters, sachets,
strips, and other single-unit containers. Nonreclosables may include packs such as cold-formed
foil blisters, foil strip packs, and PVC/Aclar® combining multilayer materials that are thermoformed or cold-formed foil blisters. Nonreclosables may be child resistant depending on the
intended use and place of use. Household nonreclosables are subject to the PPPA as defined in
16 CFR 1700.14. However, because of some unit-dose designs, not all unit-dose packages
comply with the PPPA.
UNIT-OF-USE
Unit-of-use packaging, when provided by the manufacturer, offers some of the following
attractive advantages. (1) A dosage form can be dispensed to a patient in the manufacturer’s
original container, a practice that recognizes that the suitability of the container has been
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established on the basis of the manufacturer's stability studies. (2) The counting and
repackaging of dosage units in the pharmacy is eliminated, thereby reducing the possibility of
human error. (3) The pharmacist is able to affix the label for the patient onto the unit-of-use
package and is free to use the manufacturer's expiration date as the beyond-use date. (4) The
number of dosage units in a single unit-of-use package may be determined on a case-by-case
basis. (5) Patient compliance is improved. (6) The unit-of use package can protect against
counterfeiting because traceability of product is ensured through bar coding techniques and
National Drug Code (NDC) numbers.
Unit-of-use packaging, when provided by repackagers, offers the same attractive advantages
as those offered by the manufacturer. However, unit-of-use repackagers should conform to all
requirements as presented in Good Repackaging Practices 1178 . There are a number of
reasons why repackagers produce unit-of-use packaging, for example, (1) requests from
institutions, (2) better inventory control, (3) reduced dispensing times, and (4) variations in
some drug therapies.
The packaging of a unit-of-use system may be a multiple-unit or single-unit container. A unitof-use system may contain a drug product in a liquid, semisolid, or solid dosage form (see also
FDA Guidance for Industry, Container Closure Systems for Packaging Human Drugs and
Biologics). [Note—The terms “unit-of-use package” and “unit-of-use container” may be used
interchangeably. ]
Unit-of-Use Labeling
The unit-of-use containers are labeled to include expiration dates, the manufacturer’s lot
number, the NDC designation, and bar codes as provided in the Labeling section of General
Notices and Requirements, Preservation, Packaging, Storage, and Labeling and in Good
Repackaging Practices 1178 . Some of the advantages of having bar codes on the label
include reduced medication errors, improved inventory control, and improved access to
medication identity. The labeling covers information placed in the container by the
manufacturer (see General Notices and Requirements). Acceptable labeling can range from full
labeling, such as that for multiple-unit containers, to abbreviated labeling when the container is
too small to include all of the text. Full labeling may also be provided on the carton if it is not
present on the immediate container.
Unit-of-Use—Repackaging and Reprocessing
Unit-of-use containers are reprocessed or repackaged as instructed by the manufacturer. A
unit-of-use package that is a blister package may not be reprocessed by a pharmacist once it
has been deblistered from a unit-dose container (see General Notices and Requirements for
application of the appropriate beyond-use date for a multiple-unit or unit-dose container).
Deblistering is the process of removing medication from a blister-type container. However,
under current Good Manufacturing Practices (cGMPs) and tight quality controls, the
manufacturer or contract repackager may repackage and reprocess unit-of-use containers.
Information from Manufacturers
The manufacturer should provide appropriate stability information that can be used to
determine appropriate labeling, storage, and shipping statements that will properly inform
patients and practitioners. The manufacturer may make other assurances based on product
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information on packaging and distribution arrangements. In the event that a product is not to
be repackaged, the manufacturer may so state in the labeling. The manufacturer also includes
labeling and information necessary for optimal handling by the practitioner and the patient. The
labeling and information should be bar coded to eliminate medication error and promote
medication traceability.
Responsibility of the Dispenser—Labeling
The labeling on a unit-of-use container also includes a label added at the dispensing stage by
the pharmacist. Prior to dispensing the unit-of-use package, the dispenser shall add label(s)
that provide the following information:
1. The name of the patient;
2. The name and strength of the drug product, the directions for use as prescribed by a
doctor or health-care provider, and the name of the prescriber; and
3. Any storage instruction, beyond-use date, and other information as deemed appropriate
by federal and state laws.
In the pharmacy setting, pharmacists are encouraged to use bar codes, in conjunction with
computerized prescription orders, to confirm that the right drug is being dispensed to the right
patient. Bar coding would minimize errors and create an opportunity for medication traceability
and accountability.
Quality Control of Packaging System
The packaging system shall meet the general considerations for system suitability, protection,
safety, and performance characteristics as described in FDA Guidance for Industry, Container
Closure Systems for Packaging Human Drugs and Biologics, and in Containers—Glass
Containers—Plastics

661 , and Containers—Performance Testing

660 ,

671 .

REPACKAGING A SINGLE SOLID ORAL DRUG PRODUCT INTO A UNIT-DOSE CONTAINER
Repackaging of solid oral drug products, such as tablets and capsules, into unit-dose
configurations is common practice both for the pharmacy that is dispensing drugs pursuant to a
prescription and for the pharmaceutical repackaging firm. The following section contains
minimum standards to be used as a guideline for repackaging practices.
Repackaging preparations into unit-dose configurations is an important aspect of
pharmaceutical care and of optimization of patient compliance. For purposes of this chapter,
there are two types of repackaging: the first involves pharmacies that dispense prescription
drugs, and the second concerns commercial pharmaceutical repackaging firms.
Nomenclature and Definitions
Dispenser: A dispenser is a licensed or registered practitioner who is legally responsible for
providing the patient with a preparation that is in compliance with a prescription or a
medication order and contains a specific patient label. In addition, dispensers may prepare
limited quantities in anticipation of a prescription or medication order from a physician.
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Dispensers are governed by the board of pharmacy of the individual state.
Package: The term “package” is synonymous with the term “container”. See Packaging and
Storage Requirements

659 .

Pharmacy: A pharmacy is an establishment that is legally responsible for providing the patient
with a drug preparation with a specific patient label, in compliance with a prescription or a
medication order. The terms “dispenser” and “pharmacy” are used interchangeably.
Repackaging: Repackaging is the act of removing a preparation from its original primary
container and placing it into another primary container, usually of smaller size.
Repackager: A repackager is an establishment that repackages drugs and sends them to a
second location in anticipation of a need. Repackaging firms repackage preparations for
distribution (e.g., for resale to distributors, hospitals, or other pharmacies), a function that is
beyond the regular practice of a pharmacy. Distribution is not patient specific in that there are
no prescriptions. Unlike dispensers, repackaging firms are required to register with the FDA and
to comply with the Current Good Manufacturing Practice regulations in 21 CFR 210 and 211.
Materials
Blister packages offer a wide array of designs both in functionality and in appearance. Various
packaging materials are used to create blisters that are tailored to provide optimum
performance. The blister container consists of two components: the blister, which is the formed
cavity that holds the product, and the lid stock, which is the material that seals to the blister,
as shown below.

Schematic Presentation of a Typical Blister Pack
Because of the variety of blister films available, film selection should be based upon the degree
of protection required. The choice of lid stock depends on how the blister is to be used, but
generally the lid stock is made of aluminum foil. The material used to form the cavity is typically
a plastic, which can be designed to protect the dosage form from moisture. There are widely
varying degrees of moisture protection now available. For purposes of this general chapter,
they are referred to as nominal, medium, high, and extreme moisture barrier properties.
Polyvinyl chloride: The most commonly used blister material is polyvinyl chloride (PVC). This
material, which provides a nominal or zero barrier to moisture, is used when the product does
not require effective moisture protection. PVC is available in a range of gauges and can be
made opaque or can be tinted with pigments to block out specific light wavelengths.
The thickness of the PVC used is determined by the depth and size of the cavity to be formed.
Because the plastic thins during the blister-forming process, care should be taken to ensure
that the finished blister provides sufficient protection from light (if required) and that it is
strong enough to adequately protect the dosage form. Common gauges of PVC used in the
pharmaceutical industry range from 7.5 to 15 mil (0.0075 to 0.015 inch).
Barrier films: Many drug preparations are extremely sensitive to moisture and therefore require
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high barrier films. Several materials may be used to provide moisture protection. Barrier films
commonly used in the pharmaceutical industry are described below.
PVC/PCTFE laminations—Polychlorotrifluoroethylene (PCTFE) film1 is a thermoplastic film made
from polychlorotrifluoroethylene fluoropolymer. The PCTFE film is laminated to the PVC by an
adhesive layer between the PVC and the PCTFE film (duplex structure),

Duplex Structure
or by a layer of polyethylene (PE) between the PVC–adhesive and the PCTFE–adhesive layers
(triplex structure).

Triplex Structure
By using various gauges of PCTFE film, medium to extreme moisture barriers can be obtained.
PVC/PVdC laminations—PVC/PVdC is a film in which the PVC is coated with an emulsion of
polyvinylidene chloride (PVdC), as shown in the duplex structure pictured below.

Duplex Structure
The PVdC layer is specified in g/m2 and can be constructed to provide medium to high barrier
protection. The coating weights commonly used in the pharmaceutical industry are 40, 60, and
90 g/m2, and the film is offered with or without a middle layer of polyethylene (PE), as shown in
the triplex structure below. The polyethylene is used with heavier coating weights, such as 60
and 90 g/m2, to improve the thermoforming characteristics of the blister cavity.

Triplex Structure
Polypropylene—Because of its morphology, polypropylene (PP) serves as a good moisture
barrier, its spherulitic structure creating an arduous path for water molecules to traverse.
Although not commonly used as a pharmaceutical blister film in the United States, PP provides
an economical alternative to medium barrier materials and is used in Europe as an alternative to
PVC.
Cold form foil—This material is used for products that are extremely hygroscopic or light
sensitive. It is an extreme moisture barrier and consists of three layers: PVC, aluminum foil, and
nylon.

Cold Form Foil
Lid stock: The lid stock is sealed to the molded blister as described above. Different designs of
lid stocks are available, and selection of a particular design depends on how the package will be
used. Standard designs—peelable, child-resistant peelable, and push-through—are described

PF 37(6): Nov.-Dec. 2011

90

below. The primary component of lid stock is typically aluminum, and its gauge varies from 18–
25 µm (0.0078–0.001 inch). The side of the aluminum foil laminate in contact with the product
provides the heat-sealable layer that forms the seal to the blister material. The heat-seal
coating should be capable of forming an adequate seal with the blister film to which it is
intended to seal. The materials used in the makeup of the heat-seal layer meet the
requirements of 21 CFR 175 and 177.
Peelable—Peelable foil, commonly used in an institutional setting, consists of several layers, as
shown below, and can be peeled away from the blister. [Note—For child-resistant peelable foil,
a layer of polyester with the appropriate adhesives would be added. ] With the peelable-foil lid
stock, which is used in conjunction with blister tooling, a three-step process is required to open
the blister.

Peelable Foil Construction
First, the blister cavity must be separated from the rest of the blister card. Next, the paper
and polyester layers are pulled back from an unsealed area. Finally, the product is pushed
through the remaining aluminum foil. It is important to note that use of this type of foil
structure helps make the package more child resistant. However, if child-resistant packaging is
required, the package design should be tested in accordance with the protocol described in 16
CFR 1700, the Poison Prevention Packaging Act.

Child-Resistant Foil
Push-through—There are two commonly used types of push-through foil: one with a paper
outer layer separated from the aluminum by a layer of adhesive, and one without paper. The
paper outer layer serves as an aesthetic and makes it possible to print on the back of the
blister.

Other package styles: Other types of packages used for unit-dose packaging of solid dosage
forms are strip packs, pouches, and sachets.

PROCESS
Unit-dose packages can be formed and sealed in a variety of ways. Larger scale repackagers
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may use thermoformers that accomplish these functions in-line, while smaller repackagers may
purchase preformed blister material. This section begins with an overview of the process
involved in thermoforming a blister, the fundamental process that also applies to other unitdose package types such as pouches. The overview is not intended to be all-encompassing,
but it highlights the major operations along with their critical parameters.
Thermoforming a blister unit-dose package: The complete thermoforming process consists
of four basic stations where the following operations occur: forming, filling, sealing, and
finishing. Thermoforming requires the use of heat and air in forming the blister. The lid stock
material is sealed to the blister cavity material for a defined time (the stroke of the machine) at
the point where the heat plate closes on the two materials.
Forming station—Prior to entering the forming station, the blister material passes through a
heating unit where the blister material is heated uniformly in stages to ensure proper formation.
Because different plastics have different softening points, careful attention must be paid to
determining the proper temperature of the heating station, which often has multiple
temperature zones. The temperature, based on the blister material used and on the speed at
which that material travels through the heating station, is a critical parameter for optimal
performance. At the forming station, the blister material is heated to the point where the
plastic softens sufficiently to allow the cavity to be formed. The blister material is drawn from a
reel-mounted roll (referred to as the web) and pulled through the machine. A splicing table is
located at the reel unwind to provide room for a second roll of blister material to be readily
available for splicing and resumption of the packaging process. An unwind device may be
installed to aid in moving the blister material from the roll as adjusted for a specific index.
Once the blister material is properly heated, compressed air is generally used to form the blister
cavity. Upper and lower forming dies close on the blister material as air is introduced, forming a
blister that corresponds to the size of the cavity. A plug assist may be necessary, depending
on the material and size of the cavity. The plug assist ensures a uniform thinning of the blister
material to optimize the protective characteristics of the formed material. Once the blister
material is formed into the desired blister configuration, it is advanced to the filling station.
Filling station—The product is loaded into the blister cavity at this station. An automated filling
device may be used, or the cavities may be hand filled. The critical parameter at this station is
proper filling of the formed blisters.
Sealing station—At this station, the lid stock is sealed to the filled blister cavity, using heat and
pressure for a defined dwell time. The critical parameters to be considered at this station are
temperature, pressure, and dwell time.
The lid stock material is staged on a roll above the blister cavity and may be preprinted or
printed online. Lot numbers and expiration dates may be applied at this point. Preprinted lid
stock materials will require a print registration system to control the position of the printing
relative to the blister cavity. The critical parameters at this part of the station include legible
and correct labeling.
Finishing station—The finishing station encompasses all other steps in the packaging process,
including embossing, perforation, and cutting. Embossing involves application of a lot number
and expiration date to the package. Steel type is used to emboss information on the edges of
the blister package. One of the critical parameters at this station is package integrity. It is
important that the embossing, perforation, and cutting processes do not compromise the
blister, lid, or seal. The quality of the embossing is another critical parameter in the process.
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The embossing must be legible and correct, and must include all required information.
Pouch unit-dose packages: The pouch process is also a form, fill, and seal operation, but it
does not provide a defined, formed cavity as does the thermoforming process. Although the
equipment used to form pouch unit-dose packages may function differently from that described
for thermoforming a blister, the main operations (form, fill, and seal) and critical parameters at
those stations are quite similar. [Note—See the critical parameters defined in the section on
thermoforming. ]
The strip-pack process involves the drug product being dosed into a three-sided, formed
pouch. Once filled with the drug, the machine seals the pouch, forming a strip of sealed unitdose pouches. The basic flow of the process begins with the drug situated above the pouch
material. One roll of strip-pack material is used to form the pouch. This is accomplished by
moving the material over a device that forces the material to fold into two equal sides. The
sides and bottom are sealed prior to dosing. The strip pack may be cut later during the
equipment processing or roll continuously and be manually cut. Temperature and dwell time are
the main critical factors for this equipment.
Preformed unit-dose packages: Preformed containers are sealed either by heat or by
adhesion. Heat sealers may be manual units requiring hand pressure application or automated
units that provide a more controlled pressure for sealing.
Heat sealing may be accomplished through the use of manual tabletop equipment, which is
generally operated at a set pressure. Critical parameters with these devices are pressure and
temperature control because undesirable variation in these parameters may yield inadequate
seals.
Critical parameters: In order to ensure that the finished container performs as intended,
qualification of critical parameters should be determined. Typically, validation of a packaging
line consists of qualification of the installation, operation, and performance of a packaging
system.
Installation qualification—Equipment should be installed and found to be in proper working
condition prior to use.
Operational qualification—Operational qualification should be performed to establish that the
equipment operates within the manufacturer’s specified ranges. Incoming utilities for the
equipment, such as air, electricity, etc., should be monitored and checked periodically.
Performance qualification—Performance qualification should be done to establish that the
equipment performs properly with the required materials to produce a container that functions
as intended. The critical parameters include forming temperature and pressure, sealing
temperature and pressure, and dwell time at the seal station. Qualified ranges should be readily
available in a reference source for the setup of equipment. Re-evaluation may be necessary
with changes to equipment, materials, or process.
In-process inspections: Strict controls covering the packaging and labeling processes should
be in place. The final container should be evaluated for performance in each of the stations
previously described. Specifically, the formed container should be inspected visually to ensure
that it is properly formed. Evaluation of the filling station should include a check to ensure that
the unit dose is properly filled (i.e., that the correct product is present). The sealing station
should be evaluated to ensure that a proper seal has been made and that the moisture
permeation specifications of the sealed container have been met. A visual examination of the
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package should be performed to ensure that the final steps of the packaging process are
acceptable.
Repackagers and dispensers should use a standard inspection plan to verify the adequacy of
the package. A visual inspection should be performed to verify that the correct product is in
the proper packaging materials with correct labeling. Seal integrity should be evaluated, using
vacuum testing,2 helium testing, tear testing, and other testing methods suitable to establish
whether seal integrity is maintained.
PERFORMANCE
The primary purpose of the unit-dose package used in the packaging of a drug preparation is to
ensure that, until its intended expiration date, there is adequate protection from the
environment as the dosage form is distributed and stored. It is also essential that the materials
used do not interact with the dosage form.
When determining what type of package to use in the repackaging operation, consideration
must be given to the dosage form’s sensitivities (if any) to the storage and distribution
environments (e.g., temperature, light, and moisture).
The properties of the finished container are defined by the materials used in constructing the
unit-dose container, and by the process used to form and seal the container. As discussed in
Materials, there is a wide variety of commercially available film structures that provide unitdose containers with a range of moisture and light protection. Suppliers of these materials
typically provide quantitative data, obtained from well-established test methods, to highlight
the protective properties of their material. These data are based on flat sheets of the film, not
on the formed container.
It is critical to understand that once the film is formed, protective properties change because
the overall thickness of the film decreases as the blister cavity is formed. Usually the change is
a decrease, especially in the case of barrier properties. However, the extent of change will vary
with the type of film structure used and is also highly dependent on the container-forming
process used (see Process). Further, a suboptimal seal on the formed container will decrease
the protective properties of the container. Insufficient temperature, time, or pressure during a
heat-seal operation may enable the passage of moisture or oxygen through the seal area over
time, which may have an effect on the dosage form. In addition, if the seal area is designed
with insufficient surface area, the same problem may occur. To ensure a good seal, a minimum
sealing distance of 3 mm from the edge of the blister cavity to the nearest edge or perforation
is recommended. Therefore, it is important to measure the performance of the formed and
sealed container rather than the performance of the flat sheet.
Moisture is a critical factor in preparation integrity. Containers—Performance Testing 671
describes how to determine and classify moisture permeation rates. If the manufacturer’s
labeling includes “Protect From Moisture,” the repackager shall utilize a high barrier film.
If light protection is required for a drug preparation, the repackager should follow the
requirements for light transmission established under Containers—Performance Testing 671 .
Again, this testing should be conducted on the formed container, because the light-protective
properties of the film are compromised once the film is thinned during the forming process. It is
recommended that these tests, in conjunction with any guidance provided by the
manufacturer, be considered appropriate for any container–closure system used in repackaging
a drug preparation.
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BEYOND-USE-DATE
In the absence of stability data for the drug product in the repackaged container, the beyonduse dating period is one year or the time remaining until the expiration date, whichever is
shorter. If current stability data are available for the drug product in the repackaged container,
the length of time established by the stability study may be used to establish the beyond-use
date, but must not exceed the manufacturer’s expiration date.
As stated in the General Notices and Requirements, the dispenser must maintain the facility
where the dosage forms are packaged and stored at a temperature such that the mean kinetic
temperature is not greater than 25 . The plastic material used in packaging the dosage forms
must afford better protection than polyvinyl chloride, which does not provide adequate
protection against moisture permeation. Records must be kept of the temperature of the facility
where the dosage forms are stored, and of the plastic materials used in packaging.
MINIMUM REQUIREMENTS
The previous sections serve as a general introduction to repackaging by providing a basic
understanding of materials selection, the form-fill-seal process, and the importance of
performance of the sealed container. In this section, certain minimum requirements for
repackaging, which must be met, are described in more detail.
Personnel: Each person with responsibility for the repackaging of a preparation shall have the
education, training, and experience, or any combination thereof, to perform assigned functions
in a manner such that the safety, identity, strength, quality, purity, potency, and
pharmaceutical elegance of the drug dosage form are retained. Training should be documented.
Personnel engaged in the repackaging of a preparation shall wear clean clothing appropriate for
the duties or processes performed.
Facility: The repackaging facility may require areas of low relative humidity, and temperature
conditions should meet controlled room temperature requirements specified in Packaging and
Storage Requirements

659 .

Equipment: Equipment used in the repackaging of a preparation shall be of appropriate design
and suitably located to facilitate operations for its intended use. Its design should allow for
cleaning to preclude cross-contamination as well as for maintenance to be performed.
Equipment shall be constructed so that those surfaces that contact components or a
preparation are not reactive, additive, or absorptive. Any substances required for operation,
such as lubricants or coolants, shall not come into contact with components or a preparation.
Equipment and utensils shall be cleaned, maintained, and sanitized at appropriate intervals to
prevent malfunctions or contamination. Preventive maintenance should be performed at
appropriate intervals in accordance with the equipment manufacturer’s recommendation. Any
instruments used to monitor critical parameters should be calibrated on a defined schedule.
Process: Steps should be taken to determine the critical process parameters (e.g., seal
temperature, dwell time) in operating the equipment. Set points for these parameters should be
documented and procedures established to ensure that they are adhered to each time the
equipment is operated.
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Labeling: The labeling requirements for a commercial repackager and a pharmacist are
different. For example, the commercial repackager must comply with 21 CFR 201.1, but the
pharmacist or dispenser does not have to comply with this requirement. If stability data are
unavailable, the dispenser shall repackage only an amount of stock sufficient for a limited time
and shall include product name and strength, lot number, manufacturer, and appropriate
beyond-use date on the label. When quantities are repackaged in advance of immediate needs,
each preparation must bear an identifying label, and the dispenser is required to maintain
suitable repackaging records showing the name of the manufacturer, lot number, expiration
date, date of repackaging, and designation of persons responsible for repackaging and for
checking. The repackager or dispenser will use documented controls to prevent labeling errors.
Materials: The repackager or dispenser shall place an appropriate beyond-use date on the
label and package in appropriate materials. Materials used by the repackager shall not be
reactive, additive, or absorptive, and must meet the requirements described in 21 CFR 175 and
177.
Storage: The dispenser shall rotate and monitor stock closely to ensure that the dispensing of
preparations is on a first-in-first-out (FIFO) basis. The repackager or dispenser shall store
preparations under required environmental conditions (e.g., controlled room temperature with a
mean kinetic temperature not higher than 25 ).
Drug product: The repackager or dispenser shall examine preparations for evidence of
instability such as change in color or odor, and shall exercise professional judgment as to the
acceptability of a package.
Complaints: The repackager or dispenser will maintain written procedures describing the
handling of written and oral complaints regarding a drug product and will ensure that complaints
are investigated and appropriately resolved.
Returned goods: Policies and procedures relating to returned goods should be developed to
ensure proper handling.
Reprocessing: Reprocessing of repackaged unit-dose containers (i.e., removing medication
from one unit-dose container and placing it into another unit-dose container) shall not be done.
However, reprocessing of the secondary package (e.g., removing the blister card from the
cardboard carrier and placing the blister card into another cardboard carrier) is allowed provided
the original beyond-use date is maintained, and provided the integrity of the blister is ensured.
Special considerations: If a product is known to be oxygen sensitive or if it exhibits extreme
moisture or light sensitivity (e.g., cold form foil), it shall not be repackaged. If a product is
refrigerated, it shall not be repackaged unless proper environmental conditions and suitable
materials are available. Certain drug products (such as oncologic agents, hormones, or penicillin
derivatives) require special handling because they are considered very potent or toxic, and
because transfer of any portion of these products to another product could have deleterious
effects.
REPACKAGING NONSTERILE SOLID AND LIQUID DOSAGE FORMS INTO SINGLE-UNIT
CONTAINERS AND UNIT-DOSE CONTAINERS
The following guidance is intended for those engaged in pharmaceutical dispensing, and does
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not apply to commercial dispensing. An official dosage form is required to bear on its label an
expiration date assigned for the particular formulation and package of the article. This date
limits the time during which the product may be dispensed or used. Because the expiration date
stated on the original manufacturer’s container–closure system has been determined for the
drug in that particular system and is not intended to apply to a product that has been
repackaged in a different container, repackaged drugs dispensed pursuant to a prescription are
exempt from using the expiration date from the original manufacturer’s package. However,
under no circumstance should the repackaged pharmaceutical preparation’s expiration date
exceed the original manufacturer’s expiration date. It is necessary, therefore, that other
precautions be taken by the dispenser to preserve the strength, quality, and purity of drugs
that are repackaged for ultimate distribution or sale to patients.
The following guidelines and requirements are applicable where official dosage forms are
repackaged into single-unit or unit-dose containers or mnemonic packs for dispensing pursuant
to prescription.
Labeling: It is the responsibility of the dispenser to place a suitable expiration date on the
label, taking into account the nature of the drug repackaged, any packaging and expiration
dating information in the manufacturer’s product labeling, the characteristics of the containers,
and the storage conditions to which the article may be subjected. Repackaged dosage forms
must bear on their labels expiration dates as determined from information in the product labeling
(see General Notices and Requirements, Preservation, Packaging, Storage, and Labeling). Each
single-unit or unit-dose container bears a separate label, unless the device holding the unitdose form does not allow for the removal or separation of the intact single-unit or unit-dose
container therefrom.
Storage: Store the repackaged article in a humidity-controlled environment and at the
temperature specified in the individual monograph or in the product labeling. For further
directions, see Packaging and Storage Requirements 659 .
A refrigerator or freezer shall not be considered to be a humidity-controlled environment. Drugs
that are to be stored at a cold temperature in a refrigerator or freezer must be protected
during storage in the refrigerator or freezer. An outer container may be necessary for such
protection; it is recommended that the drug monograph be referenced for storage.
Reprocessing: Reprocessing of repackaged unit-dose containers (i.e., removing a dosage unit
from one unit-dose container and placing it in another unit-dose container) shall not be done.
However, reprocessing of the secondary package (e.g., removing the blister card from the
cardboard carrier and placing the blister card into another cardboard carrier) is allowed provided
that the original expiration date is maintained.
CUSTOMIZED PATIENT MEDICATION PACKAGES
In lieu of dispensing two or more prescribed drug products in separate containers, a pharmacist
may, with the consent of the patient, the patient’s caregiver, or a prescriber, provide a
customized patient medication package (patient med pak).3
A patient med pak, i.e., a package prepared by a pharmacist for a specific patient, comprises a
series of containers and contains two or more prescribed solid oral dosage forms. The patient
med pak is so designed, or each container is so labeled, as to indicate the day and time, or
period of time, that the container contents are to be taken.
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It is the responsibility of the dispenser to instruct the patient or caregiver on the use of the
patient med pak.
Label: The patient med pak shall bear a label stating the following:
1. The name of the patient;
2. A serial number for the patient med pak itself and a separate identifying serial number
for each of the prescription orders for each of the drug products contained therein;
3. The name, strength, physical description or identification, and total quantity of each
drug product contained therein;
4. The directions for use and cautionary statements, if any, contained in the prescription
order for each drug product therein;
5. Any storage instructions or cautionary statements required by the official compendia;
6. The name of the prescriber of each drug product;
7. The date of preparation of the patient med pak and the beyond-use date or period of
time assigned to the patient med pak (such beyond-use date or period of time shall be
not longer than the shortest recommended beyond-use date for any dosage form
included therein or not longer than 60 days from the date of preparation of the patient
med pak, and shall not exceed the shortest expiration date on the original
manufacturer’s bulk containers for the dosage forms included therein); alternatively, the
package label shall state the date of the prescription(s) or the date of preparation of
the patient med pak, provided the package is accompanied by a record indicating the
start date and the beyond-use date;
8. The name, address, and telephone number of the dispenser (and the dispenser’s
registration number where necessary); and
9. Any other information, statements, or warnings required for any of the drug products
contained therein.
If the patient med pak allows for the removal or separation of the intact containers therefrom,
each individual container shall bear a label identifying each of the drug products contained
therein.
Labeling: The patient med pak shall be accompanied by a patient package insert, in the event
that any medication therein is required to be dispensed with such insert as accompanying
labeling. Alternatively, such required information may be incorporated into a single, overall
educational insert provided by the pharmacist for the total patient med pak.
Packaging: In the absence of more stringent packaging requirements for any of the drug
products contained therein, each container of the patient med pak shall comply with the
moisture permeation requirements for a Class B single-unit or unit-dose container (see
Containers—Performance Testing 671 ). Each container shall be either nonreclosable or so
designed as to show evidence of having been opened.
Guidelines: It is the responsibility of the dispenser, when preparing a patient med pak, to take
into account any applicable compendial requirements or guidelines and the physical and
chemical compatibility of the dosage forms placed within each container, as well as any
therapeutic incompatibilities that may attend the simultaneous administration of the
medications. In this regard, pharmacists are encouraged to report to USP headquarters any
observed or reported incompatibilities. Once a medication has been placed in a patient med pak
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with another solid dosage form, it may not be returned to stock, redistributed, or resold if
unused.
Recordkeeping: In addition to any individual prescription filing requirements, a record of each
patient med pak shall be made and filed. Each record shall contain, as a minimum:
1. The name and address of the patient;
2. The serial number of the prescription order for each drug product contained therein;
3. The name of the manufacturer or labeler and lot number for each drug product
contained therein;
4. Information identifying or describing the design, characteristics, or specifications of the
patient med pak sufficient to allow subsequent preparation of an identical patient med
pak for the patient;
5. The date of preparation of the patient med pak and the beyond-use date that was
assigned;
6. Any special labeling instructions; and
7. The name or initials of the pharmacist who prepared the patient med pak.
USP36

1 PC TFE film is available from Allied Signal (as Aclar®) and from other sources.
2 Vacuum testing consists of placing samples from the packaging operation into a jar filled with water. A lid is
placed over the samples to fully immerse them in the water. A container lid is applied to create a seal effective
enough to create approximately 25 cm of vacuum. The vacuum pump is set, and the samples are tested for
approximately 1 minute, removed from the water, wiped down, and opened to determine whether the inside of
the unit-dose cavity or pouch is wet. This process should be adjusted until it is under control, and additional
testing may be performed to ensure that the seal integrity is consistently acceptable. Wetness indicates a
defective seal and therefore the potential for the drug to degrade when exposed to the atmosphere. Defective
packages must be removed from further use.
3 It should be noticed that for patient med paks there is no special exemption from the requirements of the
Poison Prevention Packaging Act. Thus, the patient med pak, if it does not meet child-resistant standards, shall
be placed in an outer package that does comply, or the necessary consent of the purchaser or physician to
dispense in a container not intended to be child-resistant shall be obtained.

BRIEFING
1146 Packaging Practice—Repackaging a Single Solid Oral Drug Product into a UnitDose Container, USP 34 page 688. It is proposed to omit this general information chapter from
the USP–NF. The specification for repackaging a single solid oral drug product into a unit-dose
container is specifically covered in

1146 . The general chapter Packaging—Unit of Use

, appearing elsewhere in this issue of PF, will include the information currently in

1136

1146 .

(GCPS: D. Hunt.)
Correspondence Number—C105263

Comment deadline: January 31, 2012
Delete the following:
1146

PACKAGING PRACTICE—REPACKAGING A SINGLE SOLID ORAL DRUG PRODUCT
INTO A UNIT-DOSE CONTAINER
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INTRODUCTION
Repackaging of solid oral drug products, such as tablets and capsules, into unit-dose
configurations is common practice both for the pharmacy that is dispensing drugs pursuant to a
prescription and for the pharmaceutical repackaging firm. This general chapter contains
minimum standards to be used as a guideline for repackaging practices. This guideline is not
intended to replace or supplant the requirements of regulatory agencies.
Repackaging preparations into unit-dose configurations is an important aspect of
pharmaceutical care and of optimization of patient compliance. For purposes of this chapter,
there are two types of repackaging: the first involves pharmacies that dispense prescription
drugs; the second concerns commercial pharmaceutical repackaging firms.
NOMENCLATURE AND DEFINITIONS
Dispenser—A dispenser is a licensed or registered practitioner who is legally responsible for
providing a preparation for patient use, with a specific patient label, pursuant to a prescription
or a medication order. In addition, dispensers may prepare limited quantities in anticipation of a
prescription or medication order from a physician. Dispensers are governed by the board of
pharmacy of the individual state.
Package—The term “package” is synonymous with the term “container.” See Containers under
Preservation, Packaging, Storage, and Labeling in the General Notices and Requirements.
Pharmacy—A pharmacy is an establishment that is legally responsible for providing the drug
preparation for patient use, with a specific patient label, pursuant to a prescription or a
medication order. The terms dispenser and pharmacy are used interchangeably.
Repackaging—Repackaging is the act of removing a preparation from its original primary
container and placing it into another primary container, usually of smaller size.
Repackager—A repackager is an establishment that repackages drugs and sends them to a
second location in anticipation of a need. Repackaging firms repackage preparations for
distribution (e.g., for resale to distributors, hospitals, or other pharmacies), a function that is
beyond the regular practice of a pharmacy. Distribution is not patient specific in that there are
no prescriptions. Unlike dispensers, repackaging firms are required to register with the FDA and
to comply with the Current Good Manufacturing Practice regulations in 21 CFR 210 and 211.
MATERIALS
Blister packages offer a wide array of designs both in functionality and in appearance. Various
packaging materials are used to create blisters that are tailored to provide optimum
performance. The blister container consists of two components: the blister, which is the formed
cavity that holds the product, and the lid stock, which is the material that seals to the blister,
as shown below.

PF 37(6): Nov.-Dec. 2011

100

Schematic Presentation of a Typical Blister Pack
Because of the variety of blister films available, film selection should be based upon the degree
of protection required. The choice of lid stock depends on how the blister is to be used, but
generally the lid stock is made of aluminum foil. The material used to form the cavity is typically
a plastic, which can be designed to protect the dosage form from moisture. There are widely
varying degrees of moisture protection now available. For purposes of this general chapter,
they are referred to as nominal, medium, high, and extreme moisture barrier properties.
Polyvinyl Chloride—The most commonly used blister material is polyvinyl chloride (PVC). This
material, which provides a nominal or zero barrier to moisture, is used when the product does
not require effective moisture protection. PVC is available in a range of gauges and can be
made opaque or can be tinted with pigments to block out specific light wavelengths.
The thickness of the PVC used is determined by the depth and size of the cavity to be formed.
Because the plastic thins during the blister-forming process, care should be taken to ensure
that the finished blister provides sufficient protection from light (if required) and that it is
strong enough to adequately protect the dosage form. Common gauges of PVC used in the
pharmaceutical industry range from 7.5 to 15 mil (0.0075 to 0.015 inch).
Barrier Films—Many drug preparations are extremely sensitive to moisture and therefore
require high barrier films. Several materials may be used to provide moisture protection. Barrier
films commonly used in the pharmaceutical industry are described below.
PVC/PCTFE Laminations—Polychlorotrifluoroethylene (PCTFE) film1 is a thermoplastic film made
from polychlorotrifluoroethylene fluoropolymer. The PCTFE film is laminated to the PVC by an
adhesive layer between the PVC and the PCTFE film (duplex structure)

Duplex Structure
or by a layer of polyethylene (PE) between the PVC-adhesive and the PCTFE-adhesive layers
(triplex structure).

Triplex Structure
By using various gauges of the PCTFE film, medium to extreme moisture barriers can be
obtained.
PVC/PVdC Laminations—PVC/PVdC is a film in which the PVC is coated with an emulsion of
polyvinylidene chloride (PVdC).

Duplex Structure
The PVdC layer is specified in g per
and can be constructed to provide medium to high
barrier protection. The coating weights commonly used in the pharmaceutical industry are 40,
60, and 90 g per m2, and the film is offered with or without a middle layer of polyethylene (PE).
m2
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The polyethylene is used with heavier coating weights, such as 60 and 90 g per m2, to improve
the thermoforming characteristics of the blister cavity.

Triplex Structure
Polypropylene—Because of its morphology, polypropylene (PP) serves as a good moisture
barrier, its spherulitic structure creating an arduous path for water molecules to traverse.
Although not commonly used as a pharmaceutical blister film in the U.S., PP provides an
economical alternative to medium barrier materials and is used in Europe as an alternative to
PVC.
Cold Form Foil—This material is used for products that are extremely hygroscopic or light
sensitive. It is an extreme moisture barrier and consists of three layers: PVC, aluminum foil, and
nylon.

Cold Form Foil
Lid Stock—Lid stock is sealed to the molded blister as described above. Different designs of lid
stocks are available, and selection of a particular design depends on how the package will be
used. Standard designs—peelable, child-resistant peelable, and push-through—are described
below. The primary component of lid stock is typically aluminum, and its gauge varies from 18
to 25 µm (0.0078 to 0.001 inch). The side of the aluminum foil laminate in contact with the
product provides the heat-sealable layer that forms the seal to the blister material. The heatseal coating should be capable of forming an adequate seal with the blister film to which it is
intended to seal. The materials used in the makeup of the heat-seal layer meet 21 CFR 175 and
177.
Peelable—Peelable foil, commonly used in an institutional setting, consists of several layers, as
shown below, and can be peeled away from the blister. [Note—For child-resistant peelable foil,
a layer of polyester with the appropriate adhesives would be added. ] With the peelable foil lid
stock, which is used in conjunction with blister tooling, a three-step process is required to open
the blister.

Peelable Foil Construction
First, the blister cavity must be separated from the rest of the blister card. Next, the paper
and polyester layers are pulled back from an unsealed area. Finally, the product is pushed
through the remaining aluminum foil. It is important to note that use of this type of foil
structure helps make the package more child resistant. However, if child-resistant packaging is
required, the package design should be tested in accordance with the protocol described in 16
CFR 1700, the Poison Prevention Packaging Act.
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Child-Resistant Foil
Push-Through—There are two commonly used types of push-through foil: one with a paper
outer layer separated from the aluminum by a layer of adhesive and one without paper.

The paper outer layer serves as an aesthetic and makes it possible to print on the back of the
blister.
Other Package Styles—Other types of packages used for unit-dose packaging of solid dosage
forms are strip packs, pouches, and sachets.

PROCESS
Unit-dose packages can be formed and sealed in a variety of ways. Larger scale repackagers
may use thermoformers that accomplish these functions in-line, while smaller repackagers may
purchase preformed blister material. This section begins with an overview of the process
involved in thermoforming a blister, the fundamental process that also applies to other unitdose package types such as pouches. The overview is not intended to be all-encompassing,
but it highlights the major operations along with their critical parameters.
Thermoforming a Blister Unit-Dose Package—The complete thermoforming process consists
of four basic stations where the following operations occur: forming, filling, sealing, and
finishing. Thermoforming requires the use of heat and air in forming the blister. The lid stock
material is sealed to the blister cavity material for a defined time (the stroke of the machine) at
the point where the heat plate closes on the two materials.
Forming Station—Prior to entering the forming station, the blister material passes through a
heating unit where the blister material is heated uniformly in stages to ensure proper formation.
Because different plastics have different softening points, careful attention must be paid to
determining the proper temperature of the heating station, which often has multiple
temperature zones. The temperature, based on the blister material used and on the speed at
which that material travels through the heating station, is a critical parameter for optimal
performance. At the forming station the blister material is heated to the point where the plastic
softens sufficiently to allow the cavity to be formed. The blister material is drawn from a reelmounted roll (referred to as the web) and pulled through the machine. A splicing table is
located at the reel unwind to provide room for a second roll of blister material to be readily
available for splicing and resumption of the packaging process. An unwind device may be
installed to aid in moving the blister material from the roll as adjusted for a specific index.
Once the blister material is properly heated, compressed air is generally used to form the blister
cavity. Upper and lower forming dies close on the blister material as air is introduced, forming a
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blister that corresponds to the size of the cavity. A plug assist may be necessary, depending
on the material and size of the cavity. The plug assist ensures a uniform thinning of the blister
material to optimize the protective characteristics of the formed material. Once the blister
material is formed into the desired blister configuration, it is advanced to the filling station.
Filling Station—The product is loaded into the blister cavity at this station. An automated filling
device may be used, or the cavities may be hand filled. The critical parameter at this station is
proper filling of the formed blisters.
Sealing Station—At this station, the lid stock is sealed to the filled blister cavity, using heat
and pressure for a defined dwell time. The critical parameters to be considered at this station
are temperature, pressure, and dwell time.
The lid stock material is staged on a roll above the blister cavity and may be preprinted or
printed on-line. Lot numbers and expiration dates may be applied at this point. Preprinted lid
stock materials will require a print registration system to control the position of the printing
relative to the blister cavity. The critical parameters at this part of the station include legible
and correct labeling.
Finishing Station—The finishing station encompasses all other steps in the packaging process,
including embossing, perforation, and cutting. Embossing involves application of a lot number
and expiration date to the package. Steel type is used to emboss information on the edges of
the blister package. One of the critical parameters at this station is package integrity. It is
important that the embossing, perforation, and cutting processes do not compromise the
blister, lid, or seal. The quality of the embossing is another critical parameter in the process.
The embossing must be legible, and correct and must include all required information.
Pouch Unit-Dose Packages—The pouch process is also a form, fill, and seal operation, but it
does not provide a defined, formed cavity as does the thermoforming process. Although the
equipment used to form pouch unit-dose packages may function differently from that described
for thermoforming a blister, the main operations (form, fill, and seal) and critical parameters at
those stations are quite similar. [Note—See the aforementioned critical parameters defined in
the section on thermoforming. ]
The strip-pack process involves the drug product being dosed into a three-sided, formed
pouch. Once filled with the drug, the machine seals the pouch, forming a strip of sealed unitdose pouches. The basic flow of the process begins with the drug situated above the pouch
material. One roll of strip-pack material is used to form the pouch. This is accomplished by
moving the material over a device that forces the material to fold into two equal sides. The
sides and bottom are sealed prior to dosing. The strip pack may be cut later during the
equipment processing or roll continuously and be manually cut. Temperature and dwell time are
the main critical factors for this equipment.
Preformed Unit-Dose Packages— Preformed containers are sealed either by heat or by
adhesion. Heat sealers may be manual units requiring hand pressure application or automated
units that provide a more controlled pressure for sealing.
Heat sealing may be accomplished through the use of manual tabletop equipment. This
equipment is generally operated at a set pressure. Critical parameters with these devices are
pressure and temperature control because undesirable variation in these parameters may yield
inadequate seals.
Critical Parameters—In order to ensure that the finished container performs as intended,
qualification of critical parameters should be determined. Typically, validation of a packaging
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line consists of qualification of the installation, operation, and performance of a packaging
system.
Installation Qualification—Equipment should be installed and found to be in proper working
condition prior to use.
Operational Qualification—Operational qualification should be performed to establish that the
equipment operates within the manufacturer's specified ranges. Incoming utilities for the
equipment, such as air, electricity, etc., should be monitored and checked periodically.
Performance Qualification—Performance qualification should be done to ensure that the
equipment is performing properly with the required materials to produce a container that
functions as intended. The critical parameters include forming temperature and pressure,
sealing temperature and pressure, and dwell time at the seal station. Qualified ranges should be
readily available in a reference source for the setup of equipment. Re-evaluation may be
necessary with changes to equipment, materials, or the process.
In-Process Inspections—Strict controls covering the packaging and labeling processes should
be in place. The final container should be evaluated for performance in each of the stations
described above. Specifically, the formed container should be inspected visually to ensure that
it is properly formed. Evaluation of the filling station should include a check to ensure that the
unit dose is properly filled (i.e., that the correct product is present). The sealing station should
be evaluated to ensure that a proper seal has been made and that the moisture permeation
specifications of the sealed container have been met. A visual examination of the package
should be performed to ensure that the final steps of the packaging process are acceptable.
Repackagers and dispensers should use a standard inspection plan to verify the adequacy of
the package. A visual inspection should be performed to verify that the correct product is in
the proper packaging materials with correct labeling. Seal integrity should be evaluated, using
vacuum testing,2 helium testing, tear testing, and other testing methods suitable to establish
whether seal integrity is maintained.
PERFORMANCE
The primary purpose of the unit-dose package used in the packaging of a drug preparation is to
ensure that until its intended expiration date there is adequate protection from the environment
as the dosage form is distributed and stored. It is also essential that the materials used do not
interact with the dosage form.
When determining what type of package to use in the repackaging operation, consideration
must be given to the dosage form's sensitivities (if any) to the storage and distribution
environments (e.g., temperature, light, and moisture).
The materials used in constructing the unit-dose container as well as the process of forming
and sealing the container all together define the properties of the finished container. As
discussed in Materials, there is a wide variety of commercially available film structures that
provide unit-dose containers with a range of moisture and light protection. Suppliers of these
materials typically provide quantitative data, obtained from well-established test methods, to
highlight the protective properties of their material. These data are based on flat sheets of the
film, not on the formed container.
It is critical to understand that once the film is formed, protective properties change because
the overall thickness of the film decreases as the blister cavity is formed. Usually the change is
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a decrease, especially in the case of barrier properties. However, the extent of change will vary
with the type of film structure used and is also highly dependent on the container-forming
process used (see Process). Further, a suboptimal seal on the formed container will decrease
the protective properties of the container. Insufficient temperature, time, or pressure during a
heat-seal operation may enable the passage of moisture or oxygen through the seal area over
time, which may have an effect on the dosage form. In addition, if the seal area is designed
with insufficient surface area, the same problem may occur. To ensure a good seal, a minimum
sealing distance of 3 mm from the edge of the blister cavity to the nearest edge or perforation
is recommended. Therefore, it is important to measure the performance of the formed and
sealed container rather than the performance of the flat sheet.
Moisture is a critical factor in preparation integrity. Containers—Performance Testing 671
describes how to determine and classify moisture permeation rates. If the manufacturer's
labeling includes “Protect From Moisture,” the repackager shall utilize a high barrier film.
If light protection is required for a drug preparation, the repackager should follow the
requirements for light transmission established under Containers—Performance Testing 671 .
Again, this testing should be conducted on the formed container, because the light protective
properties of the film are compromised once the film is thinned during the forming process. It is
recommended that these tests, in conjunction with any guidance provided by the
manufacturer, be considered appropriate for any container–closure system used in repackaging
a drug preparation.
BEYOND-USE DATE
In the absence of stability data for the drug product in the repackaged container, the beyonduse dating period is one year or the time remaining of the expiration date, whichever is shorter.
If current stability data are available for the drug product in the repackaged container, the
length of time established by the stability study may be used to establish the beyond-use date
but must not exceed the manufacturer's expiration date.
As stated in the General Notices and Requirements, the dispenser must maintain the facility
where the dosage forms are packaged and stored at a temperature such that the mean kinetic
temperature is not greater than 25 . The plastic material used in packaging the dosage forms
must afford better protection than polyvinyl chloride, which does not provide adequate
protection against moisture permeation. Records must be kept of the temperature of the facility
where the dosage forms are stored, and of the plastic materials used in packaging.
MINIMUM REQUIREMENTS
The previous sections serve as a general introduction to repackaging by providing a basic
understanding of materials selection, the form-fill-seal process, and the importance of
performance of the sealed container. In this section, certain minimum requirements for
repackaging, which must be met, are described in more detail.
Personnel—Each person with responsibility for the repackaging of a preparation shall have the
education, training, and experience, or any combination thereof, to perform assigned functions
in a manner such that the safety, identity, strength, quality, purity, potency, and
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pharmaceutical elegance of the drug dosage form are retained. Training should be documented.
Personnel engaged in the repackaging of a preparation shall wear clean clothing appropriate for
the duties or processes performed.
Facility—The repackaging facility may require areas of low relative humidity, and temperature
conditions should meet controlled room temperature requirements specified in the General
Notices.
Equipment—Equipment used in the repackaging of a preparation shall be of appropriate design
and suitably located to facilitate operations for its intended use. Its design should allow for
cleaning to preclude cross-contamination as well as for maintenance to be performed.
Equipment shall be constructed so that those surfaces that contact components or a
preparation are not reactive, additive, or absorptive.
Any substances required for operation, such as lubricants or coolants, shall not come into
contact with components or a preparation.
Equipment and utensils shall be cleaned, maintained, and sanitized at appropriate intervals to
prevent malfunctions or contamination. Preventive maintenance should be performed at
appropriate intervals in accordance with the equipment manufacturer's recommendation. Any
instruments used to monitor critical parameters should be calibrated on a defined schedule.
Process—Steps should be taken to determine the critical process parameters (e.g., seal
temperature, dwell time) in operating the equipment. Set points for these parameters should be
documented and procedures established to ensure that they are adhered to each time the
equipment is operated.
Labeling—The labeling requirements for a commercial repackager and a pharmacist are
different. For example, the commercial repackager must comply with 21 CFR 201.1, but the
pharmacist or dispenser does not have to comply with this requirement. If stability data are
unavailable, the dispenser shall repackage only an amount of stock sufficient for a limited time
and shall include product name and strength, lot number, manufacturer, and appropriate
beyond-use date on the label. When quantities are repackaged in advance of immediate needs,
each preparation must bear an identifying label, and the dispenser is required to maintain
suitable repackaging records showing the name of the manufacturer, lot number, expiration
date, date of repackaging, and designation of persons responsible for repackaging and for
checking. The repackager or dispenser will use documented controls to prevent labeling errors.
Materials—The repackager or dispenser shall place an appropriate beyond-use date on the
label and package in appropriate materials. Materials used by the repackager shall not be
reactive, additive, or absorptive, and must meet the requirements described in 21 CFR 175 and
177.
Storage—The dispenser shall rotate and monitor stock closely to ensure that the dispensing of
preparations is on a first-in–first-out (FIFO) basis. The repackager or dispenser shall store
preparations under required environmental conditions (e.g., controlled room temperature with a
mean kinetic temperature not higher than 25 ).
Drug Product—The repackager or dispenser shall examine preparations for evidence of
instability such as change in color or odor, and shall exercise professional judgment as to the
acceptability of a package.
Complaints—The repackager or dispenser will maintain written procedures describing the
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handling of written and oral complaints regarding a drug product and will ensure that complaints
are investigated and appropriately resolved.
Returned Goods—Policies and procedures relating to returned goods should be developed to
ensure proper handling.
Reprocessing—Reprocessing of repackaged unit-dose containers (i.e., removing medication
from one unit-dose container and placing it into another unit-dose container) shall not be done.
However, reprocessing of the secondary package (e.g., removing the blister card from the
cardboard carrier and placing the blister card into another cardboard carrier) is allowed provided
the original beyond-use date is maintained, and provided the integrity of the blister is ensured.
Special Considerations—If a product is known to be oxygen sensitive or if it exhibits extreme
moisture or light sensitivity (e.g., cold form foil), it shall not be repackaged. If a product is
refrigerated, it shall not be repackaged unless proper environmental conditions and suitable
materials are available. Certain drug products (such as oncologic agents, hormones, or penicillin
derivatives) require special handling because they are considered very potent or toxic, and
because transfer of any portion of these products to another product could have deleterious
effects.
USP36

1 PC TFE film is available from Allied Signal (as Aclar) and from other sources.
2 Vacuum testing consists of placing samples from the packaging operation into a jar filled with water. A lid is
placed over the samples to fully immerse them in the water. A container lid is applied to create a seal effective
enough to create approximately 25 cm of vacuum. The vacuum pump is set, and the samples are tested for
approximately 1 minute, removed from the water, wiped down, and opened to determine whether the inside of
the unit-dose cavity or pouch is wet. This process should be adjusted until it is under control, and additional
testing may be performed to ensure that the seal integrity is consistently acceptable. Wetness indicates a
defective seal and therefore the potential for the drug to degrade when exposed to the atmosphere. Defective
packages must be removed from further use.

BRIEFING
1197 Good Distribution Practices for Bulk Pharmaceutical Excipients. Excipients are
used in virtually all drug products and are essential to product performance and quality.
Typically, excipients are manufactured and supplied to comply with compendial standards. The
pharmaceutical excipient supply chain may comprise many participants, both domestically and
globally, and may include manufacturers, distributors, brokers, suppliers, traders, transport
companies, forwarding agents, and repackagers. The quality of pharmaceutical excipients can
be affected by the lack of adequate control of activities including distribution, packaging,
repackaging, labeling, and storage. Improper or inadequately controlled trading practices can
pose a significant risk to the quality of pharmaceutical excipients and can increase the risk of
contamination, cross-contamination, adulteration, mix-ups, degradation, or changes in physical
or chemical properties. Because of the variety of ways in which users can source material,
potential issues and misunderstandings can arise as to whether the sourced material quality is
suitable for its intended use in pharmaceutical preparations. To maintain the original and
intended quality, all activities should be carried out according to appropriate standards for good
trade and distribution practices. This proposed general information chapter provides key
information to help assure excipient quality and help prevent economically motivated
adulteration. The chapter outlines key strategies necessary in the qualification of starting
materials of good quality, the maintenance of that quality throughout the distribution chain and
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the confirmation of the quality by the users of starting materials. The <1197> Expert Panel on
Good Distribution Practices for Bulk Pharmaceutical Excipients, formed at the request of the
Excipients Expert Committee and responsible for the development of the draft proposal, was
global in makeup with volunteers from the United States, China, Germany, and Jordan.
Interested parties are encouraged to comment on this proposal. Please submit comments to C.
Sheehan at cxs@usp.org.
(GCPA: EXC: GCPS: C. Sheehan.)
Correspondence Number—C105260

Comment deadline: January 31, 2012
Add the following:
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GOOD DISTRIBUTION PRACTICES FOR BULK PHARMACEUTICAL EXCIPIENTS
SECTION 1. INTRODUCTION AND SCOPE
1.1 Introduction

Excipients are used in virtually all drug products and are essential to product performance and
quality. Typically, excipients are manufactured and supplied so that they comply with
compendial standards. The pharmaceutical excipient supply chain participants include
manufacturers, distributors, brokers, suppliers, traders, transporters, forwarding agents, and
repackagers. The quality of pharmaceutical excipients is affected by inadequate control of
activities including distribution, packaging, repackaging, labeling, and storage. Improper or
inadequately controlled trade and distribution practices can pose a significant risk to the quality
of pharmaceutical excipients and can increase the risk of contamination, cross-contamination,
adulteration, mix-ups, degradation, or changes in physical or chemical properties. To maintain
the original and intended quality, all participants in the excipient supply chain should carry out
their activities according to appropriate standards for good trade and distribution practices as
discussed in this chapter.
Note—The Appendix consists of definitions and acronyms.
1.2 Scope
This general information chapter provides recommendations for those activities and practices
that ensure good trade and distribution practices for pharmaceutical excipients in order to
ensure their intended quality. These activities and practices include quality management,
organization, documentation, premises, storage, equipment, stability, prevention of
adulteration, importation, packaging, repackaging, labeling, dispatch, transport, returned goods,
and compounding practices. In addition, personnel, authenticity of data, expiration dating,
retesting, complaints and recalls, handling of nonconforming materials, internal/external/thirdparty audits, quality agreements, shelf life, traceability, economically motivated adulteration,
and conformance to compendial monographs are included. The procedures outlined here are
applicable to all persons and manufacturers involved in the handling of pharmaceutical
excipients and apply to every step in the supply chain. This chapter covers all materials
designated as, or intended for use as pharmaceutical excipients, beginning with the point at
which the starting material is designated for pharmaceutical use.

PF 37(6): Nov.-Dec. 2011

109

1.3 General Considerations
Manufacturers, distributors, users, regulators, and consumers expect pharmaceutical excipients
to be manufactured, packed, stored, and transported in a manner that does not compromise
their suitability for use in medicinal products for human or veterinary use. Because they are
components of drug products, excipients are drugs within the meaning of the U.S. Federal
Food, Drug, and Cosmetic Act (FD&C Act), and thus the U.S. Food and Drug Administration
(FDA) definition of adulteration applies when an excipient is not fit for its intended use.
Excipients are a diverse group of materials. They can be of animal, mineral, synthetic, or
vegetable origin, and they include materials that are solids, liquids, or gases. Excipients can be
packed and transported in container sizes ranging from a few grams to a railroad tank car.
Because of their diverse nature and the number of ways in which excipients can be transported
from the manufacturing site through the supply chain to the ultimate site of use, this general
information chapter cannot provide exhaustive detail for specific materials and modes of
transport. Rather, this chapter provides general guidance about what is expected of those
people and organizations involved in the supply and distribution of pharmaceutical excipients
intended for use in the manufacture of pharmaceutical finished products. Hence, there are
instances when USP–NF chapters Good Manufacturing Practices for Bulk Pharmaceutical
Excipients

1078 , Bulk Pharmaceutical Excipients—Certificate of Analysis

1080 , and

Significant Change Guide for Bulk Pharmaceutical Excipients 1195 provide a more detailed
guide about what is expected in these specific areas.
Excipients also are used in a variety of industries. Although most drug substances typically are
made exclusively for use in pharmaceutical finished products, the pharmaceutical use of an
excipient may be only a small fraction of the total use of the material across all industries. This
complicates the regulation of both the manufacture and the supply of pharmaceutical
excipients. Excipients often are manufactured outside the United States, which further
complicates the regulation of the manufacture and the supply of pharmaceutical excipients.
Thus, all stages in the supply chain for the pharmaceutical excipient require transparency and
proper flow of the necessary information regarding the excipient shipment. In addition, to
ensure compliance with this chapter, suppliers of pharmaceutical excipients must follow all
applicable national, regional, and local laws and regulations.
1.4 Pharmaceutical-Grade Excipients
Pharmaceutical excipients must be prepared according to the recognized principles of good
manufacturing practices (GMPs) using ingredients that comply with specifications designed to
ensure that the resulting substances meet the requirements of the compendial monograph (see
General Notices 3.10 and chapter Good Manufacturing Practices for Bulk Pharmaceutical
Excipients 1078 ).
USP or NF standards apply to any excipient marketed in the United States that is recognized in
the compendium and is intended or labeled for use as an ingredient in a pharmaceutical
product. The applicable standard applies to such articles whether or not the added designation
“USP” or “NF” is used (see General Notices 3.10.10). An ingredient may include the designation
“USP” or “NF” in conjunction with its official title or elsewhere on the label only when a
monograph is provided in the compendium and the article complies with the monograph
standards and other applicable standards in the compendium including, but not limited to, the
principles of GMP manufacture (see General Notices 3.20).
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When USP- or NF-grade excipients are unavailable, manufacturers can use some other grades
such as food-grade materials, if they provide appropriate justification. The pharmaceutical
manufacturer/user is responsible for the development and confirmation of suitable quality tests,
procedures, and attributes to ensure that the material is appropriate for its intended use and
that manufacturing is carried out under GMPs or a quality management system that
demonstrates the same level of assurance of quality as that provided in USP (see 1078 ). It
is an unacceptable practice to upgrade technical- or industrial-grade material to
pharmaceutical-grade quality based only on analytical results that show compliance with the
requirements of a pharmacopeial monograph.
1.5 Authenticity of Data
In the United States, the responsibility for the quality of the components of a finished
pharmaceutical product lies with the organization that guarantees the quality of the finished
pharmaceutical product. Thus, an important consideration in the purchase and supply of a
pharmaceutical excipient is confirmation that the material is what it purports to be, that it
meets specifications, that it was manufactured under applicable GMPs, that it has not been
tampered with in any way before arriving at the site of intended use, and that it is fit for its
intended use. Certain paperwork should accompany all shipments of pharmaceutical excipients.
This paperwork should include a bona fide and legible copy of a Certificate of Analysis (COA)
(see Bulk Pharmaceutical Excipients—Certificate of Analysis 1080 ).
When they receive a COA, manufacturers should take appropriate steps to verify the
authenticity of the COA and the data contained therein. This has become particularly important
in recent years because of instances of adulteration of excipients intended for use in the
manufacture of pharmaceutical products. Steps to verify the authenticity of the COA should be
taken at all stages in the supply chain.
Data on the COA can be verified in a number of ways, but the excipient user is responsible for
confirming that the data are authentic by means of periodic verification of compliance with
established specifications as stated in 21 Code of Federal Regulations Part 211 (21 CFR 211;
see Current Good Manufacturing Practice For Finished Pharmaceuticals,
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=211,
http://www.fda.gov/downloads/AboutFDA/CentersOffices/CDER/UCM095852.txt). In addition,
other documents such as dispatch notes from previous stages in the supply chain can provide
further evidence of the pedigree of the excipient shipment. Such documents are termed
“pedigree documents”.1
This chapter may present additional challenges for certain excipient users, e.g., compounding
pharmacies. However, those who compound still are obliged to take all reasonable steps to
verify that excipients they receive are fit for their intended use. Part of this verification can
include an examination of pedigree documents and a signed certificate of conformance (COC)
from the suppliers. Information contained in the USP–NF monograph's labeling requirements,
FDA's Inactive Ingredient Database, and the CFR provide specific information about the
excipient's permitted use in FDA-approved products. All purchasers of pharmaceutical excipients
should establish written procedures for the verification of data and verification that the
excipient is fit for its intended purpose.
SECTION 2: QUALITY, ORGANIZATION, AND DOCUMENTATION
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2.1 Quality Management
A Quality Management System (QMS) is a tool by which all parties involved in the excipient
supply chain maintain the quality of the excipient. A documented quality policy is the
cornerstone of the QMS and formally describes the company's overall philosophy with regard to
quality as authorized by top or senior management. Additionally, an appropriate QMS should
include:
An organizational structure capable of supporting the elements of the quality policy
Documented procedures and relevant records that demonstrate that a product will meet
established quality criteria. This is commonly known as quality assurance (QA)
Established procedures for approving suppliers of starting materials and verifying that
they continue to meet agreed-upon requirements
A material-release testing procedure to confirm the quality of excipients for their
intended purpose(s).
Manufacturers should prepare a Quality Manual. The Quality Manual describes the elements of
the QMS and includes the quality organizational structure, written policies, procedures, and
processes or references to them, and a description of departmental functions as they relate to
the policies, procedures, and processes (see Section 2.3 Documentation Requirements). In
implementing the QMS, companies must ensure that adequate qualified personnel are available
to carry out the actions called for in the QMS and must avoid giving any one individual such
extensive responsibilities that quality could be at risk.
COC to quality systems such as applicable International Organization for Standardization (ISO)
guides or hazard analysis and critical control point (HACCP) analyses are not mandatory but
provide assurance that products are produced and handled appropriately. However,
certification to these quality systems should not be viewed as a substitute for the information
contained in this chapter. In addition, internal audits should be conducted at regular intervals
to confirm compliance with GMP (as applicable) and good distribution practices (GDP), and
manufacturers should seek opportunities for improvement (see Section 2.7 Audits: Internal,
External, and Third-Party).
All parties involved in the excipient supply chain share responsibility for the quality and safety
of pharmaceutical excipients. These responsibilities should be delineated in a quality agreement
between parties in the supply chain (see Section 2.9 Quality Agreements). All parties and their
activities in the supply chain should be documented, and records should be maintained
according to written procedures that ensure the traceability of all products acquired and
distributed. All members of the supply chain have an obligation to protect excipients in their
custody from deliberate economically motivated adulteration or deliberate introduction of
foreign materials that could compromise the quality or performance of the excipient or
adversely affect human or animal health.
2.2 Organization and Personnel
The organizational structure should be adequate and sufficiently staffed, and workers should be
appropriately authorized for the activities they conduct. An organizational chart should
delineate the responsibilities and interrelationships of personnel. Management ultimately is
responsible for implementation of GDPs and on-going verification that the QMS is maintaining
the intended excipient quality.
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Individuals within the company should have clearly defined responsibilities that are documented
in writing. All individuals should understand their responsibilities and should be suitably qualified
to perform their assigned duties. Their qualifications should be assessed for adequacy for their
responsibilities and should be documented. Qualifications can include a combination of formal
education, training, and experience. This also extends to any contracted service providers.
Procedures should be in place to ensure that permanent, temporary, and contract employees
minimize the possibility that unauthorized individuals will handle products.
An employee at each supply chain site should be designated and given the authority and
responsibility for the implementation and maintenance of the QMS. The designated employee
should have sufficient authority, qualifications, and resources to perform this function, as well
as to identify and correct deviations from the QMS. Management and other personnel must not
be subject to conflicts of interest or other pressures that could have an adverse effect on their
ability to perform their duties related to product quality.
Staff should be aware of the principles of GDP included in this chapter and should receive
regular, on-going training relevant to their responsibilities and to general quality principles. All
training should be conducted according to a written training plan, and records of this training
should be maintained. Personnel who have special duties such as handling hazardous materials
or supervising activities required by local legislation may require additional training, including
specific hazard management. Effectiveness of training should be verified regularly.
Personnel working with open product must understand and maintain good hygiene, health, and
sanitation practices. Staff should use appropriate, nonshedding, protective apparel that will
protect the product from the sampler as well as the sampler from the hazards of the product.
Established procedures should eliminate the potential for product contamination by personal
items such as jewelry, food, drink, or tobacco products. Written procedures that address
hygiene, health, sanitation, and protective apparel should be in place.
Each supply channel party should have in place disciplinary procedures to address situations
when personnel involved in the handling of products are suspected of or are implicated in
inappropriate or illegal activities.
Some quality-related duties may be contracted to third parties, persons, or entities outside of
the direct employ of the supplier. The delegation of these activities should be documented in a
quality agreement or contract with the third party, and the organization should confirm
compliance with the principles of GDP by conducting periodic on-site audits of these third
parties. Delegation to a third party does not remove the organization's overall responsibilities
for these activities.
2.3 Documentation Requirements
2.3.1 GENERAL
Organizations should have in place a system to control documents and data that relate to the
requirements of the QMS.
2.3.2 QUALITY MANUAL
Organizations also should maintain a quality manual that describes the QMS, the quality policy,
and the company's commitment to applying the appropriate GDP and quality management
standards contained in this chapter. This manual should include the scope of the QMS,
reference(s) to supporting procedures, and a description of the interaction between quality
management processes.
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2.3.3 DOCUMENT CONTROL
Procedures for the identification, collection, indexing, filing, storage, withdrawal, archiving,
maintenance, and disposition of controlled documents, including documents of external origin
that are part of the QMS, should be established and maintained. Procedures used for the
handling and distribution of excipients should be documented, implemented, and maintained. In
addition, organizations should establish formal controls relating to procedure approval, revision,
and distribution. These controls should provide assurance that the current version of a
procedure is used throughout the operational areas and that previous revisions of documents
have been removed or withdrawn.
Designated qualified personnel should review documents and subsequent changes to the
documents before the latter are issued to the appropriate areas. Documents that influence
product quality should be reviewed and approved by the quality unit. Controlled documents may
include a unique identifier, date of issue, and revision number to facilitate identification of the
most recent document. The department with the responsibility for issuing the documents should
be identified. The reasons for changes and the implementation date should be documented.
Electronic documentation should meet the requirements stated above for the document control
system. If electronic signatures are used, they should be controlled to provide security
equivalent to that given by a hand-written signature. Electronic documents and signatures also
may need to satisfy local regulatory requirements.
2.3.4 CONTROL OF RECORDS
Procedures for the identification, collection, indexing, filing, storage, maintenance, and
disposition of records should be established and maintained. Records should be maintained to
demonstrate achievement of the required quality and the effective operation of the QMS.
Records should be legible and clearly linked with the product or process involved. Pertinent
third-party quality data also should be an element of these records.
Entries in records should be clear and indelible and should be made directly after the person
performs the activity and then should be signed and dated by the person who made the entry.
Corrections to entries should be signed and dated, leaving the original entry legible and with an
explanation for the change, especially if this may not be obvious to subsequent reviewers.
Records should be kept for a defined period that is appropriate for the excipient, its use, and its
retest or re-evaluation date. Records should be stored and maintained in such a manner that
they are readily retrievable and in facilities that provide a suitable environment to minimize
deterioration or damage. Electronic records and automated data-capture systems should meet
the requirements for controlled records as stated above.
2.3.5 CHANGE CONTROL
Procedures to evaluate and approve all changes, including evaluating the impact of the change
on the quality of the excipient, should be established and maintained, for example, changes to:
Authorized excipient manufacturer or packaging material supplier
Manufacturing or packaging sites
Excipient or packaging material specifications
Test methods and laboratory
Repackaging, labeling, and storage equipment
Analytical equipment
Repackaging, labeling, and storage processes
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Process and equipment changes at the original excipient manufacturer's site (see
Significant Change Guide for Bulk Pharmaceutical Excipients

1195 ).

An independent QA group should have the responsibility and authority for the final approval of
any changes. The QA group may be part of another operational unit such as regulatory affairs
or research and development.
Customers and, if applicable, regulatory authorities (e.g., those responsible for drug master files
or certificates of suitability to the European Pharmacopoeia) should be notified of significant
changes to established production and process control procedures that could affect excipient
quality. The original manufacturer and downstream intermediaries (distributors and traders)
should have excipient change control agreements in place defining the extent of notification by
the original manufacturer in case of a change as described above. Each of the handling parties
within the supply chain should have change control agreements to ensure that changes from
the original excipient manufacturer are communicated to the end user. This change control
agreement is part of the overall contractual agreements between the parties.
2.4 Complaints and Deviations
Customer complaints and information about possible defects should be systematically
documented and investigated based on a written procedure with assigned responsibilities that
describes the action that will be taken and includes the criteria on which a decision to recall a
product should be based. Investigations should be formally conducted and written up in a
timely manner to establish if the complaint is justified, to identify the origin or reason for the
complaint (e.g., the repackaging procedure, the original manufacturing process, etc.), to
identify root cause(s), to define any initial and follow-up action(s), and the method of
communication (e.g., to the customer, original excipient manufacturer, authorities, etc.).
Complaint records should be retained and regularly evaluated for trends, frequency, and
criticality in order to identify possibly needed corrective or preventive actions.
Investigations should identify whether the reported defect is limited to a single batch of
material or if other batches must be investigated. If additional batches are implicated, they
should be identified and labeled accordingly (e.g., “under quarantine”). As necessary,
appropriate follow-up action, possibly including a recall (as outlined in Section 2.5 Recalls),
should be taken after investigation and evaluation of the complaint. Confirmed serious problems
related to product quality (e.g., faulty manufacturing, packaging, or product deterioration)
should be communicated upstream to the manufacturer and downstream to customer(s) in case
they received material with the same batch number. A similar process should be implemented
for the handling of deviations and product defects not identified by a customer complaint.
2.5 Recalls
Those involved in the excipient supply chain should have a system for recalling promptly and
effectively any materials known or suspected to be defective. Entities involved in the supply
chain should implement written procedures to manage excipient recall (retrieval) in a timely
manner. The procedures should:
Describe how the process of recall (retrieval) should be managed based on the risk
involved
Describe a decision-making process with defined responsibilities
Define the functions involved in the process (e.g., QA, sales, logistics, senior
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management, competent authorities, etc.)
Define the communication process and documentation to parties within the supply
channel as well as to regulatory authorities
Define the steps needed to retrieve the material.
If the original excipient manufacturer does not initiate a recall, it should be informed of the
recall. Entities in the supply change should have written procedures for the organization of any
recall activity, and these should be regularly checked and updated. All recalled materials should
be stored in a secure, segregated (quarantined) area while their disposition is decided. In the
event of serious or potentially life-threatening situations, all customers and competent
authorities in all countries to which an excipient potentially was distributed should be promptly
informed of any intention to recall the excipient. All records should be readily available to the
designated person(s) responsible for recalls. These records should contain sufficient information
about materials supplied to customers (including exported materials). At regular intervals, QA
groups in supply-chain organizations should evaluate the effectiveness of recall arrangements.
2.6 Handling of Nonconforming Materials
Nonconforming materials should be handled in accordance with a procedure that will prevent
their inadvertent introduction or reintroduction into the market. They should be stored
separately, either physically separated or under electronic control, to prevent their inadvertent
introduction into commerce. Firms that conduct recalls should maintain records covering all
activities, including destruction, disposal, return, and reclassification, and should perform an
investigation to establish whether any other batches also are affected. They should document
the investigation and actions taken to prevent recurrence of the problem. As necessary, firms
should take corrective measures. Procedures should exist for the evaluation and subsequent
disposition of nonconforming products, and the disposition of the material, including
downgrading to other suitable purposes, should be documented. Nonconforming materials should
never be blended with materials that comply with specifications.
2.7 Audits: Internal, External, and Third-Party
To verify compliance with the principles of GDP for pharmaceutical excipients, firms in the
excipient supply chain should perform regularly scheduled internal audits in accordance with
approved procedures. Firms should document audit findings and corrective actions and ensure
that they are brought to the attention of responsible management. Accepted corrective
actions should be completed in a timely and effective manner and should be conducted by
designated, qualified individuals. Qualified individuals may be employees of the company, but
they must be sufficiently removed from the function under audit so that their independence is
not compromised.
Firms should perform external audits in accordance with approved procedures and schedules to
assess the capability of suppliers to meet requirements for a product or service, as specified. A
response to a questionnaire is not a substitute for an audit. Independent auditing organizations
can perform third-party audits to determine the level of compliance or conformance to specified
standards and regulations (e.g., GMP, GDP, and ISO).
2.8 Contract Activities
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Any GDP-related activity that is delegated to another party should be agreed upon in writing in
an approved contract with clearly defined responsibilities. The contract should clearly establish
which party is responsible for each applicable quality activity. Before entering into an
agreement, the contract giver should evaluate the proposed contract acceptor's compliance
with GDP as described in this general chapter. The evaluation should include an initial on-site
audit of the contract acceptor's premises and quality system, giving special consideration to
the prevention of cross-contamination and maintaining traceability. The contract also should
include the responsibilities of the contract giver for measures to avoid the entrance of
counterfeit or adulterated materials into the distribution chain.
There should be no gaps or unexplained lapses in the application of GDP. The contract acceptor
should conduct periodic on-site auditing of contracted distribution activities with regard to the
application of GDP by the contract giver. Subcontracting may be permissible under certain
conditions, subject to approval by the original contract giver, especially for activities such as
sampling, analysis, repacking, and labeling. If subcontracting occurs, the subcontractor should
conform to the same GDP standards as the primary contract giver. The subcontractor also
should permit an on-site audit by the contract acceptor's quality unit or its designee.2,3
2.9 Quality Agreements
Quality agreements are legally binding and are mutually negotiated between parties involved in
the supply chain for pharmaceutical excipients. The quality agreement identifies who is
responsible for certain quality activities and how quality issues will be resolved between the
parties. Although they are intended to address the parties' quality commitments, quality
agreements are not designed to take the place of an audit.
Suppliers should have in place quality agreements between themselves and the parties with
whom they do business. Original excipient manufacturers should have quality agreements in
place with their direct customers and authorized distributors of their products. Distributors
should also have agreements with end users and other parties in the supply chain to whom
they supply products. All entities in the supply chain should fully understand which entity is
responsible for the GDP-related activities (as outlined in this chapter) at each step in the
supply chain.
Quality agreements should address the quality systems requirements, but they are not intended
to list every element of the quality system. It is not necessary to reiterate agreement on every
point of the quality system when the parties state general agreement on the applicable quality
standard. Quality responsibilities included in a quality agreement should be those that may
require action by one or both parties to the agreement.
A key element that must be defined in the quality agreement is the communication pathways
and timing for quality events. Parties must be clear about their responsibility for notifying the
next party in the supply channel and for notifying the applicable regulatory authorities in the
case of a significant quality event. Many times a decision about who should notify the
regulatory authority is a collaborative effort between the parties. Depending on the issue's
impact, the timing of these notifications relative to the time of the incident should be specified
within the quality agreement.
Both parties to the agreement are responsible for ensuring that the quality agreement is
maintained as an accurate document throughout the life of the business relationship. Revisions
to this document may be needed as regulatory requirements change, new products are
supplied, or a new material risk arises. The parties should maintain a history of the revisions to
the quality agreement.
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SECTION 3: PREMISES, STORAGE, REPACKAGING, AND STABILITY
3.1 Buildings and Facilities
Organizations should establish operating procedures for the use of buildings and facilities,
including the areas discussed below, and firms should consider protective measures to ensure
the security of the grounds (e.g., fencing or perimeter walls).
The buildings and facilities used in the storage and handling of excipients should restrict access
to allow entrance only by authorized persons to areas used for the manufacture, packaging,
and holding. Organizations should take precautions to prevent unauthorized persons from
entering limited-access areas. When the status of excipients requires protection from use (e.g.,
quarantine), organizations must have clearly marked limited-access controls in place, or they
should use validated computerized systems to prevent material distribution before approved
release.
Buildings should be of adequate size and capacity to allow the orderly flow of materials, proper
storage and handling of materials, and appropriately controlled environmental conditions for the
final dispatch of excipients into and out of the premises. Buildings should be maintained in a
good state of repair. The construction materials must be easily cleanable and maintained, and
buildings and facilities should be designed to prevent cross-contamination, product mix-ups, or
the accumulation of filth or contaminating materials, particularly when excipients are exposed
to the environment. Adequate storage space must be available for excipients that are highly
sensitizing or toxic, and dedicated facilities may be necessary. Adequate procedures should be
in place to ensure the cleaning, maintenance, and use of buildings and facilities.
Receiving and dispatch bays should be designed to protect the facilities and excipients during
loading and unloading during adverse weather conditions. Incoming bay areas should be
designed and equipped to allow containers to be cleaned before storage. A pest-control system
should be in place to ensure that materials are protected from infestation by insects, rodents,
animals, birds, or other vermin. There should be written procedures defining the adequate
holding and storage of excipients, including pest-control processes. The pest-control materials
must be safe and must be known not to cause contamination. Approved pesticides,
insecticides, and rodenticides should be used and documented. Excipients that may contain
contamination must be controlled to prevent cross-contamination in holding areas or the spread
of contamination to other areas of the facility.
3.2 Warehousing and Storage
Written procedures should describe the receipt, storage, dispatch, and other handling of
excipients, as well as the security measures necessary to prevent theft of materials or the
introduction of counterfeit or adulterated materials into the supply chain. Buildings should be
adequately lighted and should have proper utilities for the intended activities. They should be
dry and controlled to appropriate environmental conditions. Buildings and facilities should store
excipients in the proper environmental conditions. Temperature-controlled and -monitored
storage should be available as required for any building used for holding excipients.
Warehousing and storage conditions for excipients should comply with the monograph
specifications, as reflected in the excipient's container label. When specific storage conditions
are required for excipients (e.g., temperature and humidity control), they should be provided in
a controlled manner, monitored (e.g., by an alarm system or manual control), and recorded.
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Any automated system(s) used to monitor the environmental conditions for areas where
excipients are handled or stored must be validated. An approved document should indicate the
location of each environmental monitoring device and the condition(s) it monitors. The locations
for these devices or probes should reflect the extreme environmental conditions of the space
as determined by an environmental mapping exercise. Excipients that present risks such as fire
or explosion should be stored in safe, dedicated areas. Excipients that are sensitizing or toxic
should be adequately and appropriately segregated, and warehouse and storage areas should
be routinely cleaned, appropriately maintained, and free of pests.
Excipients should be stored in a manner that permits cleaning of the storage area and
movement of materials. Pallets used to hold materials should not cause contamination, and
required pallet quality and construction materials should be defined in writing. Pallets should be
clean and in a good state of repair, and firms should appropriately track supplies to ensure
adequate treatment of the wood materials. Wood pallets, if used, should comply with import
requirements.
Organizations should have in place written procedures to ensure that the excipient will be
supplied within its expiry or retest period and should have adequate controls to prevent the
distribution of expired excipients. If no expiry date is applicable, the first-in-first-out principle
should be used. Rejected excipients and other materials related to excipient quality (e.g.,
packaging components) should be so labeled or identified, and controls such as physical or
electronic separation should prevent their use pending final disposition. During the warehousing
or storage of excipients, any known broken or damaged containers should be withdrawn from
usable stock, and the containers should be handled as rejected materials.
Materials quarantined pending a release decision should be labeled or identified (e.g.,
electronically) to prevent unauthorized use. These materials should be held from use, and
written procedures should guide final disposition. There should be written procedures for the
cleanup of any spillage to ensure complete removal of any risk of contamination.
3.2.1 ENVIRONMENTAL CONTROLS
When excipients require specific storage conditions to preserve their integrity and quality during
the retest/re-evaluation or expiry interval, the storage conditions required should be stated on
the label, labeling, or other literature, e.g., the Excipient Information Package4 or COA.
Distributors should follow the information and requirements for environmental controls provided
by the manufacturer and should provide appropriate controls and monitoring to ensure
adherence to the stated storage conditions with appropriate documentation. Distributors also
should maintain records to indicate the excipient was stored according to the manufacturer's
recommendations and should conduct regular assessments to confirm that designated
conditions are met.
If the manufacturer does not indicate specific storage conditions, the distributor should ensure
that proper storage conditions are maintained to protect the packaging and labeling.
Uncontrolled warehousing conditions vary with geographical location, particularly with latitude.
If the excipient is shipped to geographical locations that have storage conditions well outside
the conditions used in the manufacturer's stability study or justification for the absence of
special storage conditions, then additional studies may be required to show stability at the new
conditions. A warehouse-monitoring program should be established if the effects of the new
environmental conditions are not known.
Outdoor storage of excipients (for example, bulk materials, flammable materials, acids, or other
corrosive substances) is acceptable provided the containers give suitable protection against
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deterioration or contamination of their contents, identifying labels remain legible, discharge
ports have adequate protective closures, and the exteriors of moveable containers are
adequately cleaned before opening and use.
3.3 Equipment
Equipment used in bulk transport, repackaging, labeling, testing, or storage of the excipient
should be maintained in a good state of repair and should be of suitable size, construction, and
location to facilitate cleaning, maintenance, and correct operation. Equipment should be
verified before use to ensure that it is constructed, installed, and functioning as required for
the excipient. When equipment is located outdoors, there should be suitable controls (e.g.,
closed systems or protective encasements) to minimize environmental risks to excipient quality.
When possible, dedicated equipment (e.g., bulk trucks, packaging equipment, storage tanks,
pipework, hoses, and pumps) should be used in direct contact with the excipient. When nondedicated equipment is used in direct contact with the excipient, validated cleaning procedures
should be applied. A restricted prior-cargo list should be supplied to transport companies in
case non-dedicated bulk transport equipment is used. Quality-critical measuring equipment and
balances for the handling and testing of the excipient should be of appropriate range and
precision. Such equipment should be identified.
3.3.1 EQUIPMENT CONSTRUCTION
Equipment in contact with an excipient should be constructed so that contact surfaces are not
reactive, additive, or absorptive and thus do not alter the quality of the excipient. Substances
required for operation, such as lubricants or coolants, preferably should not come into contact
with excipients and packaging materials. When contact is possible, distributors should use
materials of suitable quality that will not affect product quality. The choice of such materials
should be justified.
Equipment should be designed to minimize the possibility of contamination from the environment
and direct operator contact during activities such as unloading bulk trucks, use of transfer
hoses (particularly those used for transfer of excipients), sampling, repackaging, and cleaning.
Distributors should consider the sanitary design of equipment in contact with excipients. They
should assess the suitability and integrity of seals in order to minimize the risk of contamination.
Piping should be appropriately labeled to indicate the content and direction of flow.
3.3.2 EQUIPMENT MAINTENANCE
Documented procedures should be established and followed for maintenance of critical
equipment used in the repackaging, labeling, testing, or storage of the excipient. Distributors
should maintain records (e.g., logs, computer databases, or other appropriate documentation)
of quality-critical equipment use and maintenance. Defective equipment should be removed or
appropriately labeled to avoid misuse.
Quality-critical measuring equipment and balances should be controlled on a scheduled basis.
This control should include:
Calibration of instruments or other appropriate verification at suitable intervals,
according to an established documented program
Establishment of the equipment's limits of accuracy and precision
Provisions for remedial action in the event that accuracy or precision requirements are
not met.
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Calibration standards should be traceable to recognized national or compendial standards as
appropriate. Instruments and equipment that do not meet established specifications should not
be used, and an investigation should be conducted to determine the validity of the previous
results since the last successful calibration. The current calibration or verification status of
quality-critical equipment should be known to users and should be verifiable.
3.3.3 EQUIPMENT CLEANING
Cleaning equipment should be chosen and used so that it cannot be a source of contamination.
Cleaning materials should be appropriate for the task, and their selection should be justified.
Rotation of sanitizing and cleaning agents should be considered where appropriate. In order to
avoid contamination with cleaning products or products previously processed in the equipment,
written cleaning procedures should be established for equipment that comes in contact with
the excipient. Cleaning procedures should contain sufficient detail to allow cleaning in a
reproducible and effective manner. Cleaning and sanitation processes should be recorded, and
evidence of their effectiveness should be provided, for example, by:
Testing the final rinse after cleaning for residues of the previous product
Checking the equipment after cleaning for residues of the previous product
Testing each batch for residues of the previous product handled with the same
equipment.
3.4 Sampling, Repackaging, and Labeling
To minimize risks associated with repackaging and labeling, appropriate GMPs should be applied
(see Good Manufacturing Practices for Bulk Pharmaceutical Excipients 1078 ). For
completeness, certain key activities and the necessary precautions are discussed below.
3.4.1 BLENDING, REPACKAGING, AND LABELING
Operations such as combining sublots into a homogeneous batch, repackaging, or labeling are
manufacturing processes, and therefore distributors should follow appropriate GMPs (see

1078

):
Processes whereby the excipient's packaging is opened and the excipient is exposed to
the environment (for example, transferring excipient from one container to another,
including from bulk equipment to storage tanks/silos or from storage tanks/silos into
containers) are critical handling steps related to the integrity of the finished product. If
only the secondary packaging is modified, operators should take appropriate care to
maintain the integrity of the primary packaging and the excipient.
Excipients may degrade because of exposure to the repackaging atmosphere (e.g.,
oxygen, humidity, light, and temperature).
Excipients can be contaminated by foreign matter such as lubricants, cleaning materials,
or other substances.
Transparency to the customer that re-labeling, with or without opening the original
excipient manufacturer's packaging, has occurred is critical to representation of the
product quality and suitability for use.
Transparency to the customer of data sources listed on certification documentation
(labeling) is critical to representation of the product quality and suitability for use.
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3.4.2 REPACKAGING AND LABELING BATCHES
Staff in the excipient supply chain should give special attention to the following points:
All repackaging and labeling requirements should be defined in written procedures.
Contamination, cross-contamination, and mix-ups should be avoided by the use of
suitable equipment and cleaning procedures and with adequate labeling.
Environmental conditions and repackaging procedures should be designed to avoid
contamination and to maintain the integrity of the excipient during repackaging and
labeling.
Operators should consider the use of filtered air in the repackaging area if necessary for
the product. The standard of filtration should be justified.
Labels should be printed using a controlled process (see Section 3.4.9 Repackaging and
Labeling).
Personnel involved in repackaging processes should wear clean protective apparel such
as head, face, hand, and arm coverings, as necessary, and should practice appropriate
personal hygiene (e.g., hand disinfection following health requirements, health
monitoring, and removal of jewelry). Personnel should be trained about special hygiene
requirements, and this training should be documented.
Repackaging areas should be cleaned and sanitized regularly.
Batch numbers should be assigned according to documented procedures. When staff assigns
new batch numbers, they should ensure traceability to original batch numbers by proper
documentation. Assigning one batch number to containers of different batches that comply
with the same specification is an unacceptable practice (see also Sections 3.4.3 Excipient
Batch Homogeneity and 3.4.4 Blended Excipients).
As part of the batch record, a copy of the information on the original labels should be
retained (e.g., a photocopy). A sample of the new label also should be kept.
All repackaging and labeling processes should be designed and carried out to avoid
commingling, contamination, and mix-up and to ensure full traceability of the excipients
back to the original excipient manufacturer and traceability downstream to the final
customer. Responsible personnel should sufficiently record every completed step, along
with the name of the operator and the date and time each step was completed, e.g., in
the master batch manufacturing record, or by means of computerized systems.
3.4.3 EXCIPIENT BATCH HOMOGENEITY
Mixing to form a homogeneous batch is a manufacturing step and should be defined in a written
procedure. A batch can be homogenous only when conforming materials are thoroughly mixed.
The conformity of each batch with its specification should be confirmed before it is added.
Mixing should always be controlled, and homogeneity should be verified and documented (see
Good Manufacturing Practices for Bulk Pharmaceutical Excipients 1078 ). Blending of batches
or lots of excipients that individually do not conform to specifications with other lots that do
conform (in an attempt to salvage or hide adulterated or expired material) is not an acceptable
practice. Only excipients from the same manufacturing site received by a distributor and shown
to conform to the same specifications can be mixed. The customer should be informed that the
material supplied is a mixture of the manufacturer's batches.
3.4.4. BLENDED EXCIPIENTS
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The blending process should be verified to ensure that it does not influence the quality of the
excipient. The blended excipient should be tested to ensure conformance to the specification
and to provide data for the COA (see Significant Change Guide for Bulk Pharmaceutical
Excipients 1195 ). Under certain circumstances and with appropriate controls, a COC can be
used if the basis for the claim of conformity is traceable within the document. The blended
batch referred to in the new certification document should be traceable to all the original
certification documents and batch numbers (see

1078 ).

3.4.5 CERTIFICATES OF ANALYSIS
The original excipient manufacturer's COA should be retained and made available to the user on
request. The batch referred to in the COA delivered to the end user should be traceable to the
original excipient manufacturer's COA. Quality documents accompanying deliveries should be
subject to an agreement between the distributor and the final customer. For retesting,
analytical methods of the original excipient manufacturer or pharmacopeial methods should be
applied. When other methods are applied, these should be agreed upon by both parties.
3.4.6 CONTAINER–CLOSURE SYSTEMS
For repackaged material, the repackager is responsible for justifying the shelf life and
repackaging conditions. The original manufacturer and the distributer should share information
and agree about repackaging conditions and primary packaging materials. They should establish
primary container–closure system material and packaging configuration specifications, and they
should develop a written procedure that clearly defines packaging for each individual excipient
based on its stability.
If the same types of primary container–closure system and packaging configuration are used for
repackaging, then the new container–closure system and packaging configuration should be
equivalent to that used by the original excipient manufacturer. The repackager and distributor
should consider exposure of the excipient to the repackaging environment, and both can rely on
the manufacturer's stability evaluation and thus assign the same shelf life for the excipient.
When the repackager's primary container–closure system's packaging configuration differs
significantly from that of the original manufacturer (e.g., in terms of desiccants, permeability of
the protective barrier layer (which may be either the primary or secondary container–closure
system, or the head space), the repackager must demonstrate that the new system is
adequate to protect the excipient from contamination and deterioration for the shelf life (retest
or expiration period) defined by the excipient manufacturer. Otherwise, the shelf life defined by
the manufacturer cannot be transferred to the repackaged material. The need for stability
studies should be confirmed (see Sections 3.4.14 Stability and Expiration Dates and 3.5
Retesting and Shelf Life).
The container–closure system for the pharmaceutical excipient should protect the material from
the time of packaging until its final use by the drug product manufacturer. The container–
closure system should be designed to help prevent theft or adulteration by counterfeiting.
Storage and handling procedures should protect containers and closures and minimize the risk
of contamination, damage or deterioration, and mix-ups (e.g., between containers that have
different specifications but are similar in appearance).
3.4.7 RETURNED AND REUSED CONTAINERS
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Returned containers may have unknown residues from uses other than the intended one.
Therefore, use of new containers is recommended for excipients. If containers are reused, a
rationale for the extent of cleaning should be justified and documented for specific excipients
and different types of containers. Repackagers should collect evidence that the quality of the
material packed is not adversely affected by reuse of containers.
Distributors and customers should have an agreement defining the specific conditions for reuse
(e.g., handling, sealing, and cleaning). If returnable excipient containers are reused, all previous
labeling should be removed or obliterated.
3.4.8 ENVIRONMENTAL CONTROLS
Environmental controls should ensure that temperature, humidity, and cleanliness of air and
equipment are appropriate to avoid any contamination to or deterioration of the excipient. The
necessary environmental conditions for the repackaging of each excipient should be defined.
Environmental control is a specialist subject, and experts should be consulted (see also Section
2.6 Handling of Nonconforming Materials).
3.4.9 REPACKAGING AND LABELING
Repackagers should implement procedures to ensure that the correct quantity of labels is
printed and issued and that labels contain the necessary information. Sufficient crosschecks
should be in place to ensure proper data transfer. Procedures should be in place to avoid
mislabeling, and printing and use of labels should be restricted. All labeling operations (e.g.,
generating, printing, storage, use, and destruction) should be recorded. Labeled containers
should be inspected, and surplus labels should be destroyed to avoid any misuse. If labels are
not printed immediately before each specific labeling operation, the security of the label stock
should be controlled, and access limitations should be defined. Repackaging and labeling
facilities should be inspected immediately before use to ensure that all materials that are not
required for the next repackaging operation have been removed.
3.4.10 REPACKAGED EXCIPIENTS—ACCOMPANYING DOCUMENTATION
Deliveries of repackaged excipients should be accompanied by information about the original
manufacturing site (name and address) and repackaging and labeling sites. This information
should be provided in the supplier certification documentation (e.g., COAs) or by other means
(see Section 4.8 Traceability). The supplier should provide this information to the customer via
official communications.
3.4.11 TESTING OF REPACKAGED EXCIPIENTS
Appropriate testing of repackaged excipients should be performed to demonstrate consistent
excipient quality. Testing to the complete monograph may not be necessary, but the recipient
should test defined key quality parameters that could be affected by the repackaging process.
Recipients should consider the manufacturer's recommendations for key quality parameters, and
until these tests have been performed the repackaged materials should be kept under
quarantine and should be identified as quarantined material. The materials should comply with
the defined specifications before they are released for distribution.
Excipient testing and release should be performed under the responsibility of the quality unit
and should conform to written specifications and analytical test requirements. Repackagers
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should ensure that test data are recorded and that results are evaluated before release of the
repackaged or transferred excipient.
The excipient cannot be upgraded as a result of any repackaging process. It is unacceptable to
upgrade nonpharmaceutical grades to pharmaceutical grades on the basis of conforming
analytical results, i.e., by testing to pharmacopeial standards. Pharmaceutical grades can be
achieved only when the excipient is originally produced and subsequently processed in
accordance with GMPs (see Good Manufacturing Practices for Bulk Pharmaceutical Excipients
1078 ).
3.4.12 OFFICIAL PHARMACOPEIAL METHODS FOR RETESTING
For control of key parameters during repackaging or full retesting of excipients, official
pharmacopeial methods or methods validated against the pharmacopeial methods should be
used. Otherwise, repackagers should use the original excipient manufacturer's analytical
methods. The methods used should be listed on the COA accompanying the excipient or should
be made available to the customer by other documents. These documents should also
reference any contract laboratory that is used to perform analyses. The COA should clearly
identify which tests have not been performed on the repackaged or transferred batch but have
been taken from the original manufacturer's COA.
3.4.13 SAMPLING
Excipient sampling must be done in a manner that prevents contamination, and dedicated
sampling areas with adequate environmental controls are necessary. Areas for sampling should
be designed to allow cleaning of the outside of the container before the container is opened.
Adequate cleaning procedures should be in place for the sampling areas. Sampling tools should
be dedicated to the sampling area and also to the specific material, or sampling tool cleaning
must be validated to ensure no cross-contamination from the tool.
Any container opened for sampling should be marked with the date and name of the person who
performs this operation. The amount of sample removed should be recorded.
If excipients are repackaged, processed, or packaged from bulk, retained samples
representative of the excipient batch should be kept for at least one year after the expiration
or re-evaluation date or for at least one year after distribution is complete, whichever is longer.
The minimum sample size should be based on the amount required to perform at least two
complete analyses. Sample storage conditions should prevent any contamination or
deterioration and should comply with the label storage conditions (see general information
chapter, Bulk Powder Sampling Procedures

1097 ).

3.4.14 STABILITY AND EXPIRATION DATES
Excipient stability and expiration dating of excipients are primarily the responsibility of the
original manufacturer. Whenever the original manufacturer's packaging is opened, the repacker
is responsible for providing evidence that the excipient manufacturer's stability and expiration
dating are still applicable.
If a distributor transfers an excipient to another container or repackages it, stability and shelf
life (retest or expiry period) should be taken into account. The type of container, primary
packaging materials, barrier packaging materials, packaging configuration, environmental
exposure during repackaging, and storage conditions at the repackaging site also should be
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taken into account when the shelf life (retest or expiry period) is defined. The recommended
expiration date provided by the original excipient manufacturer should not be extended without
demonstrating sufficient stability to justify extended shelf life (retest or expiry period). If shelf
life is extended beyond the original manufacturer's recommendation, the type of packaging,
storage conditions, and stability-indicating analytical data should be clearly defined, and the
repacker assumes the primary responsibility for the extension.
If special storage conditions (e.g., inert gas overlay, protection from light, heat, moisture, etc.)
are needed, the restrictions should be indicated on the new labeling (see Section 3.5 Retesting
and Shelf Life).
3.5 Retesting and Shelf Life
The organization's stated shelf life or retest/re-evaluation interval should be maintained for the
excipient. Expiration or shelf life dates indicate the period beyond which the excipient should
not be used or distributed. Retest/re-evaluation intervals indicate the period beyond which the
excipient must be evaluated to determine continuing acceptability for use. The expiration/shelf
life date provided by the original excipient manufacturer should not be extended without
documentation from the manufacturer demonstrating sufficient stability to justify an extended
shelf life. Such documentation should specify the type of container and storage conditions
necessary to make this claim, and the distributor should have documentation that the excipient
was stored in the stated container and under the necessary conditions.
Excipients without expiration, retest, re-evaluation, or shelf life dates should be accepted for
use only if the manufacturing date can be confirmed and only if the excipient has been held and
shipped under conditions that conform to the appropriate standards of GMP or GDP. Distribution
of the excipient beyond the retest/re-evaluation period should be done only in consultation
with the manufacturer and with the consent of the purchaser or recipient. If the distributor has
the capabilities for sampling and performing the manufacturer's specified evaluation, then the
distributor can perform the assessment. Sampled lots should be placed under quarantine to
prevent shipping during the evaluation.
Distributors who do have capabilities for sampling according to the manufacturer's instructions
but do not have testing or evaluation capabilities should send the samples to the manufacturer
or a qualified third-party laboratory for retesting/re-evaluation. Excipient lots that conform to
the manufacturer's criteria can be released from quarantine, and the distributor's supporting
evaluation data should accompany the original excipient manufacturer's data to indicate the
excipient's acceptability for use. If the distributor does not have the capability to sample or
evaluate the excipient, it should not be shipped to customers beyond the end of the retest/reevaluation interval. The excipient or a representative sample of the excipient can be returned
to the manufacturer or a third party for retesting/re-evaluation. The excipient can be held by
the distributor pending further results obtained from the representative sample.
If an excipient is transferred to another container or is repackaged by the distributor, the latter
must conduct an assessment of the stability of the excipient to determine if the original
excipient manufacturer's information can be carried forward. If the distributor uses the same
type of packaging material that provides the same packaged environment (headspace, surface
area, closure tightness, etc.) as that used by the original manufacturer and if the transfer or
repackaging is performed in a manner that protects the excipient from adverse environmental
effects that could affect the stability, then the original excipient manufacturer's shelf life/expiry
date or retest/re-evaluation interval can be carried forward. If primary packaging material or
barrier packaging material differs from the original excipient manufacturer's primary packaging
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material or if the packaged environment varies significantly, then an evaluation of the container
and its closure system should demonstrate that it is adequate to protect the excipient from
deterioration and contamination during the manufacturer's shelf life/expiry date or retest/reevaluation interval. Otherwise, a stability assessment is necessary to determine the appropriate
shelf life/expiry date or retest/re-evaluation interval for the repackaged excipient. Such
assessments should be conducted according to the manufacturer's specifications and test
methods.
3.6 Expiration Dates
Not all excipients have an expiration date, but if one is assigned it should be displayed on the
container and should show the period during which the excipient is expected to remain within
specifications if stored properly and after which it should not be used. It is established for
every batch by adding the shelf life to the date manufacturing began. The expiration date is
based on the type of container and storage conditions, so these parameters should be clearly
defined. If special storage conditions are needed (e.g., protection from light, oxygen, heat,
humidity, etc.), they should be indicated on the labeling because they could influence usability
through the expiration date.5
The expiration dates for excipients should be established by documented stability tests or longterm stability data (see Pharmaceutical Stability 1150 ). Occasionally, the expiration date
may be established by reference to historical data. Stability involves not only the compendial
requirements but also changes in performance properties. Excipient stability tests should
determine whether possible degradation, changes in molecular weight and distribution, moisture
gain or loss, viscosity changes, microbiological contamination, or other possible changes in
excipients could occur when the excipient is stored in a specific container–closure type at
specific storage conditions. Stability for repackaged excipients can be found under Section 3.5.
Retesting and Shelf Life.
3.7 Labels, Icons, and Labeling
3.7.1 LABELS AND ICONS
Label-generating systems and processes should be secure, controlled, and documented.
Appropriate verification records should be maintained, and each container should be
appropriately identified and labeled. Labels applied to individual small containers should be clear,
unambiguous, and permanently fixed in the company's established format. The information on
the label should be indelible. Alternative methods can be used for bulk containers/transport and
should be justified.
The label may include wording or depict icons to highlight storage and transportation handling
requirements and hazards (e.g., avoid dropping, maintain specified environmental conditions,
etc.). The use of symbols that are recognized by international organizations is recommended
(see Good Storage and Transportation Practices for Drug Products 1079 ). During
international distribution, the proper language(s) should be used to ensure that handlers
understand the requirements set forth on the label.
3.7.2 LABELING
The labeling (which includes both the label and any accompanying documents) should include
at least the following information:
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Name of the excipient, including grade and reference to pharmacopeia, as relevant
If applicable, the International Nonproprietary Name
Amount (weight or volume)
Batch number assigned by the original excipient manufacturer or the batch number
assigned by the repacker if the material has been repacked and relabeled
Retest date or expiry date (as applicable)
Any specified storage conditions, as applicable
Handling precautions, where necessary
Identification of the original manufacturing site as agreed with the pharmaceutical
customer (see Section 4.8 Traceability)
Name and contact details of the suppliers.
SECTION 4: RETURNED GOODS, DISPATCH, TRANSPORT, IMPORTATION, ADULTERATION,
AND TRACEABILITY
4.1 Returned Goods
4.1.1 GENERAL
Return of goods by users to suppliers should be reviewed on a case-by-case basis. The
distributor should facilitate a root cause analysis and investigation of complaints.
Note—Users should document the reason(s) for return of goods to the supplier.
Before returning the goods, if the user identifies unacceptable product quality the user should
provide the supplier with the user's supporting documentation, such as tests and investigation
results. If requested, the user also should provide product samples used for tests and
investigations. The supplier should be provided an opportunity to conduct thorough
investigations to confirm the validity of the user's quality complaint. While the investigation
proceeds, the user should quarantine the material in accordance with internal standard
operating procedures and should store the material in an area specifically designated for
returns, with limited access to operations, and well-separated from incoming or released raw
materials. The user should not reject the materials without supplier confirmation of quality
issues.
Goods returned by the user because of excess inventory or other causes unrelated to quality
can re-enter commerce within the specified shelf life, provided conditions of storage,
transportation, and container integrity have been thoroughly reviewed by the supplier and the
quality of the excipient has not been compromised in any way. A formal documented review of
each returned container and container tamper-evidence device should be done to verify that
these match the container configuration when the materials left the supplier's facility.
If the user opens a commercial packaging container for sampling or investigation (related or
unrelated to quality issues) and whether any material was taken out or not, each container
should be clearly labeled Opened. Written documentation should be provided to the supplier
confirming that the container(s) were opened and resealed according to GMPs and describing
the reasons for opening, amount withdrawn, and how the pack/container was resealed.
Documentation of returned goods should contain a detailed description of all such events
including repackaging. Returned excipient containers opened by the user should be clearly
identified as such and should not be released as pharmaceutical excipients. In exceptional
cases, the material can be released as excipient-grade product if a documented thorough
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investigation shows no risk of product contamination or deterioration. The quality department
should release this material.
Users and suppliers should maintain records of all returned goods, including the product name
(trade name and chemical name), batch or lot number, reason for the return, quantity returned,
and investigation documentation when applicable. In addition, the supplier should record the
final disposition of the material. If returned excipients have been held, stored, or shipped under
conditions that could compromise product quality (including ingredients, containers, or labeling),
the manufacturer should destroy the excipients. Exceptionally, manufacturers can release the
excipients if their examination, testing, and investigations prove that the material meets
suitable standards of identity, quality, and purity and that GMPs and GDPs have not been
compromised.
4.1.2 DISPOSITION OF RETURNED GOODS
The excipient manufacturer's quality unit should assess returned product. The options are:
Return to commerce
Regrade to a less stringent standard such as technical or industrial grade (non-GMP
use)
Destroy
Reprocess.
Only containers that have not been opened should be considered for return to commerce
without further action.
If the quality assessment of returned goods leads to their final destruction and if associated
batches are potentially implicated, an appropriate investigation should be conducted and
documented to show that the quality of the associated batches is not affected.
4.1.3 REPROCESSING
Returned goods may be reprocessed according to documented procedures approved in advance
by the quality unit. Written procedures should define conditions for holding, testing, and
acceptance of the material for reprocessing, as well as procedures for reprocessing, testing,
and release of reprocessed material. Reprocessed material should meet appropriate standards,
specifications, and characteristics and must be accompanied by a new COA that contains lot
number, test results, monograph compliance information, and new release and retest dates.
Manufacturers must clearly distinguish the reprocessed material in batch records that are
specific to the reprocessed batch, including a new batch or lot number and other appropriate
information. The reprocessing event need not be specified on the COA, but the original
excipient manufacturer is responsible for ensuring that the reprocessing is performed in
compliance with GMPs and that the material meets the established identity, quality, and purity
criteria before the material enters commerce. Documentation must establish that the
reprocessed material is at least as stable as the original material. Reprocessing is a
manufacturing step, and the requirements of Good Manufacturing Practices for Bulk
Pharmaceutical Excipients 1078 apply. The requirements of 1078
intermediate supply chain entities that undertake reprocessing.
4.2 Shipping and Transportation
4.2.1 SHIPPING

apply only to those
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The supplier (the manufacturer or distributor) of pharmaceutical excipients should ensure the
integrity of the pharmaceutical excipient is maintained by the appropriate storage and transport
conditions as described in product labeling. After training, staff should follow written procedures
for shipping pharmaceutical excipients. These procedures include the requirement to follow the
recommended storage and transportation requirements including temperature, humidity, or
other special handling precautions.
Actions should be documented when they are performed. Shipping records for pharmaceutical
excipients should provide for the following information:
Date of shipment
Name and address of the entity that accepted the materials for the transportation
Mode of transportation
Name, address, and status of the consignee
Material name
Quantity shipped
Batch number and expiry date
Required storage and transport conditions (refrigeration, freezing, or controlled room
temperature required)
Shipping code or identification number of the delivery order.
When regulatory actions such as FDA Field Alerts or drug product recalls occur, the excipient
handler must be prepared to act promptly. Shipping documentation must be sufficient to allow
adequate handling of any excipient associated with regulatory action. When reasonable, the
shipping schedule for excipients should be documented, and responsibilities can be enumerated
in a quality or collaborative agreement between entities to show ownership in the supply chain
(Entity A to Entity B; Entity B to Entity C; etc.—see Section 4.4 Packaging: Tamper-Evident
Seals). The buildings and facilities used to ship materials should be appropriate for their
intended use in the storage and handling of excipients (see Section 3.1 Buildings and Facilities).
Before loading materials, shippers should inspect the container and vehicle to ensure cleanliness
and other consignments (if the shipment is a part load) to ensure no form of contamination is
likely to occur. This inspection should be documented according to a written procedure.
Materials should not be offloaded into other containers or vehicles without the written
permission of the material owner or consignee.
4.2.2 TRANSPORTATION
Materials should be transported in a manner that will ensure the maintenance of controlled
conditions as specified by the manufacturer. The transport process should not adversely affect
the materials or integrity of the packaging. The supplier of transport services must be provided
with the required information in order to maintain specified conditions.
The pharmaceutical excipient manufacturer or supplier should agree with the purchaser for
arranging transportation. If temperature-controlled transportation is contracted, the shipper
must have a mechanism for noting and reporting temperature excursions. Labeling on containers
and transportation documents should detail the environmental conditions in a manner that
provides the transporter or receiver with knowledge and immediate identification of these
conditions, if required. The responsibility for ensuring that the proper storage conditions are
met rests with each entity that handles, stores, or transports the materials.
Pharmaceutical excipients should be stored and transported in such a way that the identity and
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integrity of the material are retained, the material does not contaminate and is not
contaminated by other materials, and adequate precautions are taken against spillage,
breakage, misappropriation, and theft. The required storage conditions for pharmaceutical
excipients should be maintained within acceptable limits during transportation.
Excipients that are potentially dangerous because of the risk of fire or explosion (e.g.,
combustible liquids, solids, and pressurized gases) should be stored and transported in safe,
dedicated, and secure areas, containers, and vehicles. In addition, applicable international
agreements and federal regulations should be followed.
4.3 Tampering or Damaged Materials
Materials that are suspected of being tampered with or damaged must be quarantined
immediately, and the manufacturer or distributor should be notified. The manufacturer or
supplier of excipients should ask the transporter to return the material to the site of shipment
origin if tampering or damage is suspected or confirmed. The supplier should make every effort
to prevent these materials from being used until an investigation is completed and the final
disposition of the material is determined. Written procedures should guide treatment of
excipients that have been tampered with or the identification and handling of damaged
material.
4.4 Packaging: Tamper-Evident Seals
A tamper-evident package has one or more indicators or barriers to entry that, if breached or
missing, can reasonably be expected to provide visible evidence that tampering has occurred.
To reduce the likelihood of successful tampering and to increase the likelihood that any breach
will be discovered, the package should be distinctive by design or should employ one or more
indicators of or barriers to entry. The term distinctive by design means that the packaging
cannot be duplicated with commonly available materials or by commonly available processes.
A tamper-evident package may involve an immediate container–closure system in direct
contact with the contents (primary packaging), a secondary container–closure system not in
direct contact with the contents (secondary packaging), or any combination of systems
intended to provide visual evidence of package integrity. For primary packaging in direct
contact with the excipient (e.g., paper bags), any leak or break should be considered
tampering even if the leak or tear is simply accidental damage.
Visual examination of the packaging at each stage in the supply chain should provide evidence
of repackaging or tampering with commercial packaging. In addition, the manufacturer's name
and address, net weight of the material, material name, batch or packaging number, date of
manufacture, and date of retest should be identified on a packaging label. The label should be
prominently placed on the package and should be unaffected if the tamper-evident feature of
the package is breached or missing.
The tamper-evident feature for excipient packaging should be designed so that it remains
intact when handled in a reasonable manner from the time of packaging at the site of
manufacture and throughout the supply chain—including but not limited to warehouse storage
during various phases of the supply chain, transport, distribution, receipt, and storage at the
user's facility until use for drug product manufacture.
The manufacturer should communicate tamper-evident features to the downstream members of
the supply chain. If the latter observe any evidence that the tamper-evident feature or other
part of the package has been compromised in any way, they should quarantine the material
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immediately and inform the supplier. Appropriate arrangements should be made with the supplier
to return the material promptly with a description of the packaging breach. The user should
ensure adequate protection of the breached packaging during shipment to the supplier and can
send photographs of the breached packaging to aid the supplier's investigation.
The supplier is responsible for the integrity of packaging, including but not limited to its tamperevident features, until ownership of the commercial packages is transferred to the user.
Material returned because of breach in packaging should be thoroughly reviewed and
investigated by the supplier. The material should not be returned to commerce until the supplier
has established that the integrity, identity, quality, purity, and safety of the excipient have not
been compromised. The documentation requirement should comply with GMP expectations as
well as elements of documentation and investigation suggested in Section 4.1 Returned Goods.
4.5 Where Ownership Begins
The excipient user is responsible for purchased materials throughout the supply chain. The
supply chain qualification is documented by audits and COAs for all parties involved in trade and
distribution of the materials. Such supply chain qualification and documentation supports the
Excipient Pedigree and ownership of the excipient. The pedigree includes documentation of
suitable excipient GMPs applied by the excipient manufacturer and suitable GDPs.
Ownership of the materials begins with the original excipient manufacturer and transfers to an
intermediary or customer according to agreed-upon terms for insurance costs, transportation,
and risk assumption. Such agreements are defined according to International Chamber of
Commerce terms (Incoterms).6 Incoterms are a series of international sales terms that are used
to divide transaction costs and responsibilities between buyer and seller and reflect state-ofthe-art transportation practices.
4.6 Adulteration and Economically Motivated Adulteration
4.6.1 ADULTERATION
Adulteration is defined in the FD&C Act and 21 CFR in Sections 501(a)(2)(B) and 501(b)7 and
21 CFR 211 for finished pharmaceuticals and Sections 402(a)(3) and (4)8 and 21 CFR 110 for
human food, respectively. These laws and regulations establish the minimum current GMP
(cGMP) necessary to prevent adulteration for food products and finished pharmaceuticals,
respectively. Excipients are derived from many sources, so end users must establish raw
material specifications to ensure suitability for the safety and efficacy of the final product.
Excipients for pharmaceutical use must be manufactured under appropriate GMPs and must
meet the required chemical and physical specifications. In addition to specifications, excipient
manufacturers and users have generally agreed quality attributes and limits defined by
regulatory agencies, common industry practices, and pharmacopeial expectations. Adulteration
or contamination of the products can be monitored and detected by many means including, but
not limited to, compliance with these predefined quality expectations.
Adulteration occurs when any possible contamination of a product takes place, e.g., from
foreign materials or undesirable microorganisms. The problem of adulteration can be addressed
by standard practices supporting cGMPs, such as HACCP, Standard Operating Procedures, and
staff training to control product safety and purity. This type of adulteration is the
unforeseeable and unintentional type that can be controlled and, at worst, detected before the
product leaves the manufacturer's site.
FDA specifies that a product can be considered adulterated when conditions may lead to
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adulteration because it is impossible to test every product for every conceivable contaminant.
The safety and purity of substances require that manufacturers should build quality controls
into the process rather than relying on QC testing.
4.6.2 ECONOMICALLY MOTIVATED ADULTERATION
Compared to simple adulteration, economically motivated adulteration is a much more significant
problem because it requires a willful and knowing violation of regulations and standards
designed to protect end user safety. It is the deliberate adulteration of an excipient for
economic gain. Economically motivated adulteration can occur when a lower-cost material is
substituted for a material of higher cost. Every participant in the supply chain should take all
reasonable precautions to prevent economically motivated adulteration.9
4.7 Importation
Excipients manufactured outside the United States are subject to US FDA and US Customs and
Border Protection (CBP) regulations for importation into the United States. The Bioterrorism Act
(Public Health Security and Bioterrorism Preparedness and Response Act of 2002, Title III—
Protecting Safety and Security of Food and Drug Supply)10 has further formalized the
requirements for importation of foods and drugs into the United States.
Overseas manufacturers of excipients used in drugs, food, and dietary supplements intended for
human or veterinary use who intend to export products into the United States are required to
follow the FDA, CBP, and Bioterrorism Act regulations. A streamlined process for the importation
of excipients used in pharmaceuticals, food, and dietary supplements must be followed and
implemented before the imports are allowed into the United States.
The manufacturing facilities and the manufacturers who produce the excipients should be
registered with FDA. An FDA registration number is required for importation. In addition, FDA
requires information about Prior Notice (PN) of Imports. Upon receipt of the information, FDA
grants a PN confirmation number. FDA must confirm PN before the products are shipped, and
the PN confirmation number must appear on the customs declaration that accompanies the
package. PN information can be submitted electronically to FDA's Prior Notice Systems
Interface (PNSI), a free Internet application that allows facilities to provide information
regarding the expected imports. PN information also can be submitted via CBP's Automated
Commercial System (ACS), a system that processes imports and obtains information needed to
make decisions regarding articles entering the United States.
CBP processes imports of all goods for entry into United States, including but not limited to
pharmaceuticals, food, and dietary supplements. CBP inspects but does not release products
regulated by the FD&C Act and delegates the final release responsibility at the port of entry to
the FDA for such materials. After reviewing the PN information, FDA may determine that the
regulated articles should not be allowed into the United States or may allow conditional import
of articles subject to testing and release at the port of entry. In addition, during FDA review at
the port the regulated articles must meet all requirements of the FD&C Act and 21 CFR before
they are released by FDA to the importer.
Importers of record (individuals or companies) for excipients can contract with a broker to
transmit PN information and other documents for them. In this case, the submitter is the person
responsible for providing the information, but the broker is the transmitter. Brokers are licensed
private individuals or companies regulated by CBP and who aid importers and exporters in
moving merchandise through CBP. Brokers provide the proper paperwork and payments to CBP
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for clients and charge a fee for this service. Before brokers apply for a license, they must pass
the customs broker examination.
FDA currently uses its Operational and Administrative System for Import Support (OASIS)11 for
making its admissibility determinations to ensure the safety, efficacy, and quality of the
foreign-origin products for which FDA has regulatory responsibility under the FD&C Act. OASIS
is integrated with CBP's ACS and FDA's PNSI systems to receive information related to imported
articles.
US Customs and FDA storage areas at the Port of Arrival may not strictly be in compliance with
storage conditions required for certain excipients. Importers of record and brokers who
represent importers must ensure that the products are released from Customs and FDA
inspection as soon as possible. If release is delayed, FDA generally allows removal by Customs
and FDA and quarantine in the importer's warehouse until release. FDA staff who review imports
at the port of entry are trained to understand that pharmaceutical excipients must be stored
under defined conditions. The manufacturer, the importer on record in the importing country,
and brokers have a responsibility in working with Customs and FDA staff to ensure that the
storage conditions do not adversely affect product quality during quarantine and review.
4.8 Traceability
4.8.1 TRACEABILITY
The pedigree of the excipient should be tracked from the manufacturer's storage through the
final delivery to customers by means of recorded identification. The entire supply chain should
provide full traceability (for example, via lot numbers and shipping documents) in order to allow
fast and efficient investigation of any quality issue or product recall. Every entity in the supply
chain also should take responsibility from the preceding supplier and pass the product to
subsequent intermediaries down to the end user. Therefore, the original excipient manufacturer
and subsequent handlers should always be traceable, and the information should be available
both downstream and upstream in the supply chain. All parties to the excipient supply chain
should ensure that the excipient is strictly handled according to GDP at every stage.
To ensure the integrity of the supply chain, intermediaries should use contracts, agreements,
inspections, and audits downstream and upstream to monitor compliance with GDP principles.
When multiple entities constitute the supply chain for each single batch of excipient, each
entity should provide its own supplier's certification documentation (see Appendix: Definitions
and Acronyms) that represents their manufacture or receipt of the excipient batch through
release to the subsequent entity. The total of each entity's supplier certification
documentation should represent the entire supply chain from original excipient manufacture
through use in the final drug product.
4.8.2 TRACEABILITY-RELATED DOCUMENTS
To ensure traceability, all entities in the supply chain should have clear definitions about the
shipping documents to be expected with every delivery. At a minimum the documents for every
delivery should provide the following information:
Name and grade of the excipient
Lot number(s) assigned by the original excipient manufacturer (see Section 3.4.2
Repackaging and Labeling Batches)
Quality and compliance data (e.g., COA) of the excipient
Origin of the excipient (manufacturer and manufacturing site)
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Original excipient COA(s) (see Section 3.4.5 Certificates of Analysis)
Entity and site of repackaging (when performed), including opening or relabeling the
original excipient manufacturer's packaging for any purpose
Date of shipment and carrier
Consignor and consignee.
A copy of the COA also should accompany the shipment (see Significant Change Guide for Bulk
Pharmaceutical Excipients

1195

and Bulk Pharmaceutical Excipients—Certificate of Analysis

1080 ).
In the event of repackaging from the original excipient manufacturer's package into another
container (including any breach or labeling that does not result in a new package), the identity
and address of the repackaging entity should be included in the shipping documents.
Additional data resulting from analyses conducted by entities other than the original excipient
manufacturer should be provided, along with a clear indication of the source. Quality
documents should facilitate traceability back to the manufacturer with contact information. The
COA issued by the manufacturer should indicate which results were obtained by testing the
original material and which results were obtained by other means. A distributor should not
change the original title and data of the COA or other quality documents. Whenever possible,
the original excipient manufacturer's documentation should be used, or data transcription
should be verified. The original manufacturing site should be identified on the COA.
If any lot mixing is carried out, COAs from manufacturers are no longer valid, and the distributor
should perform analyses in its own laboratory or at an approved and qualified contract
laboratory. The distributor should supply a COC, and if the blended lot has not been retested
the distributor should inform the customer that the material is a mixture of different original
excipient manufacturers' lots, provided that all other repackaging and storage activities are
carried out according to GDP.
SECTION 5: EXCIPIENTS USED IN PHARMACY COMPOUNDING
Pharmacy compounding is defined in USP general chapter Pharmaceutical Compounding—
Nonsterile Preparations 795 . In certain instances USP–NF handles compounded preparations
differently than commercially manufactured lots. For example, expiration dates are assigned to
commercially manufactured products, and beyond-use dates are assigned to compounded
preparations (see General Notices 10.40.100.1 Compounded Preparations). A similar situation is
needed for bulk pharmaceutical Excipients as not all excipients that are useful in compounding
are listed in official compendia (see Pharmaceutical Compounding—Nonsterile Preparations
795 ).
State boards of pharmacy regulate pharmacy compounding. USP standards are provided in
Pharmaceutical Compounding—Nonsterile Preparations
Sterile Preparations

795 , Pharmaceutical Compounding—

797 , and Quality Assurance in Pharmaceutical Compounding

1163 .

APPENDIX: DEFINITIONS AND ACRONYMS
Acceptance Criteria: The specifications and acceptance or rejection limits—such as
acceptable quality level or unacceptable quality level with an associated sampling plan—that
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are necessary for making a decision to accept or reject a lot or batch of raw material,
intermediate, packaging material, or excipient.
ACS: Automated Commercial System.
Adulterated Material: A material that either has been contaminated with a foreign material or
has not been manufactured using GMP. This does not pertain to a material that simply does not
meet physical or chemical specifications.
Audit: An assessment of a system or process to determine its compliance with the
requirements of a particular standard of operation. See also External, Internal, and Third-Party
Audit.
Batch (Lot): A defined quantity of excipient processed which can be expected to be
homogeneous. In a continuous process, a batch corresponds to a defined portion of the
production based on time or quantity (e.g., vessel's volume, one day's production, etc.).
Batch Number (Lot Number): A unique and distinctive combination of numbers and/or letters
from which the complete history of the manufacture, processing, packaging, coding, and
distribution of a batch can be determined.
Batch Process: A manufacturing process which produces the excipient from a discrete supply
of raw materials processed through discrete unit operations in one mass.
Batch Record: Documentation that provides a history of the manufacture of a batch of
excipient.
Blending (Mixing): Intermingling different conforming grades into a homogeneous lot.
Broker: An entity that acts as an intermediary between a buyer and a seller of products or
services. Brokers neither buy nor take possession of the products or services.
Calibration: The demonstration that a particular instrument or measuring device produces
results within specified limits by comparison with those produced by a reference or traceable
standard over an appropriate range of measurements.
CBP: Customs and Border Protection.
CEP (Certificate of Suitability to the European Pharmacopoeia): Certification granted to
individual manufacturers by the European Directorate for the Quality of Medicines when a
specific excipient or active ingredient is judged to be in conformity with a European
Pharmacopoeia monograph.
CFR: Code of Federal Regulations.
CFR (Cost and Freight, Named Destination): (Incoterm) Seller must pay the costs and
freight to bring the goods to the port of destination. However, risk is transferred to the buyer
once the goods have crossed the ship's rail (maritime transport only).
cGMP: Current good manufacturing practices.
CIF (Cost, Insurance, and Freight, Named Destination): (Incoterm) Same as CFR except
that the seller must, in addition, procure and pay for insurance for the buyer.
CIP (Carriage and Insurance Paid, Named Destination): (Incoterm) The containerized
transport or multimodal equivalent of CIF. Seller pays for carriage and insurance to the named
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destination, but risk passes when the goods are handed over to the first carrier.
Closed-Container Distributor (Pass-Through Distributor): A distributor who sells only
products that are tested, packaged, and sealed in the containers provided by the original
manufacturer.
Closed System: A system that is isolated from its surroundings by a boundary so that no
material can be transferred across it.
COA (Certificate of Analysis): A document that reports the results of a test of a
representative sample drawn from the batch of material that will be delivered.
COC (Certificate of Conformance): A document that certifies that the supplied goods or
service meets the required specifications. Also known as Certificate of Conformity and
Certificate of Compliance.
Commissioning: The introduction of equipment for use in a controlled manner.
Compounding: The preparation, mixing, assembling, altering, packaging, and labeling of a drug,
drug-delivery device, or device in accordance with a licensed practitioner's prescription,
medication order, or initiative based on the practitioner/patient/pharmacist/compounder
relationship in the course of professional practice (defined in USP general chapter
Pharmaceutical Compounding—Nonsterile Preparations

795 ).

Consignee/Consignor: Person or firm (usually the seller) who delivers a consignment to a
carrier for transportation to a consignee (usually the buyer) named in the transportation
documents.
Contamination: The undesired introduction of impurities of a chemical or microbiological nature
or foreign matter into or onto a raw material, intermediate, or excipient during production,
sampling, packaging or repackaging, storage, or transport.
Continuous Process: A manufacturing process that continually produces the excipient from a
continuous supply of raw material.
Contract Giver: A person or organization letting a contract.
Contract Acceptor: A person or organization accepting the terms of a contract and thereby
agreeing to carry out the work or provide the services as specified in the contract.
Critical: A process step, process condition, test requirement, or other relevant parameter or
item that must be controlled within predetermined criteria to ensure that the excipient meets
its specification.
Critical to Quality: See Quality, Critical.
Cross-Contamination: Contamination of a material or product with another material or
product.
Customer: The organization that receives the excipient once it has left the control of the
excipient manufacturer; includes brokers, agents, and users.
Deviation: Departure from an approved instruction or established standard.
Distributor: An entity that buys products from a manufacturer, takes possession of those
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products, and resells them to another party or parties. An essential characteristic of a
distributor is the order of these transactions. Distributors buy products (i.e., hold inventory)
before making sales.
Drug Master File (DMF): Detailed information about the manufacture of an excipient that is
submitted to the US FDA.
Drug (Medicinal) Product: The dosage form in the final immediate packaging intended for
marketing.
Drug Substance: Any substance or mixture of substances that is intended for use in the
manufacture of a drug product and that, when used in the production of a drug, becomes an
active ingredient of the drug product. Such substances are intended to furnish pharmacological
activity or other direct effect in the diagnosis, cure, mitigation, treatment, or prevention of
disease, or to affect the structure or any function of the body of humans or animals.
Economically Motivated Adulteration: The fraudulent, intentional substitution or addition of
a substance in a product for the purpose of increasing the apparent value of the product or
reducing the cost of its production for economic gain.
Electronic Signature: A computer data compilation of any symbol or series of symbols,
executed, adopted, or authorized by an individual and intended to be the legally binding
equivalent of the individual's handwritten signature.
Excipient: Any substance, other than the active pharmaceutical ingredient or drug product,
that has been appropriately evaluated for safety and is included in a drug delivery system to
aid the processing of the drug delivery system during manufacture; to protect, support, or
enhance stability, bioavailability, or patient acceptability; to assist in product identification; or
to enhance any other attribute of the overall safety and effectiveness of the drug delivery
system during storage or use.
Excipient Pedigree: Includes documentation of suitable excipient good manufacturing
practices applied by the excipient manufacturer and suitable good distribution practices. See
IPEC Excipient Pedigree White Paper.
External Audit: (See also Audit, Internal, and Third-Party Audit.) An audit carried out typically
on behalf of an excipient manufacturer's customer by a person or organization that is not the
manufacturer or the customer.
Expiry (Expiration) Date: The date designating the time during which the excipient is
expected to remain within specifications and after which it should not be used.
FCA (Free Carrier, Named Place): The seller hands over the goods, cleared for export, into
the custody of the first carrier (named by the buyer) at the named place. This term is suitable
for all modes of transport, including carriage by air, rail, road, and containerized/multimodal
transport (also called roll on–roll off).
FDA: Food and Drug Administration.
FD&C Act: Food, Drug, and Cosmetic Act.
FOB (Free on Board, Named Loading Port): The classic maritime trade term according to
which the seller must load the goods on board the ship nominated by the buyer, and cost and
risk are divided at ship's rail. The seller must clear the goods for export. The purchaser is then
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responsible for all further costs associated with transport, importation, and storage until the
shipment reaches its destination. The term also is applied to air transport when the seller is not
able to export the goods according to the time schedule detailed in the letter of credit. In this
case the seller allows a deduction equivalent to the carriage by ship from the air carriage. FOB
also can be qualified in other ways. For example, FOB Factory Gate means that title and
responsibility change as soon as the shipment leaves the supplier's premises.
Forwarding Agents (Freight Forwarders): Agents who assist other organizations or
individuals in moving cargo to a destination and are familiar with the import and export rules and
regulations of their own and foreign countries, the methods of shipping, and the documents
related to foreign trade.
Freight Forwarder: See Forwarding Agent.
GDP: Good distribution practices.
GMP: Good manufacturing practices.
Headspace: The volume left at the top of an almost-filled container before sealing.
HACCP (Hazard Analysis Critical Control Point): Hazard Analysis and Critical Control Points
has seven principles established by the National Advisory Committee for Microbiological Criteria
for Foods to control product safety.
Importer: Either the US owner or consignee at the time of entry into the United States or the
US agent or representative of the foreign owner or consignee at the time of entry into the
United States who is responsible for ensuring that goods offered for entry into the United
States are in compliance with all laws affecting the importation.
Impurity: A component of an excipient that is not the intended chemical entity or a
concomitant component but is present as a consequence of either the raw materials used or
the manufacturing process and is not a foreign substance.
Independent: In the context of internal audits, the quality of being free from any influence,
economic or otherwise, from the group, department, or organization under audit.
In-Process Control: Checks performed during production in order to monitor and if necessary
to adjust the process to ensure that the material conforms to its specifications. The control of
the environment or equipment also can be regarded as a part of in-process control.
In-Process Control/Testing: Checks performed during production to monitor and, if
appropriate, to adjust the process to ensure that the intermediate or excipient conforms to its
specification.
Intermediate: Material that must undergo further manufacturing steps before it becomes an
excipient.
Internal Audit: An audit conducted by an employee of the organization or by an individual from
outside the organization, but on behalf of the organization, to determine the effectiveness of a
system. (See: Audit, External Audit, and Third-Party Audit).
International Nonproprietary Name: International Nonproprietary Names (INN) facilitate the
identification of pharmaceutical substances or active pharmaceutical ingredients. Each INN is a
unique name that is globally recognized and is public property. A nonproprietary name also is
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known as a generic name.
ISO: International Organization for Standardization.
Lot: See Batch.
Labeling: The affixing to a container or vessel of a tag or document that contains information
about that container and its contents.
Manufacturer/Manufacturing Process: All operations of receipt of materials, production,
packaging, repackaging, labeling, relabeling, quality control, release, and storage of excipients
and related controls.
Master Production Instruction (Master Production and Control Record): Documentation
that describes the manufacture of the excipient from raw material to completion.
Material: A general term used to denote raw materials (starting materials, reagents, and
solvents), process aids, intermediates, excipients, packaging, and labeling materials.
Nonconforming Material: A material that is deficient in a characteristic, product specification,
process parameter, record, or procedure that renders its quality unacceptable, indeterminate,
or not according to specified requirements.
OASIS: Operational and Administrative System for Import Support.
Original Excipient Manufacturer: Organization responsible for manufacturing, under
appropriate GMPs, the excipient(s) distributed and addressed by this chapter.
Packaging/Repackaging Distributor: A distributor who transfers products from the original
packaging or transport vessel(s) provided by the original manufacturer into alternative
packaging and sells the products in the alternative packages. See Distributor and Repackager.
Primary Container–Closure System: The packaging components that come into direct
contact with the excipient in the closed, sealed package during storage and transport.
Packaging Material: A material intended to protect an intermediate or excipient during storage
and transport.
Packaging: The container and its components that hold the excipient for storage and transport
to the customer.
Pass-Through Distributor: See Closed-Container Distributor.
PN: Prior notice.
PNSI: Prior Notice Systems Interface.
Primary, Secondary Packaging: See Packaging/Repackaging Distributor and Primary
Container—Closure System. Packaging materials which do not come into contact with the
excipient during the normal course of storage and transport of the excipient.
Production: Operations involved in the preparation of an excipient from receipt of raw materials
through processing and packaging of the excipient.
QbD (Quality by Design): A systematic approach to pharmaceutical development that begins
with predefined objectives and emphasizes product and process understanding and process
control based on sound science and quality risk management. It means designing and
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developing products and manufacturing processes to ensure a predefined quality.
QMS: Quality management system.
Quality Assurance (QA): The total of the organized arrangements made to ensure that all
excipients are of the quality required for their intended use and that quality systems are
maintained. See Quality Unit.
Quality Control: Checking or testing that specifications are met. See Quality Unit.
Quality, Critical: Describes a material, process step or process condition, test requirement, or
any other relevant parameter that directly influences the quality attributes of the excipient and
that must be controlled within predetermined criteria.
Quality Management System (QMS): Management system that directs and controls a
pharmaceutical company with regard to quality.
Quality Manual: Describes the elements of the QMS and includes the quality organizational
structure, written policies, procedures, and processes or references to them, and a description
of departmental functions as they relate to the policies, procedures, and processes. Document
specifying the quality management system of an organization.
Quality Unit: See also: Quality Control and Quality Assurance. A group within a larger
organization that is responsible for monitoring and ensuring all aspects of quality. Current
industry practice generally divides the responsibilities of the quality control unit (QCU), as
defined in the cGMP regulations, between quality control (QC) and quality assurance (QA)
functions. QC usually involves (1) assessing the suitability of incoming components, containers,
closures, labeling, in-process materials, and the finished products; (2) evaluating the
performance of the manufacturing process to ensure adherence to proper specifications and
limits; and (3) determining the acceptability of each batch for release. QA primarily involves (1)
review and approval of all procedures related to production and maintenance, (2) review of
associated records, and (3) auditing and performing/evaluating trend analyses.
Quarantine: The status of materials isolated physically or by other effective means pending a
decision about their subsequent approval or rejection.
Raw Material: A general term used to denote starting materials, reagents, and solvents
intended for use in the production of intermediates or excipients.
Recall: See Retrieval.
Record: A document stating results achieved or providing evidence of activities performed. The
medium can be paper, magnetic, electronic or optical, photographic, another medium, or a
combination thereof.
Reevaluation Date (Retest Date, Re-evaluation Interval): The date when the material
should be reexamined to ensure that it is still in conformity with the specification.
Recommended Re-evaluation Date: The date suggested by the supplier when the material
should be re-evaluated to ensure continued compliance with specifications. It differs from the
Expiration Date because the excipient can be re-evaluated to extend the length of time the
material can be used, if supported by the results of the evaluation and appropriate stability
data.
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Repackager: A person or organization that takes an excipient from the original manufacturer's
container and repackages it into different containers. See also Distributor and
Packaging/Repackaging Distributor.
Repackaging: Removal of the excipient from its original container (combination of secondary
and/or primary packaging), and transfer to another container.
Reprocessing: Introduction of previously processed material that did not conform to standards
or specifications back into the process and repetition of one or more necessary steps that are
part of the normal manufacturing process.
Retrieval (Recall): Process for the removal of an excipient from the distribution chain.
Reworking: Subjecting previously processed material that did not conform to standards or
specifications to processing steps that differ from the normal process.
Secondary, Primary Packaging: See Primary, Secondary Packaging.
Senior Management: See Top Management.
Significant Change: A change that alters an excipient's physical or chemical property from the
norm or that is likely to alter the excipient's performance in the dosage form.
Specification: The quality parameters to which the excipient, component, or intermediate must
conform and that serve as a basis for quality evaluation.
Stability: Continued conformity of the excipient to its specifications.
Stable Process: A process whose output, regardless of the nature of the processing (batch or
continuous), can be demonstrated by appropriate means to show a level of variability that
consistently meets all aspects of the stated specification (both USP and customer
specifications) and thus is acceptable for its intended use.
Subcontractor: A person or organization that undertakes work or services on behalf of a
different person or organization that in turn is contracted to undertake work or provide services
from the original contract giver.
Supplier's Certification Documentation: Specific information and data associated with a
single batch of an excipient. Its accuracy is certified by the business entity that has had
control of the same single batch of excipient. Supplier's Certification Documentation includes
both quality and supply chain data and information. The methods and processes that derive the
included data and information should be understood and controlled, and all data and information
sources should be traceable. All entities that take possession and responsibility for the
excipient batch should provide Supplier's Certification Documentation including the original
excipient manufacturer, all distributors, and all repackagers. Special attention and clarity should
be applied within the Supplier's Certification Documentation in any event that breaches the
original manufacturer's packaging and/or labels (including addition of new labels).
Third-Party Audit: An audit conducted by an individual from outside the organization and who
is neither a supplier nor customer of the organization, e.g., a certification body, to determine
the effectiveness of a system.
Top Management: Person or group of people who direct and control an organization at the
highest level. The highest level can be at either the site level or the corporate level and
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depends on how the quality management system is organized.
Traceability: Ability to determine the history, application, or location that is under
consideration, e.g., origin of materials and parts, processing history, or distribution of the
product after delivery.
Trader: An entity that buys products from a manufacturer, may or may not take possession of
the products, and resells them to another party or parties.
Note—In the case of traders, the sale usually is made before product purchase.
User: A person or organization that uses pharmaceutical excipients to manufacture
pharmaceutical intermediates or finished products.
Validation: A documented program that provides a high degree of assurance that a specific
process, method, or system will consistently produce a result meeting predetermined
acceptance criteria.
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1761 Applications of Nuclear Magnetic Resonance Spectroscopy.The previous
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received, is now reproposed with added clarity, where needed.
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Add the following:
1761

APPLICATIONS OF NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY
PRINCIPLES OF NMR

Nuclear magnetic resonance (NMR) spectroscopy is an analytical technique based on the
magnetic properties of certain atomic nuclei. NMR is similar to other types of spectroscopy in
that absorption of electromagnetic energy at characteristic frequencies provides analytical
information. NMR differs from other types of spectroscopy because the discrete energy levels
between which the transitions take place are created by placing the nuclei in a magnetic field
of strength H0. Although the initial field strength of the applied field is H0, when the sample is
inserted into the magnet, the field strength throughout the sample becomes B0, defined as
follows:
B0 = µS H0

[1]

in which µS is the magnetic susceptibility of the sample.
Atomic nuclei behave as if they were spinning on the nuclear axis. The angular momentum,
of the nucleus is characterized by a spin quantum number (I). The maximum observable
component of the angular vector,

0,

, is
= Ih/2

= Ih

[2]

in which h is Planck’s constant and h is modified Planck’s constant.
Table 1 shows the values of I as a function of the mass number and the atomic number.
Table 1. Nuclear Spin Values as a Function of Mass and Atomic Numbers
Mass
Atomic
Nuclear Spin
Number
Number
(I)
odd
even or odd 1/2, 3/2, 5/2 ...
even
even
0
even
odd
1, 2, 3 ...
The angular momentum creates a magnetic moment, µ, which is parallel to and directly
proportional to

.
µ=

= Ih

[3]

where is the magnetogyric ratio and is a constant for all nuclei of a given isotope, regardless
of their position in a molecule.
Nuclei that have a spin quantum number I 0, when placed in an external uniform static
magnetic field, align with respect to the field in (2I + 1) possible orientations. Thus, for nuclei
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with I = 1/2, which include most isotopes of analytical significance (Table 2), there are two
possible orientations, corresponding to two different energy states. The energies of these two
states are ± µB0, and their separation is
E = µB0

(

µB0) = 2µB0

[4]

with more nuclei populating the lower energy state ( µB0) than the higher energy state (+
µB0). The populations are in accordance with the Boltzmann distribution:
N+/N

= exp( E/kT)

[5]

where N+ and N are the populations of the high and low energy states, respectively; k is the
Boltzmann constant; and T is the temperature in K.
A nuclear resonance is the transition between these states, and upward as well as downward
transitions are possible. In a static magnetic field the nuclear magnetic axis precesses (Larmor
precession) about the B0 axis. The precessional angular velocity is often referred to as the
Larmor frequency,

0,

and is related to B0:

If energy from an oscillating radio-frequency (rf) field is introduced, then resonance is achieved
when the rf frequency is the same as the precessional angular velocity. Although the
probability of an upward transition is equal to that of a downward transition, more upward
transitions take place than downward transitions because N is greater than N+. Hence, an
overall absorption of energy takes place. As shown in Table 2, the resonance frequency of a
nucleus increases in direct proportion with the increase of the magnetic field strength.
Table 2. Properties of Some Nuclei Amenable to NMR Study
Resonance Frequency
(MHz) at

Nucleus

I

Natural
Abundance
(%)

1H

1/2
1/2
1/2
1/2
(3/2)

99.98
1.108
100
100
80.42

13C
19F
31P
11B

Sensitivity

1.4093
Ta

7.0463
T

11.7440
T

1.00
0.0159
0.83
0.0663
0.17

60.000
15.087
56.446
24.289
19.250

300.000
75.432
282.231
121.442
96.251

500.000
125.721
470.385
202.404
160.419

a T = tesla: 1.4093 T = 14.093 kilogauss.
NMR is a technique of high specificity but relatively low sensitivity. The basic reason for the low
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sensitivity is the comparatively small difference in energy between the upper and lower energy
states (0.02 calories at 15 to 20 kilogauss field strength), which results in a population
difference between the two levels of only a few parts per million. Another important aspect of
the NMR phenomenon, with negative effects on sensitivity, is the long lifetime of most nuclei in
the excited state. Long lifetimes affect the design of the NMR analytical test, especially in
repetitive pulsed experiments. Simultaneous acquisition of the entire range of resonant
frequencies instead of frequency-swept spectra can give increased sensitivity per unit time.
The signals (peaks) in an NMR spectrum are characterized by four attributes: resonance
frequency, multiplicity, line width, and relative intensity. The analytical usefulness of NMR
arises from the observation that the same types of nuclei, when located in different molecular
environments, exhibit different resonance frequencies. The reason for this difference is that the
effective field associated with a particular nucleus is a composite of the external field provided
by the instrument and the field generated by the circulation of the surrounding electrons. The
latter field is generally opposed to the external field and lowers the overall field strength at the
nuclear site. The phenomenon is termed shielding. Hence, the more shielded nuclei have lower
Larmor frequencies.
It is not convenient to accurately measure the absolute values of transition frequencies, as is
done with other spectroscopic procedures. However, it is convenient to accurately measure
the difference in frequencies between two resonance signals. The position of a signal in an NMR
spectrum is described by its separation from another resonance signal arbitrarily taken as
standard. This separation is called chemical shift, which may be expressed in units of magnetic
field or in frequency units that are readily interconverted by the equation for the resonance
condition, Equation 6. This equation shows that when the separation is expressed in frequency
units, it is directly proportional to the field strength. It is more convenient, therefore, to
express the chemical shift in terms of the dimensional unit
strength, and is defined by
=(
where

SS

SS

RS)/

0

, which is independent of the field
[7]

is the test substance resonance frequency, in Hz;

RS

is the reference resonance

frequency in Hz; and 0 is the instrument frequency, in MHz. When 0 is expressed in units of
MHz, then Equation 7 is expressed in units as parts per million (ppm). Hence, it is common to
use the unit ppm to express the chemical shift difference between the resonance peak of the
test substance and that of the reference.
By using this equation, one can use (with appropriate caution) the chemical shift of any known
species (such as the residual 1H-containing species in a deuterated solvent) as a chemical shift
reference. This equation, now in common use, is applicable to nearly all nuclei.
Tetramethylsilane (TMS) is the most widely used chemical shift reference for proton and carbon
spectra. It is chemically inert, exhibits only one peak (which is more shielded than most
signals), and is volatile, which allows ready specimen recovery. Either 2,2,3,3- d4 sodium 3(trimethylsilyl)propionate (TMSP) or sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) is
used as an NMR reference for aqueous solutions. The resonance frequency of the TMSP or DSS
methyl groups closely approximates that of the TMS signal, but DSS has the disadvantage of
showing a number of methylene multiplets that may interfere with signals from the test
substance. Where the use of an internal NMR reference material is not desirable, an external
reference may be used, such as a reference standard in a separate NMR tube.
Conventional NMR spectra are shown with shielding increasing and chemical shift decreasing
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from left to right because less shielded nuclei have higher Larmor frequencies than do more
shielded nuclei. Resonances on the left are said to be deshielded (i.e., they show lower
electron density). Resonance peaks appearing at the right are termed more shielded (i.e., they
show greater electron density) than those appearing at the left. Resonances from the more
shielded and the less shielded nuclei often are inappropriately called the high-field or upfield
peaks and the low-field or downfield peaks, respectively, as a result of the outdated method of
acquiring data by sweeping the magnetic field. Today, the overwhelming majority of spectra are
acquired on a pulsed Fourier transform (FT) spectrometer, which sweeps neither the magnetic
field nor the transmitter frequency. Therefore, it is more appropriate to refer to resonances at
the left side of the spectrum as high-frequency or deshielded resonances and those on the
right as low-frequency or shielded resonances.
The coupling between two nuclei can be described in terms of the spin-spin coupling constant,
J, which is the separation (in Hertz) between the individual peaks of the multiplet. When two
nuclei interact and cause reciprocal splitting, the measured coupling constants in the two
resulting mutiplets are equal. Furthermore, J is independent of magnetic field strength.
Coupled spin systems are usually referred to as weak or strong. These terms depend on the
separation of the Larmor frequencies of the coupled nuclei compared to the coupling constant
between them. Both of these values are easily measured from the spectrum. For a weakly
coupled system, the separation expressed in Hz (D ) is large compared to J, which is always
expressed in Hz. Thus, the ratio of the two is dimensionless. For a weakly coupled system, the
ratio is large. Typically, spectroscopists consider a ratio above 10 to be weak. Only weakly
coupled spin systems produce first-order spectra, which are comparatively easy to analyze.
The number of individual peaks that are expected to be present in a multiplet and the relative
peak intensities are predictable. The number of peaks is determined by 2 nI + 1, where n is the
number of identical nuclei on adjacent groups that are active in splitting and I is the spin of
those nuclei causing the splitting. For protons this becomes (n + 1) peaks. In general, the
relative intensity of each peak in the multiplet follows the coefficient of the binomial expansion
(a + b)n. These coefficients can conveniently be found by use of Pascal’s triangle, which
produces the following relative areas for the specified multiplets: doublet, 1:1; triplet, 1:2:1;
quartet, 1:3:3:1; quintet, 1:4:6:4:1; sextet, 1:5:10:10:5:1; and septet, 1:6:15:20:15:6:1.
Two examples of first-order spectra arising from weak coupling are shown in Figure 1.

Figure 1. Diagrammatic representation of simple spectra resulting from weakly coupled spin
systems.
Coupling may occur between 1H and other nuclei, such as 19F, 13C, and 31P. This type of
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coupling can frequently be observed between nuclei separated by 1–5 bonds.
Magnetically active nuclei with I 1, such as 14N, possess an electrical quadrupole moment,
which produces line broadening of the signals from neighboring nuclei.
Another characteristic of an NMR signal is its relative intensity, which has wide analytical
applications. In carefully designed experiments, the area or intensity of a signal is directly
proportional to the number of protons that give rise to the signal. As a result, NMR can be used
for quantitation (see sections on Quantitative NMR in 761 and in this chapter. NMR spectra
may contain spinning side bands, peaks that appear symmetrically located around each signal.
These signals are due to the failure to optimize the off-axis (x and y) shims. The homogeneity
of modern superconducting magnets, coupled with computer shimming techniques, reduce the
need for sample spinning and completely eliminate these sidebands.
NMR SPECTROMETERS
Introduction
NMR spectrometers have evolved since the first commercial instrument, a Varian HR-30 that
operated at 30 MHz, was produced in 1952. Initially NMR spectrometers used a data acquisition
technique known as continuous wave (CW), which was based on sweeping the magnetic field.
The limitations of a CW spectrometer include low sensitivity and long analysis time.
Today’s spectrometers operate at frequencies up to 1 GHz and apply an rf pulse to the sample
to produce a time-domain signal known as a free induction decay (FID), which is then Fourier
transformed into a frequency-domain signal. This technique is known as FT NMR spectroscopy.
Current NMR spectrometers are composed of several key components: the magnet, the probe,
the console, and the computer.
The instruments are described by the approximate resonance frequency of the 1H resonance,
e.g., 600 MHz, or by their field strength, e.g., 14.1 T.
The Magnet
Until the early 1970s, NMR magnets were either ferromagnetic-core electromagnets or
permanent magnets that operated at field strengths of 1.41–2.35 T, corresponding to 1H
resonance frequencies of 60, 80, 90, and 100 MHz. The first NMR magnets based on
superconducting magnets were introduced in the 1960s and allowed access to much higher field
strengths that currently are as high as 23.5 T (1 GHz).
The superconducting magnet is the most expensive component of an NMR spectrometer and
can cost up to several million dollars. These magnets consist of miles of Nb3 Sn or NbTi wire.
When these materials are wound into a solenoid that is immersed in liquid helium at 4.2 K, they
become superconducting. That is, an electrical current can be induced in them by an energizing
power supply, and that current will persist for many years even after the power supply is
removed. This essentially constant electrical current is used to generate high static magnetic
fields that can be several times higher than those obtained with ferromagnetic-core magnets.
Ensuring that the superconducting coil is immersed in liquid helium at all times is the only
maintenance needed to sustain these high fields.
Figure 2 contains a diagram of a typical superconducting magnet. The superconducting solenoid
is immersed in a liquid-helium Dewar at 4.2 K. This unit is itself contained in a liquid-nitrogen
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Dewar at 77.4 K. Each Dewar is surrounded by a vacuumed space and reflective film coating to
prevent outside heat of the laboratory from entering the helium Dewar. The central core or
room-temperature bore provides room for the stack that contains the shim coils for roomtemperature shimming. Finally the probe is inserted into the stack. Samples are injected or
ejected from the probe by means of a jet of filtered and dried air or nitrogen.

Figure 2. Schematic representation of a superconducting magnet.
An important recent advance in magnet technology has been the construction of shielded
magnets with stray fields that extend only one or two meters from the center of the magnet in
three dimensions, thereby making magnet siting a far easier task than it was with unshielded
magnets.
In addition to the main solenoid, the helium Dewar also contains several other superconducting
coils that are used to shim the main magnetic field as a first step in attaining very high field
homogeneity. Further shimming is accomplished by 20–30 shim coils in the room-temperature
shim stack that is inserted in the bore of the magnet. These coils operate at ambient
temperature and are used to generate small magnetic fields that oppose and cancel
inhomogeneities caused by the surroundings, the probe, or the sample itself. Computer
software has taken over a large amount of the tedious job of shimming the magnet
homogeneity, a critical task for obtaining good NMR data. Using the lock signal from the sample,
spectroscopists can generate a field map for each of the shim coils. Using this map, the
computer then calculates the amount of current that should be applied to each of the shim
coils to maximize the magnet homogeneity. Typically this operation takes less than a minute for
shimming the on-axis (z1 to z6) shim coils. The off-axis (x/y) inhomogeneities can be
compensated for in a similar manner but usually in a longer period of time (15–20 minutes)
because of the larger number of off-axis coils.
The Probe
The NMR probe may be the most important part of the instrument. The probe consists of one or
two rf coils. Each coil, which is inductive (L), is in a circuit that contains several tunable
capacitive (C) elements. These elements are adjusted to enable the probe to transmit and
receive at the Larmor frequency,

0.

For a given nucleus, the probe tuning is determined by [

= 1/(2 (LC)1/2)]. A pulse of rf at the Larmor frequency results in an applied magnetic field

PF 37(6): Nov.-Dec. 2011

149

(B1). To induce a transition, B1 must be applied perpendicular to the static field generated by
the magnet superconducting coil. The rf coil not only transmits the excitation pulse but is also
electronically switched to receive the rf signal from the sample.
The most common NMR sample tube is the 5-mm (od) NMR tube. However, probes have been
designed in many forms. Some probes can accommodate 10- or 20-mm tubes for samples that
are not in limited supply, such as petroleum and polymers. For limited amounts of precious
samples, probes have been made to accept tubes as small as 1 mm, which can accommodate
solutions as small as 5 µL . Also, flow probes are available to obtain data directly from a liquid
chromatography effluent.
Probes are available in a large number of coil configurations. The most common probe usually
contains a broadband observe coil that is tunable over a wide range of frequencies (31P to
109Ag), a decoupler (1H) coil, and a coil tuned to deuterium (2H) for field-frequency lock.
Usually, the decoupler coil is double-tuned for both 1H and 2H. Probe configurations can include
as many as four channels for multidimensional work with biological macromolecules.
The probe can come in a format where the X-nucleus observe-coil (e.g., 13C) is wound closest
to the sample for highest sensitivity, and the decoupler coil (1H) is farther away. The inverse
configuration is also available to provide the maximum signal-to-noise (S/N) ratio for 1H, the
detected nucleus in two-dimensional (2-D) indirect heteronuclear experiments, such as
heteronuclear single-quantum coherence spectroscopy (HSQC) and heteronuclear multiple-bond
correlation (HMBC) where the X-nucleus is indirectly detected via the 1H frequency. Recent
advances in probe technology have resulted in a single probe combining the sensitivity of the
direct and inverse detection probes described above. Another advancement in probe design is
the cryogenically cooled probe wherein the rf coils and their preamplifiers are held at close to
liquid helium temperatures (20 K). Because rf electronics generate lower noise levels at colder
temperatures, S/N ratios can be increased by at least a factor of four in these probes. Because
the S/N ratio of a spectrum is given by n1/2, where n is the number of acquisitions, an
enhancement by a factor of four to the initial S/N ratio translates to a savings of 16 in time or
to a four-fold reduction in sample size.
Probes can also be equipped with gradient coils that can apply a magnetic field gradient in the
z only or x, y, and z directions. These gradients are used to study diffusion or, more commonly,
to be integral parts of pulse sequences because they provide an efficient means for selecting
specific coherences in 2-D experiments.
In addition to the electronic coils, probes usually come equipped with a heater coil that enables
variable temperature work from 100 to +150 . Probes also have gas outlets to allow sample
insertion and ejection from the probe as well as sample spinning.
For solid-state samples the probes come with cylindrical rotors that are filled with the sample
and capped. The entire rotor can then be oriented at an angle of 54.74 (known as the magic
angle) relative to the magnetic field direction and spun at rates up to 70 kHz. Rapid rotation at
this angle helps remove the chemical shift anisotropy and dipolar coupling so that the very
broad resonances observed in the solid state can be reduced considerably.
The Console and Computer
The NMR console has the primary function of generating the various Larmor frequencies
required for a given experiment, amplifying and transmitting these frequencies to the probe, and
detecting the resulting signals that are transmitted from the probe so that they can be used to
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create an NMR spectrum. In addition to these primary functions, the console performs many
more operations, all of which are computer-controlled. Figure 3 contains a schematic diagram
illustrating the various components of the current majority of spectrometer consoles.

Figure 3. Schematic diagram of an NMR spectrometer.
The computer continually controls the signal to the lock transmitter (A) so the resonance of
the lock material can be detected in the lock receiver to maintain field/frequency control. The
computer also controls the frequency synthesizer (B) that generates the various frequencies
that are close to the Larmor frequencies of the observed or perturbed nuclei. For a specific
experiment, the computer triggers the pulse programmer (C), which, in turn, sends timing
signals (pulse width, phase, and shape) to the observer transmitter (D), the decoupler (E), and
the gradient amplifier (F), depending on which of these units are needed for that experiment.
Once the observed nucleus in the probe (G) is excited by a pulse from the observed
transmitter, the resultant rf signal is amplified in the preamplifier (H). Then the signal is mixed
(J) with a local oscillator (I) to generate a lower rf frequency, called the intermediate
frequency (IF) that is further amplified (K). A second mixing stage, this time with a different
local oscillator (L), results in an audio signal that is then detected in quadrature (M) before
being amplified (N), converted (O) from an analog to a digital signal, and stored in the
computer. After the signal is processed to create a spectrum, the digital data can be
converted back to an analog signal in a digital-to-analog converter (P) and printed.
The output from the phase-sensitive detector (M) is the free induction decay (FID), which is a
time-domain signal, f(t).
When two detectors are used (M) with their reference frequencies shifted from each other by
90 , frequencies that are positive with respect to the reference can be distinguished from
those that are negative. This system is referred to as quadrature phase-sensitive detection
(QPD). Each detector produces an FID, but they will always be 90 out of phase with respect
to each other. One FID is called the real FID, and the other is called the imaginary FID. The
Fourier transform that is performed in this case is called a complex Fourier transform. The
combination of the real and imaginary FIDs yields the frequency spectrum, F( ).
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In addition to the Fourier transform process, the computer is also used for post-acquisition
processing of the data. The frequency-domain spectrum that results from the complex Fourier
transform can then be phased, baseline corrected to remove artifacts, integrated to obtain
peak areas, and peak picked to provide chemical shift information. The computer is also capable
of providing spectra calculated from chemical shift and coupling values, curve-fitting
resonances, and deconvoluting complex overlapped peaks. Finally, the digital data can be
converted to their analog form by a DAC (O) and printed.
RELAXATION
NMR includes two types of relaxation: Spin-Spin Relaxation, sometimes referred to as
Transverse Relaxation, or T 2 Relaxation, and Spin-Lattice Relaxation, sometimes referred to as
Longitudinal Relaxation, or T 1 Relaxation. At least two mechanisms contribute to Transverse
Relaxation: loss of signal due to B0 inhomogeneity and the natural relaxation that would take
place even in a perfectly homogeneous field. The combined effects of these two mechanisms
produce a new time constant for the relaxation, which is referred to as T 2*.
Spin-Spin Relaxation (Transverse Relaxation)
After an rf pulse, the component of M0 in the (x,y) plane, Mxy, will gradually decay toward zero.
The process is first order, and as it is in other types of first-order processes, the instantaneous
rate of decay of Mxy is directly proportional to its displacement from equilibrium. The further Mxy
is displaced from zero, the faster it decays, and as it approaches zero it decays more and more
slowly. Hence, Equation 9 applies.
dMxy/dt (–Mxy)

[9]

The process is analogous to the decay of a radioactive element. However, spectroscopists do
not speak of the rate of decay of an FID in terms of its half-life. Instead, they speak of its 1/elife, that is, how long it takes for the FID to decay to a value that equals 1/e of its original
value at time zero. Standard mathematical manipulations of Equation 9 yield
Mxy = M0 exp(–t/T 2*)

[10]

where M0 is the equilibrium distribution given by Equation 9, and T 2* is the rate constant for
the decay. T 2* is a measure of how fast the signal decays, not how long it takes to decay.
The rate of decay is fastest immediately after the pulse because then it is furthest from its
equilibrium position, zero. If the rate remained constant at this initial rate, then the signal
would be completely decayed after one T 2*.
Table 3 was prepared from Equation 10. It shows the percentage of Mxy remaining as a function
of time after a 90 pulse. In Table 3 time is given as the number of T 2*s.
Table 3. Percent of Mxy Remaining as a Function of Time, in Units of T2*
Time/T 2*
0.0
0.5
1.0
1.5
2.0
3.0
4.0

5.0
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100.0

60.7

36.8

22.3

13.5

5.0

1.8

0.7

Mxy asymptotically approaches zero, and it would take infinitely long for complete decay, but
the decay is normally considered to be complete when the time has reached 3 to 5 times T 2*.
Hence, these times are commonly used as acquisition times. If acquisition times that are
shorter than 3 times T 2* are used, the FID is truncated and subsequent Fourier transform leads
to visible baseline artifacts.
The decay of the FID produces the peak width in the final spectrum. The faster the decay, the
broader is the line. The mathematical relationship is:
D
where D

1/2

1/2

= 1/( T 2*)

[11]

is the width of the peak at its half-height.
Spin-Lattice Relaxation (Longitudinal Relaxation)

After an rf pulse, nuclei are excited from the low-energy state into the high-energy state. The
nuclei will eventually relax back to establish the Boltzmann distribution (see Equation 5), and
this process is called spin-lattice relaxation. The recovery process is first-order, and as it is in
other types of first-order processes, the instantaneous rate of growth of Mz is directly
proportional to its displacement from equilibrium. The farther Mz is displaced from M0, the faster
it grows back, and as it approaches M0 it grows back more and more slowly. Hence, Equation
12 applies.
dMz/dt

(M0

Mz)

[12]

Standard mathematical manipulations yield
Mz = M0 (1 – exp(– t/T 1)

[13]

Note that T 1 is a measure of how fast Mz grows back to M0—it is not how long it takes to grow
back. Table 4 was prepared from Equation 13 and shows the percentage of recovery of Mz as a
function of time after a 90 pulse. In this table, time is given as the number of T 1s.
Table 4. Percent Recovery of Mz as a Function of Time, in Units of T 1
Time/T 1
% Recovery

0.0
0.0

0.5
39.3

1.0
63.2

1.5
77.7

2.0
86.5

3.0
95

4.0
98.2

5.0
99.3

As Mz asymptotically approaches M0, it takes infinitely long for 100% recovery. However,
recovery is normally considered to be complete when it has reached 99%. Hence, relaxation
delays of 5T 1 are commonly used in pulse sequences. The rate of return to M0 is fastest
immediately after the pulse because that is when M0 is farthest from its equilibrium position. If
the rate remained constant at this initial rate, then full recovery would be achieved after one
T 1.
TIP ANGLE
During an rf pulse, a magnetic field (B1) is applied to the sample. The magnetization vector M
precesses about B1 according to
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= B1

[14]

where 1 is the precessional frequency and B1 is the strength of the magnetic field applied to
the sample. During the time that the pulse is applied, M precesses to an angle ( ) given by the
precessional rate multiplied by the width of the pulse, in time, (PW). Then,
PW ×

1

=

= PW ×

B1

[15]

Tip angles typically are expressed in units of degrees or in radians. For example, a 90 pulse is
sometimes referred to as a

/2 pulse.
Optimum Tip Angle or Ernst Angle

Time averaging to improve the S/N ratio is accomplished by a delay-pulse-aquire sequence that
is repeated as necessary. Suppose that during the first pulse, M0 precesses 30 about B1
before the pulse is turned off. At this time the magnitude of Mz is M0cos 30 . At the end of the
pulse, Mz will begin to grow back toward its equilibrium value, M0. Typically, the second pulse is
applied before Mz reaches M0, driving Mz down even farther away from M0. Consequently, Mz
begins to grow back faster because it is even farther away from its equilibrium value. After 6–
10 pulses, Mz will grow back an amount that is equal to the incremental displacement caused
by each succeeding pulse and will reach a new equilibrium or steady state. Each succeeding
pulse continues to tip this new steady-state value of Mz by 30 resulting in signal intensity for
each pulse.
The position of the steady-state equilibrium is determined by three factors: the T 1, the tip
angle, and the time between pulses. On the one hand, for a given T 1 and time between pulses,
if the tip angle is too large then the steady-state value of Mz will be close to the origin,
affording only a small signal. On the other hand, if the tip angle is too small, e.g., 5 , then the
steady-state value will be large, but with a small angle the value of Mzsin 5 will also be small,
again affording a small signal. The optimum angle is frequently called the Ernst angle, which is
given by:
cos
opt

opt

= exp( PR/T 1)

= arc cos [exp( PR/T 1)

[16]
[17]

where PR is the time between pulses, or pulse-repetition time. This time is the sum of the
acquisition time used to collect the FID plus any relaxation delay used. This angle provides a
reasonably large steady-state value combined with a reasonably large angle and will produce
the best S/N ratio per unit time. The value of T 1 to be used in Equation 17 should be for the
longest relaxing nucleus in the molecule.
RELAXATION DELAY
Surprisingly, the optimum S/N ratio per unit time is obtained when no relaxation delay is used
for a given T 1. That is when PR equals to AT, the acquisition time. However, because the nuclei

PF 37(6): Nov.-Dec. 2011

154

in most molecules do not have the same T 1 values, the relative intensity relationship will be
lost.
For typical quantitation experiments a relaxation delay is used and should be at least five times
the longest T 1 expected for any of the nuclei in the molecule; and the pulse width should be
set to 90 . Further details are provided in the section Quantitative Applications.
RESOLUTION
In NMR spectroscopy the typical definition of resolution is the ability to distinguish between two
closely spaced resonance peaks in a spectrum. The industry standard for measuring resolution
is to measure the width of a single peak, in units of Hz, at the half-height of the peak.
The uncertainty principle determines the best resolution that can be achieved in an NMR
spectrum. The maximum resolution possible, or the minimum separation that can be observed
between two frequencies, D
AT, of the FID.

in a spectrum is equal to the reciprocal of the acquisition time,
D

= 1/Dt = 1/AT

[18]

The time set by the spectrometer operator should not exceed the required AT, because this
would result in the collection of only noise after the signal has decayed to near zero. Collecting
this noise does not improve the resolution.
POSTACQUISITION DATA PROCESSING
The final appearance of the spectrum can usually be improved by applying a variety of
mathematical procedures to the FID before the Fourier transform is performed. The two most
common procedures are multiplying the FID by a mathematical function, generally known as a
window function; or appending zeros to the end of the FID, generally known as zero filling.
Window Functions
Two types are generally used: one for increasing the resolution and another for increasing the
S/N ratio.
INCREASING THE RESOLUTION
The decay of the signal produces a peak width in the spectrum, and if this decay can be
removed, then the resonance peak will consist of a single point, i.e., an infinitely narrow peak.
The decay of the signal can be represented by exp(
representing the decaying signal is
A(t) = A0 exp(

t/T 2*). Hence the full equation

t/T 2*) cos( t + )

[19]

If the FID is multiplied by an increasing function that exactly cancels the decay, then the peak
width will be removed. This can be achieved by multiplying the FID by exp(t/T 2*). Then
Equation 19 becomes

PF 37(6): Nov.-Dec. 2011

155

A(t) = A0 exp(0) × cos( t + ) = A0 cos( t + )

[20]

Unfortunately, the application of this function as described above will also disproportionately
increase the noise power at the tail of the FID. The S/N ratio in the final spectrum is so poor
that this function is not used without modifications. Typically, the beginning of the FID, where
the S/N ratio is better, is multiplied up but then the tail of the FID, where S/N ratio is poorer, is
multiplied down. Two commonly used functions that accomplish this are the Gaussian function
and the transform of reversed-added FIDs (TRAF) function for resolution. The latter is
sometimes given the name TRAFR by instrument manufacturers. It affords the same resolution
enhancement as the Gaussian function but with much less degradation in overall S/N ratio.
INCREASING THE S/N RATIO
The overall S/N ratio in the spectrum can be increased by weighting the points at the beginning
of the FID more highly than at the tail. This is because the S/N ratio is the highest in the
beginning and the lowest at the tail. The weighting is often accomplished by multiplying the raw
FID by a function that decreases with time. A popular function that gives the greatest increase
in the S/N ratio is called the matched filter. It weights each point in the FID by an amount
proportional to the S/N ratio at that point. A function that accomplishes this must match the
decay. Hence, the FID is multiplied by exp( t/T 2*).
The penalty for the use of the matched filter is a loss of resolution that equals a doubling of
the peak width. When the original decay is multiplied by the matched filter, then the new decay
is given by the following:
exp(

t/T 2*) × exp(

t/T 2*) = exp(

2t/T2*) = exp(

t/0.5T 2 *)

[21]

The FID then appears to have decayed with a T 2* equal to one-half of the original, and
according to Equation 11 and 18 the peak width will double. Multiplying the FID by a steeper
decay in an attempt to weight the beginning points even more results only in less of an
increase in S/N ratio and a greater increase in peak width.
Another function that accomplishes the same increase in S/N ratio, but without any change in
resolution, is the TRAF function for sensitivity, which is sometimes given the name TRAFS by
instrument manufacturers.
Zero Filling
Spectroscopists can improve the overall appearance of the spectrum considerably by appending
zeros to the end of the FID before the Fourier transform is performed. This process results in
placing more points on every resonance peak in the spectrum. The most common procedure is
to append a number of zeros equal to the number used to collect the FID. Adding more zeros
will result in only a very slight further improvement.
Although all of the peaks are better defined with zero filling, the resolution is not increased. For
example, in a case where the separation between two lines is closer than the peak widths, only
a single broadened line will result. Zero filling will not resolve these peaks—it will only place
more points on an already broadened line. Only an increase in the acquisition time of the signal
or the use of a window function could resolve the peaks.
Zero filling has a beneficial effect on quantitation. Integration of a digital spectrum is
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accomplished by taking the intensity at a given point and adding to it the intensity at
successive points. If the number of data points is insufficient to depict the actual peak shape,
the resultant integral of that peak will not be accurately determined. Therefore, zero filling until
each peak is represented by at least 7–10 data points results in a more accurate integration.
GENERAL PROCEDURE FOR STRUCTURE IDENTIFICATION
NMR spectroscopy is a powerful technique for structure identification because of its specificity
of detecting certain nuclei such as 1H, 13C, 31P, and 19F. Typically, a routine identification test
can be performed by 1H NMR spectroscopy in a short period of time for simple molecules. The
basis for identification is provided by a comparison of the signals from the test sample with the
expected signals from a qualified reference standard. A positive identification can be concluded
when the chemical shifts, multiplicities, and coupling constants of the spectrum of the test
sample match those of the reference standard or, in the case of a USP monograph, the values
listed in the monograph.
Data may be made unacceptable for analysis if incorrect sample preparation or poor adjustment
of spectrometer parameters leads to poor resolution, decreased sensitivity, and spectral
artifacts. It is preferable that the operator be familiar with the basic theory of NMR and
operation of the spectrometer. Frequent checks of instrument performance are essential.
The procedures discussed here refer specifically to 1H and 13C NMR, but they are applicable,
with modification, to other nuclei. The discussion assumes that the NMR spectra are obtained
from solutions in suitable solvents.
Selection of Solvent
Deuterated solvents are usually used to prepare solutions for NMR analysis because they are
readily available, have greatly reduced signals from solvents in 1H spectra, and have the added
advantage of providing a lock signal. Select a solvent whose residual 1H signals will not
interfere with signals of the analyte. If a residual 1H solvent peak might interfere with any
signals from the sample solution and another solvent is not possible, then the 2H isotopic purity
of the solvent should be as high as possible. Some solvents (e.g., D2 O or CD3 OD) have labile
protons that can enter into fast exchange reactions with the labile protons in the analyte. This
may eliminate resonance signals from –COOH, –OH, and –NH2 structural groups. The most
commonly used solvents for proton and carbon NMR are listed in Table 5 along with their
residual 1H and 13C chemical shifts as well as the multiplicities of these resonances caused by
coupling to deuterium.
Table 5. Solvents Commonly Used for Proton NMR and 13C Shifts
Residual 1H/13C Signal ( a)
Solvent
and Multiplicity
1H
13C
CDCl3
7.27
77.23 (3)
CD3 OD
3.35, 4.8
49.15 (7)
206.68 (13)
(CD3 )2 CO
2.05
29.92 (7)
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D2 O
(CD3 )2 SO- d6
C6 D6
Dioxane-d8
CD3 CO2 D

4.7b
2.50
7.20
3.55
2.05, 8.5b

(CD3 )2 NCDO-d7 2.77, 2.93, 8.05

—
39.51 (7)
128.39 (3)
66.66 (5)
178.99 (1)
20.0 (7)
163.15 (3)
34.89 (7)
29.76 (7)

a in ppm relative to TMS at 0 ppm.
b Labile hydrogen.
Sample Preparation
For USP procedures, directions are usually given in individual monographs. The solute
concentration depends on the objective of the experiment. Typically, NMR sample solutions are
prepared so that they contain from a few to 50 mg/mL. Detection of minor contaminants may
require higher concentrations. In some cases such as polymers, even higher concentrations can
be used. The solutions are prepared in separate vials and are transferred to the NMR tube. The
volume required depends on the size of the NMR tube and on the geometry of the probe. The
level of the solution in the tube must be high enough to extend beyond the coils when the tube
is inserted in the instrument probe.
The NMR tubes must meet narrow tolerance specifications in diameter, wall thickness,
concentricity, and camber. The most widely used tubes have a 5- or 10-mm outside diameter
(OD) and a length between 15 and 20 cm, but 1- and 3-mm (OD) NMR tubes are becoming
more common, and tubes as large as 20 mm (OD) have been used.
Procedure
The NMR tube is placed in a probe located in the magnetic field. Although samples traditionally
have been spun to average the nonradial field gradients, the quality of the shim coils no longer
makes spinning a requirement, and, in the case of many 2-D experiments, the sample should
not be spun. The magnetic field’s homogeneity is optimized by shimming, a function that is
largely being taken over by the computer in most modern spectrometers. Probe tuning is
optimized for the frequency being observed and is matched to the impedance of the
spectrometer.
The computer serves to control all operations of the spectrometer from running the pulse
program to storing and processing the data. The experimental setup involves selecting values
for a large number of variables, including the spectral width to be examined, the duration of the
excitation pulse (PW), the time interval over which data will be acquired (AT), the number of
transients to be accumulated, and the delay between one acquisition and the next (relaxation
delay). The acquisition time for one transient is on the order of seconds. The number of
transients is a function of the specimen concentration, the type of nucleus, and the objective
of the experiment and can vary from a few for most 1H experiments to several thousand for 13C
spectra. At the end of the experiment, the signal (FID) is stored in digitized form in the
computer memory and may be displayed on the monitor. The signal can be processed
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mathematically to enhance either the resolution or the sensitivity, and it can be Fouriertransformed into a frequency-domain spectrum, which can be further analyzed to obtain peak
positions (chemical shifts) and intensities.
Structure Elucidation by NMR
The simplest case of using NMR spectroscopy to elucidate an unknown structure is to obtain a
match with a spectrum from a reference standard or from a database. The informational
content of an NMR spectrum is sufficient for deducing structures of organic molecules even
when qualified reference standards or spectra are not available. Relatively simple structures
can be identified using chemical shifts, coupling patterns, and intensities obtained from onedimensional (1-D) 1H and 13C spectra. For more complex structures, spectroscopists may have
to obtain two-dimensional (2-D) spectra from experiments that have been developed to
determine homo- or heteronuclear connectivities.
Two-dimensional spectra are characterized by two frequency axes. The intensity, which is
mathematically another dimension, is not considered to be a dimension in 2-D NMR because it is
not an axis that spreads out the chemical shift. All modern 2-D experiments consist of at least
two pulses separated by a time period, labeled t 1, the evolution period, and a period of time
used for collecting the signals, labeled t 2, the detection period. A COrrelated SpectroscopY
(COSY) sequence is the simplest of all and is shown in Figure 4.

Figure 4. Pulse sequence for a COSY experiment.
A series of such sequences is performed using an incremental increase in the evolution period.
Fourier transforms of the FIDs produced during each of the t 2 detection periods are stacked, a
second Fourier transform is performed along this t 1 new axis, resulting in a plot of amplitude
along two frequency axes, F 2 and F 1.
The next simplest addition to the COSY sequence is another pulse. The Nuclear Överhauser
Effect SpectroscopY (NOESY) sequence is an example and is shown in Figure 5.

Figure 5. Pulse sequence for a NOESY experiment.
The evolution period is again the time between the first two pulses and is incremented as in the
COSY experiment. The time between the second and third pulses is fixed and is not
incremented. This period of time is labeled m and is called the mixing time. Cross-polarization
occurs during this period.
The COSY and NOESY sequences described above are the two simplest 2-D experiments to
perform. Many other experiments have been developed and contain a very complicated series
of pulses with different pulse widths, time delays, gated decoupling, and pulsed field gradients.
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Some of these experiments are described below.
Strategies for Establishment of Homonuclear Connectivities
Assigning signals based on chemical shifts, spin multiplicity, and coupling constants serves as a
starting point for structural elucidation. Structure elucidation is simplified if one can establish
molecular connectivity between homonuclear spins. This can be done using correlations via
bonds (scalar coupling, sometimes referred to as J coupling) or via spatial (dipolar coupling)
interactions. This section describes NMR techniques that can be used for the study of
homonuclear connectivity. Popular experiments in this category are COSY, total correlated
spectroscopy (TOCSY), NOESY, and rotating frame Överhauser effect spectroscopy (ROESY).
COSY
COSY has become a routine 2-D 1H NMR experiment that can quickly provide the proton–proton
connectivity for spin systems connected by two or three chemical bonds. In a COSY spectrum,
the contour plot typically shows diagonal and off-diagonal cross-peaks. The diagonal peaks
correspond to the places in 2-D space where chemical shifts of the same nucleus in the 1-D 1H
NMR spectrum intersect. The off-diagonal cross-peaks occur in 2-D space where the chemical
shift of one nucleus intersects the chemical shift of a different nucleus to which it is coupled.
The COSY spectrum enables the identification of scalar-coupled spins that are in geminal or
vicinal positions. Generally, one starts the assignment process by selecting a resonance in the
COSY spectrum that has already been identified in the 1-D 1H NMR spectrum. Then, the offdiagonal peaks between this resonance and any others determine the resonances of the
neighboring protons to which it is coupled. The neighboring protons identified in this way then
serve as the next points to examine for cross-peaks to other protons, and so forth. The
process continues until all coupled spin systems are identified.
Thus, a COSY experiment can provide useful information about proton–proton connectivity for
various fragments of the molecules under examination. The relationship between these
fragments may be difficult to establish because of an interruption of the coupling between the
two fragments. For instance, if two segments are connected through quaternary carbons or
heteronuclei, the very small four-bond coupling between two protons on the two separate
fragments usually cannot be detected by COSY. Basic COSY experiments are usually processed
using magnitude mode, which results in broad bases to the peaks. The diagonal peaks may be
so broad that spin systems with close chemical shifts may not be observable because the
broadness of the diagonal peaks will cause them to overlap the off-diagonal peaks. An example
of a COSY experiment, specifically a gradient, or gCOSY, is shown in Figure 6.
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Figure 6. Partial COSY spectrum of sucrose. Dotted lines show how two off-diagonal (f3, f4 and
g2, g3) contours are used to determine which nuclei are coupled to each other.
A variety of COSY experiments have been devised to improve upon the original experiment.
Perhaps the most important change has been to use gradients to acquire a gCOSY spectrum.
The classic COSY experiment uses a 90 pulse to generate transverse magnetization and relies
on elaborate phase cycling to cancel unwanted signals over many scans, resulting in long
experiment times. In a gCOSY experiment, which requires a probe capable of a pulsed field
gradient (PFG), a magnetic field gradient pulse dephases any coherent magnetization in the xy
plane. If a second gradient pulse of the proper strength is applied in the opposite direction, it
will cause any dephased double-quantum magnetization to refocus. Hence, only those signals
will be received. The strengths of the gradients can be used to select single-, double- or triplequantum coherences.
The gradient pulses in a gCOSY experiment can be used to prevent the refocusing of
magnetizations that cause the artifacts in the classic COSY experiment. Hence, instead of
requiring a minimum of eight phase-cycled acquisitions for each data increment in the second
dimension, a gCOSY spectrum requires only a single acquisition per increment. For samples that
are sufficiently concentrated to produce an acceptable S/N in only one acquisition, this greatly
shortens the experimental time.
Phase-sensitive COSY experiments have been developed to overcome the problem of overlap
with closely spaced chemical shifts. A phase-sensitive COSY results in pure absorptive peaks
with narrower peaks than are generated by the classic-magnitude COSY. These narrower peaks
allow better resolution of resonances that are close to diagonal peaks.
Double-quantum filtered COSY (DQF-COSY) was developed to overcome the problem caused by
intense signals from functional groups such as methyls. The singlets from these groups do not
provide useful connectivity information, but their intensity often limits the dynamic range of the
experiment, making it difficult to observe other weaker signals. The pulse sequences of DQFCOSY detect the spin systems that have only double-quantum transitions. Isolated singlets are
not selected and thus are filtered out of the final 2-D spectrum. In addition, a reduction in the
overall intensity of the diagonal signals is achieved with an increase in the intensities of offdiagonal signals.
TOCSY (OR HOHAHA—HOMONUCLEAR HARTMANN HAHN)
The 1H–1H TOCSY experiment is closely related to COSY but differs because it yields
correlations for every spin in a coupled network. This is especially useful when multiplets
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overlap or there is extensive strong coupling. For example, consider the network –CHa–CHb–
CHc–CHd–CHe–, where each CHn stands for a spin that is coupled through three bonds to the
adjacent spin. A COSY spectrum would show correlations for each adjacent pair of hydrogens.
On the one hand, the Hb resonance would show connectivities to Ha and Hc but not to Hd. A
partial correlation is revealed for each CHn. On the other hand, a TOCSY spectrum would show
all off-diagonal contours for every spin in this network. That is, for every peak in this coupling
network there would be off-diagonal contours corresponding to CHa, CHb, CHc, CHd, and CHe.
Thus, a TOSCY spectrum affirmatively identifies all of the spins within the same coupling
network. This pattern is easily recognized, especially when there is extensive overlap with
other coupled networks. However, a TOSCY experiment cannot establish connectivity between
separate networks that are interrupted by heteronuclear atoms, quaternary carbons, or a
carbon bearing only exchangeable protons. A TOCSY experiment is useful for the study of large
molecules with many separated coupling networks such as peptides, proteins, oligosaccharides,
and polysaccharides.

Figure 7. Partial TOCSY spectrum of sucrose showing two sets of contours corresponding to all
the coupled nuclei in the glucose and fructose rings in sucrose. The contour for the f1
resonance falls within the glucose spin system and has no coupling.
NOESY
The NOESY experiment gives correlations between protons that are close to each other in
space even though they may not be connected by bonds. These through-space correlations
are made via spin-lattice relaxation. Dipole interactions between protons close in space
generate NOE transfers, and the magnetization is aligned along the z axis (B0), producing
positive or negative intensity changes that yield cross-peaks that are not normally observable
in a COSY spectrum. The sign of the NOESY peaks depends on the size and mobility of the
molecule under study. Used in combination with other techniques, a NOESY experiment can
establish spatial relations for particular spins and can provide critical information about ring
structures and conformations. It is especially useful for determining the macroscopic structures
of proteins.
1H–1H

ROESY

The ROSEY experiment is similar to a NOESY experiment insofar as it also provides correlations
between protons that are close to each other in space, whether or not they are connected via
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bonds. A ROESY spectrum yields through-space correlations via spin-spin relaxation in the
rotating frame. The ROESY experiment utilizes a spin–lock sequence as a mixing time during
which NOE transfer occurs among all components of the spins locked in the xy plane. In
contrast to a NOESY experiment, in which NOE transfer occurs while magnetizations are aligned
along the z axis (B0) producing positive or negative intensity changes, the ROESY experiment
depends on NOE transfers occurring in the rotating frame under the influence of a B1 magnetic
field. This always results in positive signals no matter how large the molecule or whether its
motion is fast or slow. Therefore, a ROESY experiment frequently will provide through-space
correlations when the same correlations in a NOESY experiment cannot be detected because of
molecule mobility.
INCREDIBLE NATURAL ABUNDANCE DOUBLE QUANTUM TRANSFER EXPERIMENT (INADEQUATE)
The INADEQUATE experiment uses a double quantum coherence to provide information about
13C nuclei directly coupled to other 13C nuclei. Thus it provides the same sort of information
that is available using a COSY experiment for proton couplings. Because of the low probability
of two 13C nuclei being attached to each other (only 1 in 10,000 molecules), this technique is
usually one of last resort. The ever-increasing sensitivity of cryogenically cooled probes used in
modern instrumentation makes this experiment practical in some cases.
Strategies for Establishment of Heteronuclear Connectivities
Although homonuclear 1H–1H connectivity is one important aspect of structure elucidation of
organic molecules, the establishment of heteronuclear connectivities is equally important,
although somewhat more difficult to obtain given the lower abundance of most heteroatoms. If
one has partial assignments in either the 1H or 13C spectrum, the knowledge of this
connectivity leads to a much fuller assignment of both spectra. Heteronuclear 2-D spectra do
not exhibit a diagonal as is seen in homonuclear correlations. Rather, cross-peaks occur at the
point of intersection of the 1H and 13C chemical shifts in the 2-D space as shown in Figure 8.

Figure 8. Partial 1H/13C HSQC spectrum of sucrose showing contours that indicate the onebond correlation between a given hydrogen and the carbon to which it is attached.
Heteronuclear 2-D spectra are designed so that 1H is the detected nucleus and are usually
acquired using inverse-detection probes because the 1H coil is wound closer to the sample than
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the broadband coil. This results in a better filling factor and a greater sensitivity for the 1H coil.
It should be noted that a newer configuration of coils has been developed that provides the
same sensitivity but does not utilize the inverse-detection coil arrangement. Typical
heteronuclear 2-D experiments include heteronuclear single quantum coherence (HSQC),
heteronuclear multiple quantum coherence (HMQC), and heteronuclear multiple bond correlation
(HMBC) experiments.
HMQC
The 2-D HMQC experiment provides information about correlation between protons and their
attached heteronuclei via the heteronuclear scalar coupling. The sequence selects double
quantum coherence transfer between scalar-coupled spins (13C–1H).
HSQC
HSQC spectroscopy is also an inverse chemical shift correlation experiment that yields the same
information as HMQC, i.e., the identification of directly bonded hydrogen–carbon interactions.
The correlation between heteronuclei is detected via the selection of single quantum coherence
transfer using the insensitive nuclear enhancement by polarization transfer (INEPT) sequences.
The main advantage of using this sequence instead of the HMQC sequence is that the F 1
domain does not contain any proton–proton couplings. Hence, the resolution is improved.
An interesting modification of this sequence is an edited HSQC experiment. This is a phasesensitive experiment that not only gives one-bond correlations between hydrogen and carbon
but also gives methyl and methine correlation peaks that are 180 out of phase with methylene
resonances.
HMBC
HMBC spectroscopy is a modified version of HSQC and is suitable for determining long-range (>
1-bond) 1H–13C connectivity. Long-range heteronuclear correlation spectroscopy can yield
signals for those nuclei that are separated by 2–4 bonds. This experiment, in conjunction with
the other 2-D experiments discussed above, allows one to define the structure of a molecule in
great detail.
QUANTITATIVE APPLICATIONS
NMR is one of the most useful techniques for quantitative analysis in chemistry. If appropriate
experimental conditions are chosen, the relative intensities of resonances are proportional to
the population of the nuclei causing those resonances. NMR experiments can be designed for
relative or absolute quantitation, either with an internal standard or without one.
Experimental Design for Quantitative NMR
Design for quantitation involves the elimination or precise measurement of differences in
intensities due to spin-lattice relaxation and NOE. The spin-lattice relaxation time (T 1) for all
resonances used in the procedure can be measured with an inversion recovery pulse sequence.
If a 90 pulse is used for excitation, quantitation at the level of 99.3% may be achieved with a
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recycle time, T r (the sum of the relaxation delay and aquisition time), of 5 × T 1, and improved
to even higher levels by using longer recycle times or shorter pulses. The general equation for
the degree of quantitation, Q, of a resonance as a function of the pulse angle, , and T r, and
T 1 is given by:

If a 45 excitation pulse is used, with a T r = 5T 1, Q = 0.998. However, the accuracy of
quantitation in the final spectrum depends not only on the Q values of the resonances but also
on the accuracy of the integration method and on the S/N ratio in the spectrum. Hence, Q
values somewhat less than unity may be warranted and other angles and recycle times should
be used.
The minimization of systematic quantitation bias should be sufficient for the intended use of the
procedure. Alternatively, quantitative procedures may be developed using conditions for which
Q is not unity for some or all resonances, provided the value of Q is precisely known and
corrected for.
For quantitative methods using heteronuclei, the possibility of differential NOEs should be
avoided by using a T r at least 5 times the longest T 1 value and by using inverse gated
decoupling (decoupler gated on only during the acquisition time). Preferably, 90 pulses should
be used. For quantitative methods, relaxation agents are often used for shortening the T 1
values of heteronuclei.
The reproducibility of an NMR method depends on a variety of acquisition and processing
parameters, all of which should be described in the procedure. These include pulse angle,
acquisition time, relaxation delay, spectral width, number of points in the FID, number of
acquisitions, number of points used (if any) for zero filling, line broadening, baseline correction,
integral breaks, and temperature. For best reproducibility, integral breaks should be specified to
0.01 ppm for 1H NMR methods and to 0.1 ppm for 13C methods.
Quantitative analysis, as well as detection of trace impurities, has markedly improved with
modern instrumentation. Stronger magnetic fields and improved probe technology have
enhanced the sensitivity of NMR procedures in recent years.
SOLID-STATE NMR
The analytical usefulness of solid-state NMR spectroscopy for studying solid materials lies in the
fact that the same types of nuclei in different solid-state environments exhibit different
resonance frequencies. Applications of this technique in pharmaceutical analysis range from
solid form (polymorph, solvate) identification and quantitation in bulk drug substances to
physical/chemical profiling of dosage forms. The technique has the unique ability to probe
electronic environments of specific nuclei in the solid state over a large timescale without the
requirement of single-crystal substrates or even homogeneous samples. Methods and
procedures presented herein are directed at observing 13C, the most popular NMR nucleus for
solids. The concepts may be equally applied to other relevant spin-1/2 nuclei such as lownatural-abundance 15N as well as high-natural-abundance 31P.
Cross-Polarization Magic Angle Spinning (CPMAS) NMR Technique
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The basic principles of NMR are the same for solution and solid-state measurements, but
conventional solution-phase 1-D NMR data acquisition techniques do not normally produce
detectable spectra for solid samples because of low sensitivity and extensive line broadening.
The sensitivity of the solid-state experiment is low for 13C based on its 1.1% natural
abundance and long spin-lattice (T 1) relaxation times. Line broadening arises primarily from
dipole–dipole interactions and chemical shift anisotropy (CSA), which are not averaged to zero
because of the fixed orientation of molecules in a packed solid sample vs the rapid molecular
tumbling of the molecules when they are in solution. If not averaged, CSA results in the
simultaneous observation of all different orientations of molecules with respect to the applied
magnetic field. CSA patterns may span the width of an entire liquid spectrum. Three
modifications to standard solution methods—cross-polarization (CP), magic angle spinning
(MAS), and high-power 1H decoupling—are routinely used in combination to obtain highresolution solid-state NMR spectra.
CROSS-POLARIZATION (CP)
CP addresses the low sensitivity associated with collecting NMR spectra of dilute spin-1/2
nuclei such as 13C. CP is a double-resonance procedure wherein abundant 1H and rare 13C
spins are brought into resonance by simultaneously applying two spin–locking rf fields (B1H and
B1C), the magnitude of which will satisfy the Hartmann–Hahn matching condition,
HB1H

=

CB1C

[23]

During this contact time, polarization transfer occurs allowing the rare 13C spins to take on the
magnetization and relaxation behavior of the abundant 1H spins, leading to a sensitivity
enhancement (up to four-fold based on the ratio of the 1H and 13C magnetogyric ratios) and a
reduction in the pulse repetition time. Reducing the pulse repetition time allows a greater
number of aquisitions to be accumulated per unit time, which yields a better S/N ratio. In
instances where it may be difficult or impossible to record CP spectra because of weak 13C–1H
coupling or short spin-lattice relaxation times in the rotating frame (T 1rH), direct polarization
(Bloch decay) may be the only approach to recording solid-state NMR spectra.
MAGIC ANGLE SPINNING (MAS)
Line broadening in solid-state NMR is eliminated or averaged by both MAS and high-power 1H
decoupling. MAS involves mechanically rotating the sample at an angle of 54.7 (the magic
angle) relative to the static magnetic field in order to simulate rapid molecular tumbling in
solution. Rotating a solid sample at the magic angle to minimize line broadening requires that
the sample be spun faster (in Hz) than the width of the CSA. High spinning rates are possible
with current MAS probe technology, but complications can arise with CP and may require
techniques such as ramped-amplitude CP (RAMP-CP) and variable-amplitude CP (VACP) to
improve the efficiency of magnetization transfer from 1H. Additionally, MAS can raise the
sample temperature significantly if it is not controlled, and pressures at the periphery of the
rotor may be thousands of times the ambient pressure. These stresses may induce phase
transformations, loss of solvent, and other effects.
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SIDEBAND SUPPRESSION
Slower spinning rates can be used to avoid compromising the solid sample, but when CSA is
incompletely averaged, spinning sidebands will appear in solid-state NMR spectra. These
artifacts are separated from the centerbands by integer multiples of the spinning rate (in Hz)
and can be readily identified as the peaks that shift in spectra acquired at different spinning
speeds. Spinning sideband manifolds contain useful information but can interfere with the
signals of interest and may be particularly problematic when one uses higher field instruments.
The total suppression of spinning sidebands (TOSS) procedure is commonly used to eliminate
spinning sidebands from solid-state NMR spectra.

Figure 9. 13C CPMAS NMR spectra of polycrystalline -glycine collected at different sample
spinning (MAS) rates. Spinning sidebands appear in solid-state NMR spectra when the sample
spinning frequency is less than the width of the CSA pattern.
HIGH-POWER 1H DECOUPLING
High-power 1H decoupling is used to further reduce the line broadening from dipolar coupling to
1H spins in the solid state. Specialized hardware is required to deliver the rf power needed for
1H decoupling in solids, an rf power that is two orders of magnitude greater than that required
to remove scalar coupling in liquids. CW decoupling is commonly used in solid-state NMR,
although two-pulse phase-modulated and small phase incremental alteration (SPINAL-64)
decoupling are increasingly used to improve the sensitivity and resolution of dilute spin spectra.
Typically only 1H–13C heteronuclear dipolar interactions are significant when one acquires solidstate 13C NMR spectra of organic materials. Homonuclear 13C–13C dipole–dipole and scalar
coupling interactions are negligible. Because of their low natural abundance, the probability that
two 13C nuclei are in close proximity is very small. However, homonuclear 13C–13C dipolar
coupling can be a concern for 13C-labeled substrates.
EXPERIMENTAL SETUP
The basic setup for a CPMAS experiment will necessarily include magic angle setting, shimming,
pulse calibration, Hartmann–Hahn matching, and spectral referencing, each of which is typically
conducted on standard samples. Accurate measurement of the pulse lengths and associated rf
power levels is essential for solid-state NMR experiments. Setting up the magic angle, shimming
a CPMAS probe, and measuring its sensitivity for different tuning ranges are parts of probe
setup and performance assessment. Shimming a solid-state NMR probe for MAS is more
complicated than that for a solution probe because shim gradients are designed for the vertical
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orientation of solution NMR tubes. Solid-state NMR probes have no 2H lock channel, so
shimming must be performed manually. Because of the intrinsically broad peaks, shimming is not
nearly as critical in solid-state NMR as it is in solution NMR.
Standard compounds used for setting the magic angle and optimizing pulse lengths and the
associated rf power levels for CP are listed in Table 6. KBr is commonly used for magic angle
adjustments, observing the 79Br resonance and adjusting the sample spinning angle to maximize
(to 10 ms and beyond) the duration of the rotational echo train in the FID. Liquid samples can
be used to shim solid-state NMR probes, although solid adamantane is commonly used for this
purpose. Adamantane, glycine, and hexamethylbenzene (HMB) are commonly used for
Hartmann–Hahn matching and testing sensitivity. Typically, the reference sample for testing
sensitivity is permanently packed into a rotor to ensure that the same amount of sample is
used.
Table 6. Standard Samples Commonly Used for Setting Up CPMAS Experiments
Setup Procedure
Nucleus
Standard Sample(s)
79Br
Setting the magic angle
KBr
13
Shimming
C
adamantane
1H, 13C
Pulse calibration
adamantane, HMB
1
13
Hartmann-Hahn matching
H/ C
adamantane, HMB
13C
Sensitivity
HMB, adamantane, -glycine
Solid-state NMR spectrometers are generally used without field/frequency locking, so the
resulting chemical shifts are less accurate than those for solutions. Calibration of the chemical
shift can be done using either a primary or secondary standard. Spectral referencing is typically
performed by sample replacement (external referencing). Standard compounds commonly used
for spectral referencing in solid-state NMR are listed in Table 7. Note that glycine is
polymorphic, so its crystal form should be ensured before its use in referencing spectra.
Table 7. Reference Compounds Commonly Used for Solid-State NMR
Chemical Shift
in ppm from
Nucleus
Primary Standard
Secondary Standard(s)
Primary Standard
17.35 (CH3 )
38.48 (CH2 )
176.45 (carboxyl)

TMS

HMB
adamantane
-glycine

31P

nitromethane
85% H3 PO4

NH4 15NO3
15
NH4 Cl
-glycine- 15N
CaHPO4 · 2H2 O (brushite)

5.1 (NO3 )
338.1
349.5
1.4

29Si

TMS

tetratrimethylsilylmethane

1.4

19F

CF 3 Cl

perfluorobenzene

166.4

13C

15N

General Test Procedure
Spectrometer performance should be demonstrated first for a reference sample as described in
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the Experimental Setup subsection. The magic angle, pulse lengths, and associated rf power
levels for CP that are established using the reference compounds are sample independent. To
obtain a CP spectrum of the sample, only the recycle delay needs to be chosen, followed by
the contact time. When quantitative signal intensities are not required, an optimum recycle
delay, i.e., one that affords the best S/N ratio, is 1.2T 1H and the contact time is generally that
which provides the optimum S/N ratio or that which best shows the features of most interest.
For quantitative CP, a recycle delay of at least five times the longest T 1H of a heterogeneous
mixture is suggested to ensure full relaxation, and a full analysis of the CP signal as a function
of contact time must be conducted. See the section Quantitative Analysis.
SAMPLE PREPARATION
Sample-handling procedures used in solid-state NMR are substantially different from those used
in liquid NMR. Solid samples are packed in ceramic rotors that are capped with fluted drive tips
specifically designed for MAS. Fine powders are typically tamped into MAS rotors, although solid
plugs, e.g., whole tablets, can be cut to fit the exact inner dimensions of the rotor and can be
inserted directly into the rotor. Crushing or grinding may be used to reduce the sample to a fine
powder, but caution should be used in order not to induce phase transformations. Depending on
the compressibility of the powder and the rotor volume, 40–400 mg of material is typically
required to fill a sample rotor.
Physical Characterization
Specific components in heterogeneous systems can be searched based on unique nuclei or
different NMR relaxation properties. The identification of crystalline and amorphous materials
can be accomplished by comparison of the solid-state NMR spectrum of the sample preparation
with that of a reference standard. Chemical shifts and relative peak intensities can be used in
the comparison. Amorphous materials generally give good MAS spectra with broader peaks than
those seen for crystalline materials. Highly crystalline samples typically give 13C linewidths of
the order of a few tens of Hz. The shape of the signals generally is between Lorentzian and
Gaussian, a fact that should be recognized in deconvoluting overlapped spectra.
Relaxation
Relaxation parameters of interest in solids include spin-lattice relaxation (T 1), spin-lattice
relaxation in the rotating frame (T 1 ), spin-spin relaxation (T 2), and cross-relaxation (T CP). In
organic solids, 1H spin diffusion is generally efficient so that pure compounds normally give
single values for each of the relaxation times, T 1 and T 1 . For CP experiments, T 1H is used to
establish the recycle delay between acquisitions. T 1H relaxation times can be measured using
either progressive saturation or inversion recovery pulse sequences. In CP experiments, T CP and
T 1 H characterize the magnetization build-up and decay, respectively. T 1 H is measured via
the 13C signal using a delayed contact CP pulse sequence that has a variable delay time before
the CP contact.
Quantitative Analysis
To assess quantitative solid-state NMR spectra under CP conditions extra measures must be
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taken. In addition to ensuring that the sample spinning axis is precisely set to the magic angle
(54.7 ) to minimize CSA broadening, the temperature and spin rate must be carefully controlled
and the MAS probe properly tuned. Suggested recycle delays of 5T 1H are allotted between
successive pulses to ensure that the magnetization has returned to its full equilibrium value.
Both T CP and T 1 H relaxation must then be accounted for in the selection of the contact time.
Typically, the CP contact time chosen is that which provides maximum sensitivity for the
signals of interest. Quantitative analysis can be performed using either internal or external
referencing methods. The use of internal standards can compensate for variability in sample
volume and B1 inhomogeneity throughout the sample.
By properly setting data acquisition parameters (recycle time, pulse widths, contact time,
Hartmann–Hahn match, and decoupling power for each chemical system), signals can be
obtained that are proportional to the number of nuclei producing them. For quantitative
analysis, integrated signal intensities should be used rather than peak heights because
linewidths in solid-state spectra often vary. When spinning sidebands are not eliminated by
MAS, the intensity of the spinning sideband manifold must be added to the centerband
intensity.
Spectral Editing
A key step in the analysis of any NMR spectrum is the assignment of individual resonances to
unique phases and, in some cases, to specific atoms in the molecule. Special pulse sequences
are available and may assist in simplifying CPMAS spectra and assigning signals. Dipolar
dephasing, also known as nonquaternary suppression or interrupted decoupling, yields spectra
that typically contain signals only from quaternary and methyl carbons. Spectral subtraction of
dipolar dephasing spectra from normal CP spectra or short contact time CP may be used to
produce subspectra that contain signals from methylene and methine carbons only.
Polarization-inversion techniques can be used to identify methylene and methine carbons.
LOW-FIELD NMR
Low field NMR (LF-NMR), sometimes referred to as time domain NMR (TD-NMR), experiments are
performed by measuring relaxation, relaxometry, or diffusion. Instrumentation for these
applications is based on low-field permanent magnet technologies that operate in the 2–25 MHz
frequency range. Inexpensive stationary bench-top and portable TD-NMR spectrometers are
commercially available. Typical bore sizes are 10–50 mm in diameter. A recent development in
spectrometer design uses a mobile mouse probe as an alternative to a stationary magnet. This
design allows analysis of samples of unrestricted size.
Most TD-NMR applications are based on simple pulsing sequences, including FID, Hahn–echo,
Carr–Purcell–Meiboom–Gill, and solid–echo acquisition. The choice of pulse sequence depends
on the physical and chemical properties of the sample as well as the information that is desired
from the experiment. These systems can be used to measure longitudinal (spin-lattice, T 1) and
transverse (spin-spin, T 2) relaxation times. Diffusion properties of compounds can be exploited
using pulsed field gradient (PFG-NMR) experiments.
The classical application of relaxometry is for the determination of food product components
based on differences in longitudinal and transverse relaxation times of water, fats, and
proteins.
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The magnitude of a substance’s capacity to enhance the relaxation rate of a nucleus is
referred to as relaxivity, expressed in units of sec 1mM 1. An example of such a substance
commonly used in NMR spectroscopy is paramagnetic chromium acetylacetonate. Paramagnetic
species are used in the medical industry as contrasting agents for magnetic resonance imaging.
The relaxivity of a substance is determined experimentally by measuring the spin-lattice
relaxation time (T 1) of a test substance and plotting 1/T 1 against the concentration in units of
mM (mmol/L). The slope of the curve is the numerical relaxivity.
USP36

BRIEFING
2040 Disintegration and Dissolution of Dietary Supplements, USP 34 page 871 and
page 5159 of the Second Supplement. Editorial revision is proposed to strengthen the language
of the chapter and reduce ambiguity regarding performance tests for dietary supplement
dosage forms.
(DS-GC: N. Davydova.)
Correspondence Number—C104151

Comment deadline: January 31, 2012
2040

DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS

Change to read:
INTRODUCTION
This general chapter is provided to determine compliance with the disintegration and dissolution
standards for dietary supplements where stated in the individual monographs.
For the purposes of this chapter, dietary supplement dosage forms have been divided into three
categories: Vitamin–Mineral Dosage Forms, Botanical Dosage Forms, and Dietary Supplements
Other Than Vitamin–Mineral and Botanical Dosage Forms. Vitamin–Mineral Dosage Forms
includes articles prepared with vitamins, minerals, or combinations of these dietary ingredients
(e.g., USP dietary supplements Class I to Class VI, described below)
, as described in Table 1. USP36
Botanical Dosage Forms comprises formulations containing ingredients of botanical origin,
including plant materials and extracts. Dietary Supplements Other Than Vitamin–Mineral and
Botanical Dosage Forms encompasses dietary supplements formulated with lawfully recognized
dietary ingredients that are different from those pertaining to the two foregoing categories
(e.g., amino acids, chondroitin, and glucosamine.)
Where a dietary supplement represents a combination of the categories mentioned above, and
there is a difference between the requirements for the individual categories, the more stringent
requirement applies.
[Note—“More stringent requirement” means stricter acceptance criteria and/or milder
operational conditions. ] USP36

Dissolution testing as described in this chapter is a quality-control tool to enable the
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performance of dietary supplements to be routinely assessed.
Disintegration and dissolution tests as described in this chapter are quality-control tools to
assess performance characteristics of dietary supplement finished dosage forms. These
performance standards are intended to detect problems that may arise due to use or misuse, or
changes in coatings, lubricants, disintegrants, and other components. These performance tests
are also intended to detect manufacturing process issues such as over-compression and overdrying that would affect the release characteristics of the final dosage forms. These tests are
not intended to be used as a demonstration or as a surrogate for in vivo absorption,
bioavailability, or effectiveness, unless an in vitro–in vivo correlation (IVIVC) has been
established. USP36
Change to read:
DISINTEGRATION
This test is provided to determine whether dietary supplement tablets or capsules disintegrate
within the prescribed time when placed in a liquid medium at the experimental conditions
presented below. Compliance with the limits on Disintegration stated in the individual
monographs for dietary supplements is required except where the label states that the
products are intended for use as troches, are to be chewed, or are designed as extendedrelease dosage forms. Dietary supplements claiming to be extended-release dosage forms must
comply with standards other than disintegration to verify that the release of the dietary
ingredients from the dosage form is for a defined period of time. Dietary supplements claiming to
be extended-release dosage forms shall not be labeled as in compliance with USP unless a USP
monograph exists for such product. Determine the type of units under test from the labeling
and from observation, and apply the appropriate procedure to 6 or more units.
For purposes of this test, disintegration does not imply complete solution of the unit or even of
its active constituent. Complete disintegration is defined as that state in which any residue of
the unit, except fragments of insoluble coating or capsule shell, remaining on the screen of the
test apparatus or adhering to the lower surface of the disk, if used, is a soft mass having no
palpably firm core.
Apparatus
Apparatus A: Use the Apparatus described under Disintegration 701 for tablets or capsules
that are not greater than 18 mm long. For larger tablets or capsules, use Apparatus B.
Apparatus B: The apparatus1 consists of a basket-rack assembly, a 1000-mL low-form beaker
for the immersion fluid, a thermostatic arrangement for heating the fluid between 35 and 39 ,
and a device for raising and lowering the basket in the immersion fluid at a constant frequency
rate between 29 and 32 cycles per min through a distance of NLT 53 mm and NMT 57 mm. The
volume of the fluid in the vessel is such that at the highest point of the upward stroke the wire
mesh remains at least 15 mm below the surface of the fluid and descends to not less than 25
mm from the bottom of the vessel on the downward stroke. At no time should the top of the
basket-rack assembly become submerged. The time required for the upward stroke is equal to
the time required for the downward stroke, and the change in stroke direction is a smooth
transition rather than an abrupt reversal of motion. The basket-rack assembly moves vertically
along its axis. There is no appreciable horizontal motion or movement of the axis from the
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vertical.
Basket-Rack Assembly: The basket-rack assembly (see Figure 1) consists of three open-ended
transparent tubes, each 77.5 ± 2.5 mm long and having an inside diameter of 32.0–34.6 mm
and a wall 2.0–3.0 mm thick; the tubes are held in a vertical position by two plastic plates,
each 97 ± 2 mm in diameter and 7.5–10.5 mm in thickness, with three holes, 36.0–40.6 mm in
diameter, equidistant from the center of the plate and equally spaced from one another.
Attached to the undersurface of the lower plate is 10-mesh No. 23 (0.025-inch) W. and M.
gauge woven stainless-steel wire cloth having a plain square weave. The parts of the
apparatus are assembled and rigidly held by means of three bolts passing through the two
plastic plates. A suitable means is provided to suspend the basket-rack assembly from the
raising and lowering device, using a point on its axis.
The design of the basket-rack assembly may be varied somewhat, provided that the
specifications for the glass tubes and the screen mesh size are maintained.
Beaker: Low form, 1000 mL; the difference between the diameter of the plastic plates, which
hold the tubes in a vertical position, and the inside diameter of the beaker should not be more
than 6 mm.2
Disks: Each tube is provided with a perforated cylindrical disk 15.3 ± 0.15 mm thick and 31.4 ±
0.13 mm in diameter. The disk is made of a suitable, transparent plastic material having a
specific gravity of between 1.18 and 1.20. Seven 3.15 ± 0.1-mm
in diameter USP36
holes extend between the ends of the cylinder, one of the holes being through the cylinder axis
and the others parallel with it and equally spaced on a 4.2-mm radius from it.
one of the holes being in the center and the other six parallel with it and spaced equally
tangent to a circle with a radius of 4.2-mm from the center of the disc. USP36
All surfaces of the disk are smooth.3
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Figure 1. Basket-rack assembly, Disintegration, Apparatus B (dimensions in mm).
Procedure
Test 6 dosage forms as described below for each dosage type. [Note—Two basket
arrangements for a total of 6 tubes are necessary for Apparatus B. ] If 1 or 2 dosage forms fail
to disintegrate completely, repeat the test on 12 additional dosage forms.
USP36

Uncoated Tablets: Place 1 tablet in each of the tubes of the basket and, if prescribed, add a
disk to each tube. Operate the apparatus, using water or the specified medium as the
immersion fluid, maintained at 37 ± 2 . At the end of 30 min, lift the basket from the fluid, and
observe the tablets. : all of the tablets disintegrate completely If 1 or 2 tablets fail to
disintegrate completely, repeat the test on 12 additional tablets. The requirement is met if not
fewer than 16 of the total of 18 tablets tested disintegrate completely.
USP36

Plain Coated Tablets: Place 1 tablet in each of the tubes of the basket and, if the tablet has
a soluble external sugar coating, immerse the basket in water at room temperature for 5 min.
Then, if prescribed, add a disk to each tube, and operate the apparatus, using water or the
specified medium as the immersion fluid, maintained at 37 ± 2 . At the end of 30 min, lift the
basket from the fluid, and observe the tablets. : all of the tablets disintegrate completely If 1
or 2 tablets fail to disintegrate completely, repeat the test on 12 additional tablets. The
requirement is met if not fewer than 16 of the total of 18 tablets tested disintegrate
completely.
USP36

Delayed-Release (Enteric-Coated) Tablets:
Omit the use of a disk. USP36
Place 1 tablet in each of the 6 tubes of the basket, and if the tablet has a soluble external
sugar coating, immerse the basket in water at room temperature for 5 min. Then operate the
apparatus using simulated gastric fluid TS maintained at 37 ± 2 as the immersion fluid. After 1
h of operation in simulated gastric fluid TS, lift the basket from the fluid, and observe the
tablets: the tablets show no evidence of disintegration, cracking, or softening. Operate the
apparatus, using simulated intestinal fluid TS, maintained at 37 ± 2 , as the immersion fluid for
the time specified in the monograph. Lift the basket from the fluid, and observe the tablets. :
all of the tablets disintegrate completely. If 1 or 2 tablets fail to disintegrate completely, repeat
the test on 12 additional tablets: not fewer than 16 of the total of 18 tablets tested
disintegrate completely.
USP36

Delayed-Release (Enteric-Coated) Soft Shell Capsules: Place 1 softgel capsule in each of
the 6 tubes of the basket. Use two baskets for a total of six tubes for Apparatus B.
USP36
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Omit the use of a disk. Operate the apparatus using simulated gastric fluid TS maintained at 37
± 2 as the immersion fluid. After 1 h of operation in simulated gastric fluid TS, lift the basket
from the fluid and observe the softgels: the softgels show no evidence of disintegration or
rupture permitting the escape of the contents. Operate the apparatus with disks, using
simulated intestinal fluid TS, maintained at 37 ± 2 , as the immersion fluid
for NMT 60 min. USP36
Lift the basket from the fluid, and observe the capsules. All the capsules disintegrate
completely within 60 minutes. If 1 or 2 capsules fail to disintegrate completely, repeat the test
on 12 additional capsules: not fewer than 16 of the total of 18 capsules tested disintegrate
completely.
USP36

Buccal Tablets: Apply the test for Uncoated Tablets. After 4 h, lift the basket from the fluid,
and observe the tablets. : all of the tablets disintegrate completely. If 1 or 2 tablets fail to
disintegrate completely, repeat the test on 12 additional tablets: not fewer than 16 of the total
of 18 tablets tested disintegrate completely.
USP36

Sublingual Tablets: Apply the test for Uncoated Tablets. At the end of the time limit specified
in the individual monograph, all the tablets disintegrate completely. If 1 or 2 tablets fail to
disintegrate completely, repeat the test on 12 additional tablets: not fewer than 16 of the total
of 18 tablets tested disintegrate completely.
observe the tablets. USP36
Hard Shell Capsules: Apply the test for Uncoated Tablets, using as the immersion fluid,
maintained at 37 ± 2 , a 0.05 M acetate buffer prepared by mixing 2.99 g of sodium acetate
trihydrate and 1.66 mL of glacial acetic acid with water to obtain a 1000-mL solution having a
pH of 4.50 ± 0.05. Attach a removable wire cloth, as described in Basket-Rack Assembly, to
the surface of the upper plate of the basket-rack assembly. At the end of 30 min, lift the
basket from the fluid, and observe the capsules. : all of the capsules disintegrate except for
fragments from the capsule shell. If 1 or 2 capsules fail to disintegrate completely, repeat the
test on 12 additional capsules: not fewer than 16 of the total of 18 capsules tested
disintegrate completely.
USP36

Soft Shell Capsules: Proceed as directed in Rupture Test for Soft Shell Capsules.
Use of Disks
Vitamin–Mineral Dosage Forms: Add a disk to each tube unless otherwise specified
in the Procedure above or USP36
in the individual monograph.
Botanical Dosage Forms: Omit the use of disks unless otherwise specified
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in the Procedure above or

USP36

in the individual monograph.
Dietary Supplements Other Than Vitamin–Mineral and Botanical Dosage Forms: Omit the
use of disks unless otherwise specified
above or USP36
in the individual monograph.
Note—The use of disks for enteric-coated tablets is not permitted.
USP36

Tolerances
All of the 6 dosage forms initially tested or not fewer than 16 of a total of 18 dosage forms
tested disintegrate completely. USP36

RUPTURE TEST FOR SOFT SHELL CAPSULES
Medium: Water; 500 mL
Apparatus: Use Apparatus 2 as described in Dissolution

711 , operating at 50 rpm.

Time: 15 min
Procedure: Place 1 capsule in each vessel, and allow the capsule to sink to the bottom of the
vessel before starting rotation of the blade. Use sinkers if the capsules float. Observe the
capsules, and record the time taken for each capsule shell to rupture.
Tolerances: The requirements are met if all of the capsules tested rupture in not more than 15
min. If 1 or 2 of the capsules rupture in more than 15 but NMT 30 min, repeat the test on 12
additional capsules: NMT 2 of the total of 18 capsules tested rupture in more than 15 but NMT
30 min. For soft gelatin capsules that do not conform to the above rupture test acceptance
criteria, repeat the test with the addition of purified pepsin to the Medium that results in an
activity of 750,000 Units or less per 1000 mL.
Change to read:
DISSOLUTION
This test is provided to determine compliance with the Dissolution requirements where stated in
the individual monograph for dietary supplements, except where the label states that tablets
are to be chewed.
The operative assumption inherent in this test is that if the index vitamin or mineral or marker
compound(s) for a botanical is dissolved within the time frame and under conditions specified,
the dosage form does not suffer from formulation or manufacturing-related problems affecting
the adequate release of the active ingredients. USP36
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Apparatus

See Dissolution 711
related information.

USP36

for description of apparatus used, Apparatus Suitability Test, and other

Soft gelatin capsule preparations of dietary supplements meet the requirements for
Disintegration.
Official until December 1, 2011
(RB 1-Jun-2011)

USP36

Figure 2 shows the schematic view of a flow-through cell specifically intended for lipid-filled
soft gelatin capsules. It consists of three transparent parts that fit into each other (USP
Apparatus 4).
(USP Apparatus 4) specifically intended for dissolution of lipid-filled soft shell capsules. USP36
The lower part (1) is made up of two adjacent chambers connected to an overflow device. The
dissolution medium passes through chamber A and is subjected to an upward flow. The flow in
chamber B is directed downward to a small-size bore exit that leads upward to a filter
assembly. The middle part (2) of the cell has a cavity designed to collect lipophilic excipients
that float on the dissolution medium. A metal grid serves as a rough filter. The upper part (3)
holds a filter unit for paper, glass fiber, or cellulose filters.

Figure 2. Flow-through cell designed for lipid-filled soft gelatin capsules (dimensions in mm).
Of the types of apparatus described in

711 , use the one specified in the individual
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monograph.
For hard or soft gelatin capsules and gelatin-coated tablets that do not conform to the
dissolution specification, repeat the test as follows. Where water or a medium with a pH of less
than 6.8 is specified as the Medium in the individual monograph, the same Medium specified
may be used with the addition of purified pepsin that results in an activity of 750,000 Units or
less per 1000 mL. For media with a pH of 6.8 or greater, pancreatin can be added to produce
NMT 1750 USP Units of protease activity per 1000 mL.
This nonspecific dissolution is intended to be diagnostic of known technological problems that
may arise as a result of coatings, lubricants, disintegrants, and other substances inherent in
the manufacturing process. For dosage forms containing botanical extracts, this dissolution
measurement allows an assessment of the extent of decomposition of the extract to polymeric
or other nondissoluble compounds that may have been produced by excessive drying or other
manipulations involved in the manufacture of botanical extracts. The operative assumption
inherent in this procedure is that if the index or marker compound(s) or the extract is
demonstrated to have dissolved within the time frame and under conditions specified, the
dosage form does not suffer from any of the above formulation or manufacturing related
problems.
USP36

Vitamin–Mineral Dosage Forms
All dietary supplements belonging to USP Classes II to V prepared as tablets or capsules, are
subject to the dissolution test and criteria described in this chapter for folic acid (if present)
and for index vitamins and index minerals. This test is required because of the importance of
the relationship between folate deficiency and the risk of neural tube defects. The
accompanying table lists the dissolution requirements for the individual USP classes of dietary
supplements. Class I dietary supplements are combinations of oil-soluble vitamins for which
dissolution standards are not established; hence, dissolution requirements do not apply to the
oil-soluble vitamins contained in formulations belonging to Class IV or Class V. Vitamin–mineral
combinations that may not be strictly covered by USP Classes I to Class VI are subject to the
dissolution test and criteria specified in the individual monographs.
All dietary supplement tablets or capsules containing folic acid are subject to the dissolution
test and criteria described in this chapter for folic acid. This test is required because of the
importance of the relationship between folate deficiency and the risk of neural tube defects.
Dietary supplements tablets or capsules containing water-soluble vitamins, minerals, or their
combination are subject to the dissolution test and criteria described in this chapter for index
vitamins, index minerals, or both. Dietary supplement tablet and hard shell capsule with solid
contents dosage forms containing vitamin A are subject to the dissolution test and criteria
described in this chapter for vitamin A. Dissolution standards were not established and
therefore not applicable to vitamin A in dietary supplement soft shell capsules filled with liquids.
Table 1 summarizes the dissolution requirements for the assigned USP classes of dietary
supplements. Vitamin–mineral combinations that don't belong to any of the USP classes listed in
the Table 1 are subject to the dissolution test and criteria specified in the individual
monographs. USP36
Dietary Supplements—Vitamin–Mineral
Dosage Forms
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Class
I
II

III

IV

V

VI
VII
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USP
Class
I

Combination of
Vitamins or Minerals
Present
Oil-Soluble Vitamins

II

Water-Soluble Vitamins

III

Water-Soluble Vitamins
with Minerals

IV

Oil- and Water-Soluble
Vitamins

V

Oil- and Water-Soluble
Vitamins with
Minerals

VI

Minerals

Dissolution Requirement
vitamin A (if present)—for
tablets only 2S (USP34)
one index vitamin; folic
acid (if present)
one index vitamin and
one index element;
folic acid (if present)
one index water-soluble
vitamin; folic acid
(if present)
one index water-soluble
vitamin and one
index element; folic
acid (if present)
one index element

Table 1. Dietary Supplements—Vitamin–Mineral Dosage Forms
Dissolution
Dissolution Requirement
Requirement
for Tablets and Hard Shell
for Soft Shell
Capsules
Capsules
With Solid Contents
Ingredients
Filled With Liquids
Oil-Soluble
vitamin A (if present)
not applicable
Vitamins
Water-Soluble
one index water-soluble
one index water-soluble
Vitamins
vitamin and folic
vitamin and folic
acid (if present)
acid (if present)
Water-Soluble
one index water-soluble
one index water-soluble
Vitamins with
vitamin, one index
vitamin, one index
Minerals
element and folic
element and folic
acid (if present)
acid (if present)
Oil- and Watervitamin A (if present),
one index water-soluble
Soluble Vitamins one index watervitamin and folic
soluble vitamin and
acid (if present)
folic acid (if present)
Oil- and Watervitamin A (if present),
one index water-soluble
Soluble Vitamins one index watervitamin, one index
with Minerals
soluble vitamin, one
element and folic
index element and
acid (if present)
folic acid (if present)
Minerals
one index element
one index element
Oil-Soluble
vitamin A (if present)
one index element
Vitamins
and one index element
with Minerals

USP36

SELECTION OF INDEX
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WATER-SOLUBLE

USP36

VITAMINS AND INDEX ELEMENTS
Compliance with the dissolution requirements for dietary supplements representing combinations
of water-soluble vitamins (Water-Soluble Vitamins Capsules and Water-Soluble Vitamins
Tablets) and combinations of oil- and water-soluble vitamins (Oil- and Water-Soluble Vitamins
Capsules and Oil- and Water-Soluble Vitamins Tablets) is determined by measuring the
dissolution of a single index vitamin from the water-soluble vitamins present. Riboflavin is the
index vitamin when present in the formulation. For formulations that do not contain riboflavin,
pyridoxine is the index vitamin. If neither riboflavin nor pyridoxine is present in the formulation,
the index vitamin is niacinamide (or niacin), and in the absence of niacinamide (or niacin), the
index vitamin is thiamine. If none of the above four water-soluble vitamins is present in the
formulation, the index vitamin is ascorbic acid.
Compliance with the dissolution requirements for dietary supplements representing combinations
of minerals (Minerals Capsules and Minerals Tablets) is determined by measuring the dissolution
of only one index element. Iron is the index element when present in the formulation. For
formulations that do not contain iron, the index element is calcium. If neither iron nor calcium is
present, the index element is zinc, and in the absence of all three of these elements,
magnesium is the index element.
Compliance with the dissolution requirements for dietary supplements representing combinations
of water-soluble vitamins and minerals (Water-Soluble Vitamins with Minerals Capsules and
Water-Soluble Vitamins with Minerals Tablets) and combinations of oil- and water-soluble
vitamins and minerals (Oil- and Water-Soluble Vitamins with Minerals Capsules and Oil- and
Water-Soluble Vitamins with Minerals Tablets) is determined by measuring the dissolution of one
index water-soluble vitamin and one index element, designated according to the respective
hierarchies described above.
DISSOLUTION CONDITIONS FOR VITAMIN A TABLETS
Note—Perform this test under light conditions that minimize photodegradation.
Medium: 1% (w/v) sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate buffer pH
6.8; 900 mL
Apparatus 2: 75 rpm
Time: 45 min
2S (USP34)

DISSOLUTION CONDITIONS FOR FOLIC ACID
Note—Perform this test under light conditions that minimize photodegradation.
Test 1

2S (USP34)

Medium: Water; 900 mL. If the units tested do not meet the requirements for dissolution in
water, test 6 additional dosage units for dissolution in a medium of 900 mL of 0.05 M pH 6.0
citrate buffer solution, prepared by mixing 9.5 mL of 0.1 M citric acid monohydrate and 40.5 mL
of 0.1 M sodium citrate dihydrate in a 100-mL volumetric flask, diluting with water to volume,
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mixing, and adjusting to a pH of 6.0 by using either 0.1 M hydrochloric acid or 0.1 M sodium
hydroxide solution.
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 45 mM citrate buffer, pH 6.0; 250 mL
Apparatus 3: 30 dpm
Screen (Top and Bottom): 56-mesh
Time: 1 h
2S (USP34)

Note—Compliance with the dissolution requirements for folic acid does not exempt the product
from dissolution testing of the pertinent index vitamin or the corresponding index mineral.
DISSOLUTION CONDITIONS FOR INDEX
WATER-SOLUBLE 2S (USP34)
VITAMINS AND INDEX MINERALS
Test 1

2S (USP34)

Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
For formulations containing 25 mg or more of the index vitamin, riboflavin, use the following
conditions:
Medium: 0.1 N hydrochloric acid; 1800 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
Test 2 (Not suitable for Minerals)
If the product complies with this test, the labeling indicates that it meets USP Dissolution Test
2.
Medium: 45 mM citrate buffer, pH 6.0; 250 mL
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Apparatus 3: 30 dpm
Screen (Top and Bottom): 56-mesh
Time: 1 h
2S (USP34)

Note—Compliance with dissolution requirements for the pertinent index vitamin or index mineral
does not exempt the product from dissolution testing of folic acid, if present.
PROCEDURES
In the following procedures, combine equal volumes of the filtered solutions of the 6 individual
specimens withdrawn, and determine the amount of
vitamin A, 2S (USP34)
folic acid, or the index vitamin or element dissolved, based on the average of 6 units tested.
Make any necessary modifications including concentration of the analyte in the volume of
Sample solution taken. Use the Medium for preparation of the Standard solution and dilution, if
necessary, of the Sample solution.
Vitamin A: Determine the percentage of retinyl acetate or retinyl palmitate dissolved by using
the following procedure.
Sample solution: Withdraw a portion of the solution under test, pass through a suitable filter
of 0.45-µm pore size, and use the pooled sample as the test specimen.
Standard solution: Dissolve a suitable amount of USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in isopropyl alcohol, and dilute with Medium to obtain a concentration similar to
that expected in the Sample solution. [Note—The amount of alcohol should be 5%–10%. ]
Solution A: Methanol and water (90:10)
Solution B: Methanol and isopropyl alcohol (55:45)
Mobile phase: See Table 2.
Time
(min)
0
8
13
13.1
15

Table 2
Solution A
(%)
100
0
0
100
100

Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 325 nm

621 , System Suitability.)

Solution B
(%)
0
100
100
0
0
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Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for retinyl acetate and NMT 2.0 for retinyl palmitate
Relative standard deviation: NMT 2.0%
Analysis
Samples: Appropriate Standard solution and Sample solution
Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol (C20 H30 O) in the appropriate Standard solution (µg/mL)
V = volume of Medium, 900 mL
L = label claim of vitamin A, as retinol (C20 H30 O) (µg/Tablet)
2S (USP34)

Folic Acid: Determine the amount of C19 H19 N7 O6 dissolved by using the procedure set forth in
the assay for Folic Acid in Oil- and Water-Soluble Vitamins with Minerals Tablets, in comparison
with a Standard solution having a known concentration of USP Folic Acid RS in the same
Medium.
Niacin or Niacinamide, Pyridoxine, Riboflavin, and Thiamine: Determine the amount of the
designated index vitamin dissolved by using the procedure set forth in the Assay for Niacin or
Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine in Water-Soluble Vitamins
Tablets.
Ascorbic Acid: Determine the amount of C6 H8 O6 dissolved by adding 10 mL of 1.0 N sulfuric
acid and 3 mL of starch TS to 100.0 mL of Sample solution, and titrating immediately with 0.01
N iodine VS. Perform a blank determination, and make any necessary correction.
Iron, Calcium, Magnesium, and Zinc: Determine the amount of the designated index element
dissolved by using the procedure set forth in the appropriate assay in Minerals Capsules.
TOLERANCES
The requirements are met if
NLT 75% of the labeled content of vitamin A,

2S (USP34)

NLT 75% of the labeled content of folic acid, and NLT 75% of the labeled content of the index
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vitamin or the index element from the units tested is dissolved.
2S (USP34)

Botanical Dosage Forms
Compliance with dissolution requirements necessitates the testing of 6 dosage units individually,
or testing 2 or more dosage units in each of the 6 vessels of the dissolution apparatus, and
measuring the dissolution of one or more index/marker compound(s) or the extract specified in
the individual monograph.
PROCEDURES
Combine equal volumes of the filtered solutions of the 6 or more individual specimens
withdrawn, and use the pooled sample as the sample solution. Determine the average amount
of index or marker compound(s) or the extract dissolved in the pooled sample by the procedure
specified in the individual monograph. Make any necessary modifications, including
concentration of the analyte in the volume of the Sample solution taken. Use the Medium for
preparation of the Standard solution and dilution, if necessary, of the Sample solution.
TOLERANCES
Unless otherwise specified in the individual monograph, the requirements are met if NLT 75% of
the labeled content of the index or marker compound(s) or the extract from the units tested is
dissolved in 1 h. USP34

Dietary Supplements Other Than Vitamin–Mineral and Botanical Dosage Forms
Unless otherwise stated in the individual monographs for dietary supplement dosage forms in
this category, compliance requires the testing of 6 individual units, measuring the dissolution of
the dietary ingredient as the average of the 6 units tested.
PROCEDURES
Combine equal volumes of the filtered solutions of the 6 specimens withdrawn, and use the
pooled sample as the Sample solution. Determine the average amount of dietary ingredient
dissolved in the pooled sample by the procedure specified in the individual monograph. Make
any necessary modifications, including concentration of the analyte in the volume of the
Sample solution taken. Use the Medium for preparation of the Standard solution and for
dilution, if necessary, of the Sample solution.
TOLERANCES
Because of the diversity of chemical characteristics and solubilities of dietary ingredients
pertaining to this category, general tolerances cannot be established. See individual
monographs for Tolerances.
1 An apparatus and disks meeting these specifications are available from Varian Inc., 13000 Weston Parkway,
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C ary, NC 27513, or from laboratory supply houses.

2 1000-mL low-form beakers, designed in compliance with the current ASTM E 960 Type I or
Type II or ISO 3819 specifications, meet the size requirements.
3 The use of automatic detection using modified disks is permitted where the use of disks is
specified or allowed. Such disks must comply with the requirements for density and dimensions
given in this chapter.
BRIEFING
L-Isoleucine.

It is proposed to add this new reagent used in the Assay and the test for
Organic Impurities in the monograph Levofloxacin Tablets, which appears elsewhere in this
issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C95016

Comment deadline: January 31, 2012
Add the following:
l-Isoleucine (2S,3S)-2-Amino-3-methylpentanoic acid, C6 H13 NO2 ——131.17 [73-32-5]—
Use a suitable grade. [Note—A suitable grade is available as catalog number I2752 from
www.sigma-aldrich.com. ] USP36
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 34 page 985, page 5260 of the
Second Supplement, and PF 37(5) [Sept.–Oct. 2011].
(HDQ.)
Correspondence Number—C88340; C89983; C92520; C95016; C97731; C98126; C104433;
C105873; C105874; C106101
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Ciprofloxacin Extended-Release Tablets

T

Add the following:
Doxycycline Tablets

T, LR

USP36

USP36
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Add the following:
Levofloxacin Tablets

T

Add the following:
Melatonin Tablets

T, LR

USP36

Add the following:
Oil-Soluble Vitamins with Minerals Capsules T, LR

USP36

Add the following:
Oil-Soluble Vitamins with Minerals Tablets

T, LR

USP36

Add the following:
Quinapril and Hydrochlorothiazide Tablets

W, LR

Add the following:
Rufinamide Tablets

T

Add the following:
Spirulina Tablets

W, LP

Add the following:
Torsemide Tablets

T

USP36

USP36

USP36

USP36

USP36

BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 34 page 994, page 5270
of the Second Supplement, page 1343 of PF 35(5) [July–Aug. 2009], page 1571 of PF 35(6)
[Nov.–Dec. 2009], page 271 of PF 36(1) [Jan.–Feb. 2010], page 578 of PF 36(2) [Mar.–Apr.
2010], page 1396 of PF 36(5) [Sept.–Oct. 2010], page 1782 of PF 36(6) [Nov.–Dec. 2010], and
PF 37(1) [Jan.–Feb. 2011], PF 37(3) [May–Jun. 2011], PF 37(4) [July–Aug. 2011], and PF 37(5)
[Sept.–Oct. 2011].
(HDQ.)
Correspondence Number—C84142; C89983; C90959; C93494; C95020
Change to read:
Citalopram Hydrobromide: White to almost white, crystalline powder. Soluble in alcohol;
sparingly soluble in water
and in dehydrated alcohol. USP36
Change to read:
Dantrolene Sodium: Fine orange to orange-brown powder. Sparingly soluble in acetone, in
dimethyformamide, and in glycerine
dimethylformamide and in glycerine; sparingly soluble to practically insoluble in acetone. USP36
Add the following:
Epoprostenol Sodium: White to off-white solid. Sparingly soluble in water.

USP36

Add the following:
Glyceryl Tristearate: White, solid, microcrystalline powder. Soluble in hot alcohol, in acetone,
and in chloroform; very slightly soluble in cold alcohol, in ether, and in petroleum ether;
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insoluble in water. NF category: Tablet and/or capsule lubricant; emulsifying and/or solubilizing
agent. NF31
Add the following:
Rufinamide: White, crystalline neutral powder. Slightly soluble in tetrahydrofuran and in
methanol; very slightly soluble in alcohol and in acetonitrile; practically insoluble in water.
USP36

BRIEFING
Iron, Carbonyl. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is proposed.
(DS: H. Dinh.)
Correspondence Number—C106259

Comment deadline: January 31, 2012
Add the following:
Iron, Carbonyl
Fe
55.85
[7439-89-6].
DEFINITION
Carbonyl Iron is elemental iron produced by chemical decomposition of purified iron
pentacarbonyl. It is a powder, composed of spherical microparticles. It contains NLT 98.0% of
iron (Fe), calculated on the as-is basis.
IDENTIFICATION
• A.
Analysis: Dissolve a sample in a dilute mineral acid.
Acceptance criteria: Hydrogen is evolved, and the resulting solutions give positive test for
Identification Tests—General

191 , Iron, Ferrous Salts.

• B.
Analysis: View a sample under a microscope having a magnifying power of 500 or greater.
Acceptance criteria: It appears as spheres built up with concentric shells. Its particle size
is 45–75 µm.
ASSAY
• Procedure
Sample: 200 mg
Blank: Proceed as directed in the Analysis, omitting use of the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N ceric sulfate VS
Endpoint detection: Potentiometric
Electrode system: Platinum indicating electrode and a silver–silver chloride reference
electrode (or an equivalent combination electrode)
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Analysis: Transfer the Sample into a 300-mL Erlenmeyer flask. Add 50 mL of 2 N sulfuric
acid, and close the flask with a stopper containing a Bunsen valve (made by inserting a
glass tube connected to a short piece of rubber tubing with a slit on the side and a glass
rod inserted in the other end and arranged so that gases can escape but air cannot
enter). Heat on a steam bath to completely dissolve the Sample. [Note—The solution
should be clear. ] Remove the flask from the steam bath, and allow the solution to cool at
room temperature with the stopper in place.
Add a stir bar and 50 mL of recently boiled and cooled water to the flask. Titrate the
solution with the Titrant through the inflection point. Perform a blank determination.
Calculate the percentage of iron (Fe) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual Titrant normality (mEq/mL)
F= equivalency factor, 55.85 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NLT 98.0% on the as-is basis
IMPURITIES
• Acid-Insoluble Substances
Sample: 1 g of Carbonyl Iron
Analysis: Dissolve the Sample in 25 mL of 2 N sulfuric acid, and heat on a steam bath until
the evolution of hydrogen ceases. Filter through a tared filter crucible, wash the residue
with water until free from sulfate, dry at 105 for 1 h, cool to room temperature, and
weigh.
Acceptance criteria: NMT 0.2%. The residue weighs NMT 2 mg.
• Elemental Impurities, Procedures
Acceptance criteria
Arsenic: NMT 3 µg/g
Lead: NMT 4 µg/g
Mercury: NMT 2 µg/g

233

SPECIFIC TESTS
• Particle Size Distribution Estimation By Analytical Sieving, Test Sieves 786 : NLT
100% passes through a 200-mesh sieve and NLT 95% passes through a 325-mesh sieve.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.

USP36

BRIEFING
Melatonin Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C104433
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Comment deadline: January 31, 2012
Add the following:
Melatonin Tablets
DEFINITION
Melatonin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of melatonin
(C13 H16 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Strength.
STRENGTH
• Procedure
Buffer: 0.5 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5, and filter.
Mobile phase: Acetonitrile and Buffer (25:75)
System suitability solution: 0.1 mg/mL of USP Melatonin RS and 0.02 mg/mL of USP
Melatonin Related Compound A RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Melatonin RS in Mobile phase
Sample solution: Filtered portion of the solution in Mobile phase, equivalent to 0.1 mg/mL
of Melatonin from NLT 20 finely powdered Tablets
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for melatonin related compound A and melatonin are
0.4 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4 between melatonin and melatonin related compound A, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of melatonin (C13 H16 N2 O2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Melatonin RS in the Standard solution (mg/mL)
C=
U nominal concentration of melatonin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements 2040 : Meet the requirements
for Dissolution
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: Dissolve a suitable amount of USP Melatonin RS in water to obtain a
concentration similar to that expected in the Sample solution.
Sample solution: Filtered portion of the solution under test
Analysis: Proceed as directed in Strength, making any necessary adjustments.
Calculate the percentage of the labeled amount of melatonin (C13 H16 N2 O2 ) dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Melatonin RS in the Standard solution (mg/mL)
V= volume of Medium, 500 mL
L= labeled amount of melatonin (mg/Tablet)
Tolerances: NLT 75% of the labeled amount of melatonin (C13 H16 N2 O2 ) is dissolved.
• Weight Variation of Dietary Supplements

2091 : Meet the requirements

IMPURITIES
• Related Compounds
Solution A: Acetonitrile
Solution B: Use Buffer, prepared as directed in Strength.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
25
75
7
25
75
15
80
20
18
25
75
25
25
75
Diluent: Mixture of Solution A and Solution B (25:75)
System suitability solution: 0.1 mg/mL of USP Melatonin RS and 0.02 mg/mL of USP
Melatonin Related Compound A RS in Diluent
Standard solution: 5 µg/mL of USP Melatonin RS in Diluent
Sample solution: Filtered solution in Diluent, equivalent to 1 mg/mL of melatonin from NLT
20 finely powdered Tablets
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection size: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for melatonin related compound A and melatonin are
0.4 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between melatonin and melatonin related compound A
Relative standard deviation: NMT 2.0% for the melatonin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of melatonin from the Standard solution
C=
S concentration of USP Melatonin RS in the Standard solution (mg/mL)
C=
U nominal concentration of melatonin in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states the quantity of melatonin in mg/Tablet.
• USP Reference Standards 11
USP Melatonin RS
USP Melatonin Related Compound A RS
2-(5-Methoxy-1H-indol-3-yl)ethanamine.
C11 H14 N2 O
190.24
USP36

BRIEFING
Pepper; Powdered Pepper; Powdered Pepper Extract. New USP dietary supplements
monographs are proposed. The liquid chromatographic procedure in the test for Content of
Piperine is based on analyses performed with the Phenomenex Luna C18 or Merck Lichrospher
RP-18e brands of L1 columns, with 5-µm packing. The typical retention time is about 24.0
min for piperine.
(DSB: M. Sharaf.)
Correspondence Number—C104093
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Comment deadline: January 31, 2012
Add the following:
Pepper
DEFINITION
Pepper consists of the dried fully developed unripe fruits of Piper nigrum L. (Fam. Piperaceae).
It contains NLT 2.5% of piperine, calculated on the dried basis.
IDENTIFICATION
• A. Pepper meets the requirements under Specific Tests, Botanic characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.9 mg/mL of USP Piperine RS in methanol
Standard solution B: 2.0 mg/mL of borneol in methanol
Standard solution C: 5 mg/mL of USP Powdered Pepper Extract RS in methanol. Sonicate
for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate for 10 min about 0.5 g of Pepper, finely powdered, in 5 mL of
methanol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 7 µL of the Sample solution and 3 µL of the Standard solutions, as
bands
Developing solvent system: A mixture of hexanes and ethyl acetate (5:3)
Spray reagent: A mixture of 17 mL of ice-cooled methanol, 2 mL of acetic acid, 1 mL of
sulfuric acid, and 0.1 mL of anisaldehyde mixed in this order.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands to a suitable high performance thin-layer chromatographic
plate (see Chromatography 621 ). Use a saturated chamber, and condition the plate
to a relative humidity of about 33% using a suitable device. Develop the chromatograms
until the solvent front has moved up about 7 cm from the lower edge of the plate.
Remove the plate from the chamber, dry, and examine under UV light at 254 nm. Spray
with Spray reagent, heat for 5 min at 100 , and examine under visible light.
Acceptance criteria: Under UV 254 nm, the chromatogram of the Sample solution exhibits
the most intense quenching band at RF of about 0.15 corresponding in RF to the piperine
band in the chromatogram of Standard solution A, a quenching band at RF of about 0.02,
and three quenching bands located between RF of about 0.3 and 0.5. Under visible light
and after spraying, the chromatogram of the Sample solution exhibits main bands similar in
position and color to the main bands in the chromatogram of Standard solution C. These
bands are: a dark green band of the same color and RF as the piperine band in Standard
solution A (RF of about 0.15), a weak violet band at RF of about 0.47 below the position of
the band due to borneol in Standard solution B, and a blue-green band in the lower part of
the chromatogram at RF of about 0.07. Other minor bands may be observed in the Sample
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solution and Standard solution C chromatograms. No blue bands are detected in the
chromatogram of the Sample solution at RF of about 0.10 and 0.58 (distinction from Long
Pepper).
• C. HPLC
Analysis: Proceed as directed in the test for Content of Piperine.
Acceptance criteria: The chromatogram of the Sample solution obtained at 343 nm
exhibits a major peak at the retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by comparison with the
chromatogram of Standard solution B and the Reference Chromatogram provided with the
lot of USP Powdered Pepper Extract RS being used. The Sample solution chromatogram
shows an additional peak corresponding to piperyline. The chromatogram of the Sample
solution obtained at 270 nm does not exhibit a peak due to (2E,4E)-Nisobutyldecadienamide at a relative retention time of 1.14 to the piperine peak (distinction
from Long Pepper).
COMPOSITION
• Content of Piperine
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
35
55
45
40
95
5
45
95
5
[Note—Proceed under subdued light or using low-actinic glassware.]
Standard solution A: 0.1 mg/mL of USP Piperine RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Pepper Extract RS in methanol
to obtain a solution having a concentration of about 0.5 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Sample solution: Transfer about 2.0 g of Pepper, finely powdered and accurately weighed,
to a 250-mL flask fitted with a reflux condenser. Add 50 mL of methanol, reflux on a water
bath for about 20 minutes, allow to settle, and decant the supernatant. Repeat until the
last extract is colorless. Combine the extracts, concentrate under vacuum, and adjust the
volume to 100 mL using methanol. Before injection, pass through a membrane filter of
0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 343 nm and 270 nm
Column: 4.6-mm × 25-cm; 5-µm, 100 packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained from Standard solution B is
similar to the reference chromatogram provided with the lot of USP Powdered Pepper
Extract RS being used.
Tailing factor: NMT 1.5 for the piperine peak, Standard solution A
Relative standard deviation: NMT 2.5% determined from the piperine peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note— Standard solution A, Standard solution B, and the Sample solution are stable for 6
h at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Pepper Extract RS being used,
identify the retention times of the peaks corresponding to piperine and piperyline in the
Sample solution chromatogram.
Calculate the percentage of piperine in the portion of Pepper taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area for piperine from the Sample solution chromatogram at 343 nm
rS= peak area for piperine from the Standard solution A chromatogram at 343 nm
C=
S concentration of USP Piperine RS in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Pepper used to prepare the Sample solution (mg)
Acceptance criteria: NLT 2.5% on the dried basis.
CONTAMINANTS
• Heavy Metals, Method III

231 : NMT 20 µg/g

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanic Characteristics
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Macroscopic: Fruit is an indehiscent, one-seeded berry, globose, ovoid to oblong, 3.5–6
mm in diameter, hard; surface is greyish-black to brownish-black, rough, with raised
reticulate wrinkles, shows remains of sessile stigma on the tip and a basal scar showing
point of attachment to the axis; characteristic aromatic odor; characteristic pungent
taste; seed white and hollow.
Microscopic
Transverse cut: Circular in outline with corrugated margin; shows outer narrow brownish
pericarp; a seed coat encircling the wide centeral whitish perisperm, hollow in center; a
narrow vertically running channel connecting the hollow center of the fruit to a small
endosperm adherent to the remains of the stigma; a small embryo is present in the
endosperm; a conical short projection at the base showing point of attachment to the
axis.
Transverse section: Shows a well differentiated pericarp, testa and perisperm; pericarp
consists of a layer of epicarp, a wide mesocarp, and a layer of endocarp; the epicarp
layer is covered with thick cuticle and containing a few stomata and small prisms of
calcium oxalate; mesocarp composed of 2–3 layers of parenchyma cells showing groups
of rectangular to circular lignified sclereides, a broad zone (12–15 layers) of tangentially
running parenchyma cells containing starch grains and showing isolated oval oil cells, a
broad zone (10–15 layers) of compactly arranged parenchyma cells smaller than those of
the outer zone and showing groups of fibrovascular bundles, 1–2 layers of tangentially
running oil cells, and 2–3 layers of thick-walled parenchyma cells; endocarp is composed
of one layer of three-sided thickened pitted stone cells (beaker-shape cells); testa is
composed of one layer of cells filled with brown pigments; perisperm is very wide,
composed of cells full of starch grains, some aleurone grains, and oil cells.
• Articles of Botanical Origin, Foreign Organic Matters

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I
• Articles of Botanical Origin, Water-Soluble Extractives, Method I

561 : NMT 10.0%
561 : NMT 9.0%

• Loss on Drying 731 :
Sample: 1.0 g of finely powdered Pepper
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Pepper
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-insoluble Ash
Sample: 1.0 g of finely powdered Pepper
Acceptance criteria: NMT 1.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards
USP Piperine RS

11
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USP Powdered Pepper Extract RS
USP36

BRIEFING
Powdered Pepper. See the briefing for Pepper.
(DSB: M. Sharaf.)
Correspondence Number—C104094

Comment deadline: January 31, 2012
Add the following:
Powdered Pepper
DEFINITION
Powdered Pepper is Pepper reduced to powder or very fine powder. It contains NLT 2.5% of
piperine, calculated on the dried basis.
IDENTIFICATION
• A. Powdered Pepper meets the requirements under Specific Tests, Botanic characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.9 mg/mL of USP Piperine RS in methanol
Standard solution B: 2.0 mg/mL of borneol in methanol
Standard solution C: 5 mg/mL of USP Powdered Pepper Extract RS in methanol. Sonicate
for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate for 10 min about 0.5 g of Powdered Pepper in 5 mL of
methanol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 7 µL of the Sample solution and 3 µL of the Standard solutions, as
bands
Developing solvent system: A mixture of hexanes and ethyl acetate (5:3)
Spray reagent: A mixture of 17 mL of ice-cooled methanol, 2 mL of acetic acid, 1 mL of
sulfuric acid, and 0.1 mL of anisaldehyde mixed in this order.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands to a suitable high performance thin-layer chromatographic
plate (see Chromatography 621 ). Use a saturated chamber, and condition the plate
to a relative humidity of about 33% using a suitable device. Develop the chromatograms
until the solvent front has moved up about 7 cm from the lower edge of the plate.
Remove the plate from the chamber, dry, and examine under UV light at 254 nm. Spray
with the Spray reagent, heat for 5 min at 100 , and examine under visible light.
Acceptance criteria: Under UV 254 nm, the chromatogram of the Sample solution exhibits
the most intense quenching band at RF of about 0.15 corresponding in RF to the piperine
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band in the chromatogram of Standard solution A, a quenching band at RF of about 0.02,
and three quenching bands located between RF of about 0.3 and 0.5. Under visible light
and after spraying, the chromatogram of the Sample solution exhibits main bands similar in
position and color to the main bands in the chromatogram of Standard solution C. These
bands are: a dark green band of the same color and RF as the piperine band in Standard
solution A (RF of about 0.15), a weak violet band at RF of about 0.47 below the position of
the band due to borneol in Standard solution B, and a blue-green band in the lower part of
the chromatogram at RF of about 0.07. Other minor bands may be observed in the Sample
solution and Standard solution C chromatograms. No blue bands are detected in the
chromatogram of the Sample solution at RF of about 0.10 and 0.58 (distinction from Long
Pepper).
• C. HPLC
Analysis: Proceed as directed in the test for Content of Piperine.
Acceptance criteria: The chromatogram of the Sample solution obtained at 343 nm
exhibits a major peak at the retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by comparison with the
chromatogram of Standard solution B and the Reference Chromatogram provided with the
lot of USP Powdered Pepper Extract RS being used. The Sample solution chromatogram
shows an additional peak corresponding to piperyline. The chromatogram of the Sample
solution obtained at 270 nm does not exhibit a peak due to (2E,4E)-Nisobutyldecadienamide at a relative retention time of 1.14 to the piperine peak (distinction
from Long Pepper).
COMPOSITION
• Content of Piperine
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
35
55
45
40
95
5
45
95
5
[Note—Proceed under subdued light or using low-actinic glassware.]
Standard solution A: 0.1 mg/mL of USP Piperine RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Pepper Extract RS in methanol
to obtain a solution having a concentration of about 0.5 mg/mL. Before injection, pass
through a membrane filter having a 0.45-µm or finer pore size, discarding the first few mL
of the filtrate.
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Sample solution: Transfer about 2.0 g of Powdered Pepper, accurately weighed, to a 250mL flask fitted with a reflux condenser. Add 50 mL of methanol, reflux on a water bath for
about 20 min, allow to settle, and decant the supernatant. Repeat until the last extract is
colorless. Combine the extracts, concentrate under vacuum, and adjust the volume to 100
mL using methanol. Before injection, pass through a membrane filter of 0.45-µm or finer
pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 343 nm and 270 nm
Column: 4.6-mm × 25-cm; 5-µm, 100 packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained from Standard solution B is
similar to the reference chromatogram provided with the lot of USP Powdered Pepper
Extract RS being used.
Tailing factor: NMT 1.5 for the piperine peak, Standard solution A
Relative standard deviation: NMT 2.5% determined from the piperine peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note— Standard solution A, Standard solution B, and the Sample solution are stable for 6
h at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Pepper Extract RS being used,
identify the retention times of the peaks corresponding to piperine and piperyline in the
Sample solution chromatogram.
Calculate the percentage of piperine in the portion of Powdered Pepper taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area for piperine from the Sample solution chromatogram at 343 nm
rS= peak area for piperine from the Standard solution A chromatogram at 343 nm
C=
S concentration of USP Piperine RS in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Pepper used to prepare the Sample solution (mg)
Acceptance criteria: NLT 2.5% on the dried basis
CONTAMINANTS
• Heavy Metals, Method III

231 : NMT 20 µg/g

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements
• Microbial Enumeration Tests

561 : Meets

2021 : The total aerobic bacterial count does not exceed
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105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Blackish-grey powder; characteristic aromatic odor; characteristic pungent
taste.
Microscopic: Fragments of polygonal epicarp cells, some containing small prisms of calcium
oxalate; parenchyma cells containing starch grains; oil cells; lignified sclereides; threesided thickened pitted stone cells (beaker-shape cells) both in surface and side view;
yellowish-brown polygonal cells of the testa; fragments of spiral vessels; parenchyma cells
full of starch grains; aleurone grains; oil drops; and starch grains.
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I
• Articles of Botanical Origin, Water-Soluble Extractives, Method I

561 : NLT 10.0%
561 : NLT 9.0%

• Loss on Drying 731
Sample: 1.0 g of Powdered Pepper
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Pepper
Acceptance criteria: NMT 5.0%

561

• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Powdered Pepper
Acceptance criteria: NMT 1.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards 11
USP Piperine RS
USP Powdered Pepper Extract RS
USP36

BRIEFING
Powdered Pepper Extract. See the briefing for Pepper.
(DSB: M. Sharaf.)
Correspondence Number—C104095

Comment deadline: January 31, 2012
Add the following:
Powdered Pepper Extract
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DEFINITION
Powdered Pepper Extract is prepared from Pepper using suitable solvents such as ethyl
acetate, methanol, or a mixture of these solvents. The ratio of plant material to extract is
about 15:1. It contains NLT 90.0% and NMT 110.0% of the labeled amount of piperine. It may
contain suitable added substances as carriers.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.9 mg/mL of USP Piperine RS in methanol
Standard solution B: 2.0 mg/mL of borneol in methanol
Standard solution C: 5 mg/mL of USP Powdered Pepper Extract RS in methanol. Sonicate
for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate for about 10 min an amount of Powdered Extract, equivalent to
about 10 mg of piperine, in 10 mL of methanol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 7 µL of the Sample solution and 3 µL of the Standard solutions, as
bands
Developing solvent system: A mixture of hexanes and ethyl acetate (5:3)
Spray reagent: A mixture of 17 mL of ice-cooled methanol, 2 mL of acetic acid, 1 mL of
sulfuric acid, and 0.1 mL of anisaldehyde mixed in this order.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands to a suitable high performance thin-layer chromatographic
plate (see Chromatography 621 ). Use a saturated chamber, and condition the plate
to a relative humidity of about 33% using a suitable device. Develop the chromatograms
until the solvent front has moved up about 7 cm from the lower edge of the plate.
Remove the plate from the chamber, dry, and examine under UV light at 254 nm. Spray
with the Spray reagent, heat for 5 min at 100 , and examine under visible light.
Acceptance criteria: Under UV 254 nm, the chromatogram of the Sample solution exhibits
the most intense quenching band at RF of about 0.15 corresponding in RF to the piperine
band in the chromatogram of Standard solution A, a quenching band at RF of about 0.02,
and three quenching bands located between RF of about 0.3 and 0.5. Under visible light
and after spraying, the chromatogram of the Sample solution exhibits main bands similar in
position and color to the main bands in the chromatogram of Standard solution C. These
bands are: a dark green band of the same color and RF as the piperine band in Standard
solution A (RF of about 0.15), a weak violet band at RF of about 0.47 below the position of
the band due to borneol in Standard solution B, and a blue-green band in the lower part of
the chromatogram at RF of about 0.07. Other minor bands may be observed in the Sample
solution and Standard solution C chromatograms. No blue bands are detected in the
chromatogram of the Sample solution at RF of about 0.10 and 0.58 (distinction from Long
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Pepper).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Piperine.
Acceptance criteria: The chromatogram of the Sample solution obtained at 343 nm
exhibits a major peak at the retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by comparison with the
chromatogram of the Standard solution B and the Reference Chromatogram provided with
the lot of USP Powdered Pepper Extract RS being used. The Sample solution
chromatogram shows an additional peak corresponding to piperyline. The chromatogram of
the Sample solution obtained at 270 nm does not exhibit a peak due to (2E,4E)-Nisobutyldecadienamide at a relative retention time of 1.14 to the piperine peak (distinction
from Long Pepper).
COMPOSITION
• Content of Piperine
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
35
55
45
40
95
5
45
95
5
[Note—Proceed under subdued light or using low-actinic glassware.]
Standard solution A: 0.1 mg/mL of USP Piperine RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Pepper Extract RS in methanol
to obtain a solution having a concentration of about 0.5 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Sample solution: Transfer an accurately weighed amount of Powdered Extract, equivalent
to about 25 mg of piperine, to a 25-mL volumetric flask, add 15 mL of methanol, and
sonicate for 10 minutes. Cool to room temperature, dilute with methanol to volume, and
mix. Dilute the obtained solution in methanol (1:10). Before injection, pass through a
membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 343 nm and 270 nm
Column: 4.6-mm × 25-cm; 5-µm, 100

packing L1
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Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained from Standard solution B is
similar to the reference chromatogram provided with the lot of USP Powdered Pepper
Extract RS being used.
Tailing factor: NMT 1.5 for the piperine peak, Standard solution A
Relative standard deviation: NMT 2.5% determined from the piperine peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note— Standard solution A, Standard solution B, and the Sample solution are stable for 6
hours at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Pepper Extract RS being used,
identify the retention time of the peaks corresponding to piperine and piperyline in the
Sample solution chromatogram.
Calculate the percentage of piperine in the portion of Powdered Extract taken:
P = (rU/rS) × (CS/CU) × 100
rU= peak area for piperine from the Sample solution chromatogram at 343 nm
rS= peak area for piperine from Standard solution A chromatogram at 343 nm
C=
S concentration of USP Piperine RS in Standard solution A (mg/mL)
C=
U concentration of Powdered Extract in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of piperine in the portion of Powdered
Extract taken:
Result = (P/L) × 100
P= content of piperine as determined above (%)
L= labeled amount of piperine (%)
Acceptance criteria: 90%–110% on the dried basis.
CONTAMINANTS
• Heavy Metals, Method III 231 : NMT 20 µg/g
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
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• Loss on Drying 731
Sample: 1.0 g of Powdered Extract
Analysis: Dry at 105 for 2 h
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. It meets other labeling requirements in Botanical
Extracts

565 .

• USP Reference Standards 11
USP Piperine RS
USP Powdered Pepper Extract RS
USP36

BRIEFING
Spirulina; Spirulina Tablets. New USP dietary supplements monographs are proposed. The gas
chromatographic identification test for Fatty Acids Profile is based on analyses performed
with the Restek Stabilwax of G16 columns, with 0.2-µm film thickness. The typical retention
times observed are about 7.6, 8.1, 11.3, 11.7, 12.7, 13.3, and 14.1 min for methyl
palmitate, methyl palmitoleate, methyl stearate, methyl oleate, methyl linoleate, methyl
gamma linolenate, and methyl alpha linolenate, respectively. The liquid chromatographic
procedure in the HPLC identification tests and in the test for Content of Beta Carotene and
Total Carotenoids is based on analyses performed with the Phenomenex Jupiter C18 of L1
columns, with 5-µm packing. The typical retention times observed are about 7.8 min for
chlorophyll a; and 1.5, 1.9, 2.8, 5.2, 5.9, 6.3, 9.8, 9.9, and 10.2 min for oscillo rhamnoside,
myxol rhamnoside, zeaxanthin, alloxanthin, echinenone, beta cryptoxanthin, all-trans-beta
carotene, cis-beta carotene #1, and cis-beta carotene # 2, respectively.
(DSB: M. Sharaf.)
Correspondence Number—C104313

Comment deadline: January 31, 2012
Add the following:
Spirulina
DEFINITION
Spirulina consists of the dried, whole, blue-green microalgae Arthrospira platensis (Nordst.)
Gomont, also known as Spirulina platensis Geitler; Arthrospira maxima Setchell & Gardner, also
known as Spirulina maxima Geitler; or Arthrospira fusiformis (Voronichin), also known as
Spirulina fusiformis (Voronichin) (Fam. Oscillatoriaceae).
IDENTIFICATION
• A. Spirulina meets the requirements in Specific Tests, Description for Macroscopic and
Microscopic characteristics.
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• B. Fatty Acids Profile
Methyl oleate solution: 1 mg/mL of USP Methyl Oleate RS in n-heptane
Standard solution: Dissolve quantities of USP Methyl Palmitate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, USP Methyl Oleate RS, USP Methyl Linoleate RS,
USP Methyl Linolenate RS ( ), and methyl gamma linolenate in n-heptane to obtain
concentrations of each methyl ester as given in Table 1.
Table 1
Methyl
Relative
Concentration
Ester
Retention
(mg/mL)
Time
Methyl palmitate
0.76
7
Methyl palmitoleate
0.79
1
Methyl stearate
0.97
0.4
Methyl oleate
1.00
1
Methyl linoleate
1.06
4
Methyl alpha linolenate
1.12
0.4
Methyl gamma linolenate
1.18
3
Sample solution: Transfer about 100 mg of Spirulina to a 50-mL round-bottom flask, fitted
with a water-cooled reflux condenser and a magnetic stir bar. Add 100 mg of pyrogallic
acid, 10 mL of 0.5 N methanolic sodium hydroxide solution (20 mg/mL of sodium hydroxide
in methanol), and heat the flask while stirring under reflux for 15 min. Add 5 mL of 14%
boron trifluoride–methanol through the reflux condenser into the flask, and continue boiling
for 2 more min. Add 5.0 mL of n-heptane through the condenser, and continue boiling for
an additional 1 min. Cool the flask, remove the condenser, and add 15 mL of saturated
sodium chloride solution. While the solution is still tepid, insert a stopper into the flask,
shake vigorously, and allow the layers to separate. Add sufficient saturated sodium
chloride solution to bring the upper n-heptane layer up into the neck of the flask. Transfer
the n-heptane layer into a suitable container, add a small quantity of anhydrous sodium
sulfate (previously washed with n-heptane), and shake. [Note—Fatty acids methyl esters
should be analyzed as soon as possible. They may be kept in an atmosphere of nitrogen at
2 for 24 h. ]
Blank: Use n-heptane.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 25-m fused silica capillary; 0.2-µm film of phase G16 coating
Temperature
Injector: 220
Detector: 260
Column: See Table 2.
Table 2
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Initial
Temperature
Temperature
Ramp
( )
( /min)

Final
Hold Time at Final
Temperature
Temperature
( )
(min)

70
0
70
2
70
5
240
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 µL
System suitability
Samples: Methyl oleate solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements:
Resolution: NLT 1.5 between methyl stearate and methyl oleate peaks
Relative standard deviation: NMT 6.0% for the area responses of each of the methyl
palmitate and stearate peaks in repeated injections
Relative standard deviation: NMT 1.0% for the area response ratio of the methyl
palmitate to methyl stearate peaks in repeated injections
Analysis
Samples: Methyl oleate solution, Standard solution, Sample solution, and Blank
Identify the fatty acid ester peaks in the chromatogram of the Sample solution based on
the relative retention times given in Table 1 and by comparison to the chromatograms of
the Methyl oleate solution and the Standard solution. Measure the peak areas for all of
the fatty acid ester peaks in the chromatogram from the Sample solution.
Calculate the percentage of each fatty acid component in the portion of Spirulina taken:
Result = (A/B) × 100
A= peak area of individual fatty acid ester from the Sample solution
B= sum of areas of all peaks, excluding the solvent, from the Sample solution
Acceptance criteria: See Table 3 for individual fatty acids.
Table 3
Percentage of Total
Fatty Acids
(%)
Palmitic acid
40–45
Palmitoelic acid
3–5
Stearic acid
1–2
Oleic acid
3–6
Linoleic acid
20–22
Gamma linolenic acid
15–23
Alpha linolenic acid
<0.5
• C. HPLC for Chlorophyll A
Analysis: Proceed as directed in the test for Content of Beta Carotene and Total
Carotenoids, except analyze the Sample solution and Standard solution at 432 nm.
Acceptance criteria: The major peak in the Sample solution chromatogram is due to
chlorophyll a, at a relative retention time of about 0.8 to the peak of all-trans-beta
carotene.
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• D. HPLC for Carotenoids
Analysis: Proceed as directed in the test for Content of Beta Carotene and Total
Carotenoids.
Acceptance criteria: The major peak from the Sample solution corresponds to that of
all-trans-beta carotene from the Standard solution. The Sample solution chromatogram
exhibits additional peaks due to oscillo rhamnoside, myxol rhamnoside, zeaxanthin,
alloxanthin, echinenone, beta cryptoxanthin, and cis-isomers of beta carotene.
COMPOSITION
• Content of Beta Carotene and Total Carotenoids
[Note—It is important to have all glassware ready before starting the test. Minimize exposure of
the Standard solution and Sample solution to light. Proceed under subdued light using lowactinic glassware at a room temperature not to exceed 25 . The Standard solution and
Sample solution are stable for 12 h.]
Solution A: A mixture of a solution of 0.05% butylated hydroxytoluene in methanol and
water (9:1). Allow the mixture to equilibrate to room temperature before adjusting to final
volume with the solution of 0.05% butylated hydroxytoluene in methanol.
Solution B: A mixture of a solution of 0.05% butylated hydroxytoluene in methanol and
methylene chloride (88:12). Allow the mixture to equilibrate to room temperature before
adjusting to final volume with the solution of 0.05% butylated hydroxytoluene in methanol.
Mobile phase: See Table 4.
Table 4
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
1.0
95
5
2.5
0
100
10.75
0
100
11.00
95
5
16
95
5
Diluent: 50 µg/mL of butylated hydroxytoluene in methanol
Standard stock solution: 500 µg/mL of USP Beta Carotene RS in methylene chloride. [Note
—Prepare fresh at the time of use, and minimize the time before it is used to prepare the
Standard solution. ]
Standard solution: 2.5 µg/mL of USP Beta Carotene RS in Diluent from Standard stock
solution.
Determine the concentration of the Standard solution as follows.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Visible
Analytical wavelength: 450 nm
Cell path: 1 cm
Blank: Diluent

851 .)

Take three measurements using three different portions of the Standard solution.
Calculate the concentration of all-trans-beta carotene (µg/mL) in the Standard solution:
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Cs = (A/F) × (P/100)
A= average absorbance of the three portions of Standard solution
F= one thousandth of the absorptivity value of all-trans-beta carotene in Diluent, 0.25
mL·µg-1·cm-1
P= percentage of all-trans-beta carotene relative to total carotenoids in the Standard
solution as determined below in the Analysis
Sample solution: [Note—It may be necessary to grind Spirulina into a fine powder using a
pestle and mortar for the extraction to be exhaustive. ]
Transfer about 30 mg of Spirulina, accurately weighed, into a centrifuge tube, add 3 mL of
dimethyl sulfoxide, and a few glass beads. Mix on a vortex mixer to disperse the sample.
For 15 min, repeat the process of immersing in a water bath maintained at a temperature
of 45 and mixing on a vortex mixer. Remove the tube from the water bath, and centrifuge
at about 4000 rpm for 3 min. Transfer the supernatant to a 25-mL volumetric flask. To the
residue, add 3 mL of methanol, mix on a vortex mixer, centrifuge at about 4000 rpm for 3
min, and transfer the supernatant to the volumetric flask. Repeat until the last methanol
extract is colorless. Dilute with methanol to volume, and mix. If particles are still present
in the final extract, centrifuge a portion at about 4000 rpm for 3 min, and use the
supernatant.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 476 nm
Column

621 , System Suitability.)

Guard: 2.0-mm × 4-cm; 5-µm, 300

, packing L1

Analytical: 2.0-mm × 15-cm; 5-µm, 300
Temperature

, packing L1

Column: 25 ±1
Injector: 20 ±1
Flow rate: 0.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Inject the Standard solution repeatedly (about 2–3 times) until a consistent retention
time, within ± 0.2 min, is obtained.
Relative standard deviation: NMT 2.0%, determined from all-trans-beta carotene
peak in repeated injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify the peak corresponding to
all-trans-beta carotene in the Sample solution chromatogram. Identify the peaks
corresponding to oscillo rhamnoside, myxol rhamnoside, zeaxanthin, alloxanthin,
echinenone, beta cryptoxanthin, and cis-isomers of beta carotene in the Sample solution
using the relative retention times provided in Table 5.
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Table 5
Carotenoids
Oscillo rhamnoside
Myxol rhamnoside
Zeaxanthin
Alloxanthin
Echinenone
Beta cryptoxanthin
All-trans-beta carotene
cis-Beta carotene
cis-Beta carotene

Relative
Retention Time
0.15
0.19
0.29
0.53
0.60
0.64
1.00
1.02
1.04

Calculate the percentage (P) of all-trans-beta carotene relative to total carotenoids in
the Standard solution.
P = (rU/rT) × 100
r=
U peak area response of all-trans-beta carotene from the Standard solution
r=
T sum of peak area responses of all carotenoids detected from the Standard solution,
including that of all-trans-beta carotene
Calculate the percentage of all-trans-beta carotene in the portion of Spirulina taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area response for all-trans-beta carotene from the Sample solution
rS= peak area response for all-trans-beta carotene from the Standard solution
C=
S concentration of all-trans-beta carotene in the Standard solution, as determined above
under Standard solution (µg/mL)
V= final volume of Sample solution (mL)
W= weight of Spirulina used to prepare the Sample solution (µg)
Calculate the percentage of total carotenoids in the portion of Spirulina taken:
Result = (SrU/rS) × CS × (V/W) × 100

Sr=
U sum of peak area responses for all carotenoids from the Sample solution
rS= peak area response for all-trans-beta carotene from the Standard solution
CS= concentration of all-trans-beta carotene in the Standard solution, as determined
above under Standard solution (µg/mL)
V = final volume of Sample solution (mL)
W= weight of Spirulina used to prepare the Sample solution (µg)
Acceptance criteria: NLT 0.15% of all-trans-beta carotene and NLT 0.35% of total
carotenoids, both calculated on the dried basis.
• Content of C-Phycocyanin
Buffer solution: Prepare a solution having a pH of 7, containing 13.9 g/L of monobasic
sodium phosphate, 26.81 g/L of dibasic sodium phosphate, and 0.05% of sodium azide.
Sample solution: Transfer about 15 mg of Spirulina, accurately weighed, into a centrifuge

PF 37(6): Nov.-Dec. 2011

208

tube, and add 10 mL of Buffer solution. Cap the tube, mix well on a vortex mixer for 1 min,
cover to protect from light, and store in a refrigerator overnight (12–14 h). After
overnight refrigerator storage, mix the tube on a vortex mixer for 1 min, and centrifuge at
3500 rpm for 4 min in a refrigerated centrifuge (10 ). Mix again on a vortex mixer for 1
min, and centrifuge at 3500 rpm for 6 min in a refrigerated centrifuge. Use the
supernatant.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Visible
Analytical wavelengths: 620 nm and 650 nm
Cell path: 1 cm
Blank: Buffer solution
Analysis
Measure the absorbance of the Sample solution at 620 nm and 650 nm using Buffer
solution as Blank.
Calculate the percentage of C-phycocyanin in the portion of Spirulina taken:
Result = (A620nm × 0.1757

A650nm × 0.1185) × (V/W) × 100

A620nm
= absorbance at 620 nm
A650nm
= absorbance at 650 nm
V
= volume of Sample solution (mL)
W = weight of Spirulina taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 6.0%, calculated on the dried basis
• Content of Protein
Sample: 100 mg of Spirulina
Analysis: Proceed as directed in Nitrogen Determination 461 , and multiply the nitrogen
content by 6.25
Acceptance criteria: NLT 50.0%, calculated on the dried basis
CONTAMINANTS
• Limit of Microcystins
Use a commercial ELISA kit with cross reactivity for microcystin LR and other microcystins,
suitable to detect microcystin LR at a concentration of 0.5 ng/mL. Kits typically consist of
antibody-coated test tubes or microplates, microcystin-horseradish peroxidase conjugate
solution, a buffer diluent, and a substrate for peroxidase color development.1
Solvent: A mixture of methanol and water (75:25)
Standard solution A: A 3-ng/mL solution of microcystin-LR
Standard solution B: A 0.5-ng/mL solution of microcystin-LR
Blank: Water
Sample solution: Homogenize for 3 min 3.0 g of Spirulina, accurately weighed, in 20.0 mL
of Solvent. Transfer the mixture to a teflon centrifuge tube, and centrifuge at 4500 rpm
for 10 min. Transfer the supernatant into a glass flask. Add 10.0 mL of Solvent to the
homogenizer, and homogenize the residue for 30 s. Transfer the solution to the centrifuge
tube, mix, and centrifuge at 4500 rpm for 10 min. Combine the supernatants, and mix.
Dilute with water (1 in 100).
System suitability

PF 37(6): Nov.-Dec. 2011

209

Samples: Standard solution A, Standard solution B, and Blank
System suitability requirement
Perform the ELISA determination according to the directions of the commercial kit
manufacturer.
Sensitivity: Color is developed with both the Blank and Standard solution B. The color
developed with the Blank is darker than the color developed with Standard solution B,
and the color developed with Standard solution A is lighter than the color developed
with Standard solution B.
Analysis
Samples: Standard solution B and Sample solution
Acceptance criteria: NMT 0.5 µg/g as microcystin LR, indicated by a darker color
developed for the Sample solution compared to that developed for Standard solution B.
• Elemental Contaminants
Analysis: Proceed as directed in Elemental Impurities
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 0.2 µg/g
Lead: NMT 0.2 µg/g
Mercury: NMT 0.025 µg/g

233 , Procedures

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Description
Macroscopic characteristics: Spirulina occurs as a fine, uniform powder, blue-green to
green in color.
Microscopic characteristics: Spirulina is a microscopic, filamentous, multicellular bluegreen microalgae. When fresh, filaments may appear as tightly coiled, relaxed helical coils.
Straight filaments of Spirulina may also be observed in cultures that have been under
continuous cultivation for more than 1 year. Under high magnification, filaments show a
typical prokaryotic structure without the presence of intracellular organelles other than
gas vesicles. Filaments have a diameter of 6–10 µm and a length of 100–400 µm and may
reach 1 mm if grown undisturbed. Spirulina filaments are broken when Spirulina is
harvested and dried into roughly uniform particles, 6–10 µm in diameter, and 20–60 µm in
length.
• Loss on Drying 731
Sample: 2 g of Spirulina
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 10%
• Articles of Botanical Origin, Total Ash 561 : NMT 15%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, under nitrogen, protected from
light and moisture, and store at room temperature.
• Labeling: The label states the Latin binominal and the official name.
• USP Reference Standards 11
USP Beta Carotene RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS
USP36

1 Suitable kits are available from EnviroLogix, 500 Riverside Industrial Parkway, Portland, Maine, 04103, USA
(www.envirologix.com).

BRIEFING
Spirulina Tablets. See Briefing for Spirulina.
(DSB: M. Sharaf.)
Correspondence Number—C106101

Comment deadline: January 31, 2012
Add the following:
Spirulina Tablets
DEFINITION
Spirulina Tablets are prepared from Spirulina. It contains NLT 100% of the labeled amount of
spirulina, represented by a content of beta carotene of NLT 0.15% of the labeled amount of
spirulina, a content of total carotenoids of NLT 0.35% of the labeled amount of spirulina, and a
content of C-phycocyanin of NLT 6.0% of the labeled amount of spirulina.
IDENTIFICATION
• A. Fatty Acids Profile
Methyl oleate solution: 1 mg/mL of USP Methyl Oleate RS in n-heptane
Standard solution: Dissolve quantities of USP Methyl Palmitate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, USP Methyl Oleate RS, USP Methyl Linoleate RS,
USP Methyl Linolenate RS ( ), and methyl gamma linolenate in n-heptane to obtain
concentrations of each methyl ester as given in Table 1.

Methyl Ester
Methyl palmitate
Methyl palmitoleate
Methyl stearate

Table 1
Relative
Retention Concentration
Time
(mg/mL)
0.76
7
0.79
1
0.97
0.4
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Methyl oleate
1.00
1
Methyl linoleate
1.06
4
Methyl alpha linolenate
1.12
0.4
Methyl gamma linolenate
1.18
3
Sample solution: Weigh and finely powder not fewer than 20 Tablets. Transfer an amount
of the powder, equivalent to about 100 mg of spirulina, to a 50-mL round-bottom flask,
fitted with a water-cooled reflux condenser and a magnetic stir bar. Add 100 mg of
pyrogallic acid, 10 mL of 0.5 N methanolic sodium hydroxide solution (20 mg/mL of sodium
hydroxide in methanol), and heat the flask while stirring and under reflux for 15 min. Add 5
mL of a solution of 14% boron trifluoride–methanol through the reflux condenser into the
flask, and continue boiling for 2 more min. Add 5.0 mL of n-heptane through the
condenser, and continue boiling for an additional 1 min. Cool the flask, remove the
condenser, and add 15 mL of saturated sodium chloride solution. While the solution is still
tepid, insert a stopper into the flask, shake vigorously, and allow the layers to separate.
Add sufficient saturated sodium chloride solution to bring the upper n-heptane layer up
into the neck of the flask. Transfer the n-heptane layer into a suitable container, add a
small quantity of anhydrous sodium sulfate (previously washed with n-heptane), and
shake. [Note—Fatty acids methyl esters should be analyzed as soon as possible. They
may be kept in an atmosphere of nitrogen at 2 for 24 h. ]
Blank: Use n-heptane.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 25-m fused silica capillary; 0.2-µm film of phase G16 coating
Temperature
Injector: 220
Detector: 260
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
70
0
70
2
70
5
240
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 µL
System suitability
Samples: Methyl oleate solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between methyl stearate and methyl oleate peaks
Relative standard deviation: NMT 6.0% for the area responses of each of the methyl
palmitate and stearate peaks in repeated injections
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Relative standard deviation: NMT 1.0% for the area response ratio of the methyl
palmitate to methyl stearate peaks in repeated injections
Analysis
Samples: Methyl oleate solution, Standard solution, Sample solution, and Blank
Identify the fatty acid ester peaks in the chromatogram of the Sample solution based on
the relative retention times provided in Table 1 and by comparison to the chromatograms
of the Methyl oleate solution and the Standard solution. Measure the peak areas for all of
the fatty acid ester peaks from the Sample solution.
Calculate the percentage of each fatty acid component in the portion of Tablets taken:
Result = (A/B) × 100
A= peak area of individual fatty acid ester from the Sample solution
B= sum of areas of all peaks, excluding the solvent, from the Sample solution
Acceptance criteria: See Table 3 for individual fatty acids.
Table 3
Percentage of Total
Fatty Acids
(%)
Palmitic acid
40–45
Palmitoelic acid
3–5
Stearic acid
1–2
Oleic acid
3–6
Linoleic acid
20–22
Gamma linolenic acid
15–23
Alpha linolenic acid
<0.5
• B. HPLC for Chlorophyll A
Analysis: Proceed as directed in the test for Content of Beta Carotene and Total
Carotenoids, except analyze the Sample solution and Standard solution at 432 nm.
Acceptance criteria: The major peak in the Sample solution chromatogram is due to
chlorophyll a, at a relative retention time of about 0.8 to the peak of all-trans-beta
carotene.
• C. HPLC for Carotenoids
Analysis: Proceed as directed in the test for Content of Beta Carotene and Total
Carotenoids.
Acceptance criteria: The major peak from the Sample solution corresponds to that of
all-trans-beta carotene from the Standard solution. The Sample solution chromatogram
exhibits additional peaks due to oscillo rhamnoside, myxol rhamnoside, zeaxanthin,
alloxanthin, echinenone, beta cryptoxanthin, and the cis-isomers of beta carotene at
relative retention times of 0.15, 0.19, 0.29, 0.53, 0.60, 0.64, 1.02, and 1.04, respectively,
to the peak of all-trans-beta carotene.
STRENGTH
• Content of Beta Carotene and Total Carotenoids
[Note—It is important to have all glassware ready before starting the test. Minimize exposure of
the Standard solution and Sample solution to light. Proceed under subdued light using lowactinic glassware at a room temperature not to exceed 25 . The Standard solution and
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Sample solution are stable for 12 h.]
Solution A: A mixture of a solution of 0.05% butylated hydroxytoluene in methanol and
water (9:1). Allow the mixture to equilibrate to room temperature before adjusting to final
volume with the solution of 0.05% butylated hydroxytoluene in methanol.
Solution B: A mixture of a solution of 0.05% butylated hydroxytoluene in methanol and
methylene chloride (88:12). Allow the mixture to equilibrate to room temperature before
adjusting to final volume with the solution of 0.05% butylated hydroxytoluene in methanol.
Mobile phase: See Table 4.
Table 4
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
1.0
95
5
2.5
0
100
10.75
0
100
11.00
95
5
16
95
5
Diluent: 50 µg/mL of butylated hydroxytoluene in methanol
Standard stock solution: 500 µg/mL of USP Beta Carotene RS in methylene chloride. [Note
—Prepare fresh at the time of use, and minimize the time before it is used to prepare the
Standard solution. ]
Standard solution: 2.5 µg/mL of USP Beta Carotene RS in Diluent from Standard stock
solution.
Determine the concentration of the Standard solution as follows.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Visible
Analytical wavelength: 450 nm
Cell path: 1 cm
Blank: Diluent

851 .)

Take three measurements using three different portions of the Standard solution.
Calculate the concentration of all-trans-beta carotene (µg/mL) in the Standard solution.
CS = (A/F) × (P/100)
A= average absorbance of the three portions of Standard solution
F= one thousandth of the absorptivity value of all-trans-beta carotene in Diluent, 0.25
mL·µg-1·cm-1
P= percentage of all-trans-beta carotene relative to total carotenoids in the Standard
solution as determined below in the Analysis
Sample solution: Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed amount of the powder, equivalent to about 30 mg of spirulina, into a
centrifuge tube, add 3 mL of dimethyl sulfoxide, and a few glass beads. Mix on a vortex
mixer to disperse the sample. For 15 min, repeat the process of immersing in a water bath
maintained at a temperature of 45 and mixing on a vortex mixer. Remove the tube from
the water bath, and centrifuge at about 4000 rpm for 3 min. Transfer the supernatant to
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a 25-mL volumetric flask. To the residue add 3 mL of methanol, mix on a vortex mixer,
centrifuge at about 4000 rpm for 3 min, and transfer the supernatant to the volumetric
flask. Repeat until the last methanol extract is colorless. Dilute with methanol to volume,
and mix. If particles are still present in the final extract, centrifuge a portion at about
4000 rpm for 3 min, and use the supernatant.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 476 nm
Column

621 , System Suitability.)

Guard: 2.0-mm × 4-cm; 5-µm, 300

, packing L1

Analytical: 2.0-mm × 15-cm; 5 µm, 300
Temperature

, packing L1

Column: 25 ±1
Injector: 20 ±1
Flow rate: 0.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Inject the Standard solution repeatedly (about 2–3 times) until a consistent retention
time, within ± 0.2 min, is obtained.
Relative standard deviation: NMT 2.0%, determined from all-trans-beta carotene
peak in repeated injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify the peak corresponding to
all-trans-beta carotene in the Sample solution chromatogram. Identify the peaks
corresponding to oscillo rhamnoside, myxol rhamnoside, zeaxanthin, alloxanthin,
echinenone, beta cryptoxanthin, and cis-isomers of beta carotene from the Sample
solution using the relative retention times provided in Table 5.
Table 5
Relative
Retention
Carotenoids
Time
Oscillo rhamnoside
0.15
Myxol rhamnoside
0.19
Zeaxanthin
0.29
Alloxanthin
0.53
Echinenone
0.60
Beta cryptoxanthin
0.64
All-trans-beta carotene
1.00
cis-Beta carotene
1.02
cis-Beta carotene
1.04
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Calculate the percentage (P) of all-trans-beta carotene relative to total carotenoids in
the Standard solution.
P = (rU/rT) × 100
r=
U peak area response of all-trans-beta carotene from the Standard solution
r=
T sum of peak area responses of all carotenoids detected from the Standard solution,
including that of all-trans-beta carotene
Calculate the percentage of all-trans-beta carotene in spirulina present in the portion of
Tablets taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area response for all-trans-beta carotene from the Sample solution
rS= peak area response for all-trans-beta carotene from the Standard solution
C=
S concentration of all-trans-beta carotene in the Standard solution, as determined above
under Standard solution (µg/mL)
V= final volume of Sample solution (mL)
W= labeled amount of spirulina in the portion of Tablets taken to prepare the Sample
solution (µg)
Calculate the percentage of total carotenoids in the labeled amount of spirulina in the
portion of Tablets taken:
Result = (SrU/rS) × CS × (V/W) × 100

Sr=
U sum of peak area responses for all carotenoids from the Sample solution
rS= peak area response for all-trans-beta carotene from the Standard solution
CS= concentration of all-trans-beta carotene in the Standard solution, as determined
above under Standard solution (µg/mL)
V = final volume of Sample solution (mL)
W= labeled amount of spirulina present in the portion of Tablets taken to prepare the
Sample solution (µg)
Acceptance criteria: NLT 0.15% of all-trans-beta carotene and NLT 0.35% of total
carotenoids, of the labeled amount of spirulina
• Content of C-Phycocyanin
Buffer solution: Prepare a solution having a pH of 7, containing 13.9 g/L of monobasic
sodium phosphate, 26.81 g/L of dibasic sodium phosphate, and 0.05% of sodium azide.
Sample solution: Transfer a portion of powdered Tablets, equivalent to 15 mg of spirulina,
accurately weighed, into a centrifuge tube, and add 10 mL of Buffer solution. Cap the
tube, mix well on a vortex mixer for 1 min, cover to protect from light, and store in a
refrigerator overnight (12–14 h). After overnight refrigerator storage, mix the tube on a
vortex mixer for 1 min, and centrifuge at 3500 rpm for 4 min in a refrigerated centrifuge
(10 ). Mix again on a vortex mixer for 1 min, and centrifuge at 3500 rpm for 6 min in a
refrigerated centrifuge. Use the supernatant.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Visible
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Analytical wavelengths: 620 nm and 650 nm
Cell path: 1 cm
Blank: Buffer solution
Analysis
Measure the absorbance of the Sample solution at 620 nm and 650 nm using Buffer
solution as the Blank
Calculate the percentage of C-phycocyanin in spirulina present in the portion of Tablets
taken:
Result = (A620nm × 0.1757

A650nm × 0.1185) × (V/W) × 100

A620nm
= absorbance at 620 nm
A650nm
= absorbance at 650 nm
V
= volume of Sample solution (mL)
W = labeled amount of spirulina in the portion of Tablets taken to prepare the Sample
solution (mg)
Acceptance criteria: NLT 6.0% of the labeled amount of spirulina
• Content of Protein
Sample: A portion of powdered Tablets equivalent to 100 mg of spirulina
Analysis: Proceed as directed in Nitrogen Determination 461 , and multiply the nitrogen
content by 6.25.
Acceptance criteria: NLT 50.0% of the labeled amount of spirulina
PERFORMANCE TESTS
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Limit of Microcystins: Use a commercial ELISA kit with cross reactivity for microcystin LR
and other microcystins, suitable to detect microcystin LR at a concentration of 0.5 ng/mL.
Kits typically consist of antibody-coated test tubes or microplates, microcystin-horseradish
peroxidase conjugate solution, a buffer diluent, and a substrate for peroxidase color
development 1.
Solvent: A mixture of methanol and water (75:25)
Standard solution A: A 3-ng/mL solution of microcystin-LR
Standard solution B: A 0.5-ng/mL solution of microcystin-LR
Blank: Water
Sample solution: Homogenize for 3 min a portion of powdered Tablets, equivalent to 3.0 g
of the labeled amount of spirulina, accurately weighed, in 20.0 mL of Solvent. Transfer the
mixture to a teflon centrifuge tube, and centrifuge at 4500 rpm for 10 min. Transfer the
supernatant into a glass flask. Add 10.0 mL of Solvent to the homogenizer, and
homogenize the residue for 30 s. Transfer the solution to the centrifuge tube, mix, and
centrifuge at 4500 rpm for 10 min. Combine the supernatants, and mix. Dilute with water
(1 in 100).
System suitability
Samples: Standard solution A, Standard solution B, and Blank
System suitability requirement
Perform the ELISA determination according to the directions of the commercial kit
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manufacturer.
Sensitivity: Color is developed with both the Blank and Standard solution B. The color
developed with the Blank is darker than the color developed with Standard solution B,
and the color developed with Standard solution A is lighter than the color developed
with Standard solution B.
Analysis
Samples: Standard solution B and Sample solution
Acceptance criteria: NMT 0.5 µ/g as microcystin LR, indicated by a darker color
developed for the Sample solution compared to that developed for the Standard solution
B.
• Elemental Contaminants

2233 : Meet the requirements

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meet

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli in 10 g
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the article from
which the Tablets were prepared. The label also indicates the amount, in mg/Tablet, of
spirulina. Label Tablets to indicate the content, in percentage, of beta carotene, total
carotenoids, and C-phycocyanin in the spirulina used to prepare the Tablets.
• USP Reference Standards 11
USP Beta Carotene RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS
USP36

1 Suitable kits are available from EnviroLogix, 500 Riverside Industrial Parkway, Portland, Maine, 04103, USA
(www.envirologix.com).

BRIEFING
Oil-Soluble Vitamins Oral Solution. Because there is no existing USP monograph for this
dosage form, a new monograph is proposed.
(DS2010: N. Davydova.)
Correspondence Number—C105871

Comment deadline: January 31, 2012
Add the following:
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Oil-Soluble Vitamins Oral Solution
DEFINITION
Oil-Soluble Vitamins Oral Solution contains two or more of the following oil-soluble vitamins:
Vitamin A, as retinol or esters of retinol in the form of retinyl acetate or retinyl palmitate;
Vitamin D, as ergocalciferol (Vitamin D2 ) or cholecalciferol (Vitamin D3 ); Vitamin E, as alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate; Phytonadione
(Vitamin K1 ); and beta carotene. It contains NLT 90.0% and NMT 150.0% of the labeled
amounts of vitamin A, as retinol equivalent (C20 H30 O); vitamin D, as cholecalciferol (C27 H44 O)
or ergocalciferol (C28 H44 O); vitamin E, as alpha tocopherol (C29 H50 O2 ), alpha tocopheryl
acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ); phytonadione (C31 H46 O2 );
and beta carotene (C40 H56 ).
STRENGTH
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Equivalent to 13 µg/mL of retinol from an accurately measured volume of
Oral Solution in n-hexane
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the appropriate Standard solution
C=
S concentration of retinol in the appropriate Standard solution (µg/mL)
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C=
U nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of vitamin A as retinol
equivalent (C20 H30 O)
• Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample stock solution: Equivalent to 20 µg/mL of cholecalciferol or ergocalciferol from an
accurately measured volume of Oral Solution in n-hexane
Sample solution: Transfer 5.0 mL of the Sample stock solution to a container having a
polytef-lined screw cap and heat, with constant shaking, for 1 h in a water bath
maintained at 60 to obtain a solution containing vitamin D (cholecalciferol or
ergocalciferol) and its corresponding precursor. Cool, and dilute with n-hexane to obtain a
solution containing 2 µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09
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Acceptance criteria: 90.0%–150.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution in water (1 in 100)
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Equivalent to 2.0 mg/mL of alpha tocopherol, alpha tocopheryl acetate,
or alpha tocopheryl acid succinate from an accurately measured volume of Oral Solution in
methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of vitamin E.
• Phytonadione (Vitamin K1)
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
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diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume. ]
Sample solution: Equivalent to 20 µg/mL of phytonadione from an accurately measured
volume of Oral Solution in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach to room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
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Determine the concentration of Standard solution A from the concentration of Standard
solution B as described below.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B

851 .)

Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A. ]
Result = A/F
A= average absorbance of the three preparations of Standard solution B
F= absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample stock solution: Transfer an accurately measured volume of Oral Solution
equivalent to 20 mg of beta carotene to a 250-mL volumetric flask. Add 250 mg of
butylated hydroxytoluene, 120 mL of methylene chloride, and 100 mL of alcohol. Shake
the flask until the sample is completely dissolved or suspended. Let the mixture stand in
the dark until it reaches room temperature (about 2 h). Add methylene chloride to volume,
and shake again vigorously.
Sample solution: Dilute a volume of the Sample stock solution with a mixture of methylene
chloride and Diluent (1:1) to obtain the final concentration of beta carotene of 3 µg/mL.
Pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
[Note—The approximate relative retention times of the components in the System
suitability solution are listed in Table 1.]
Table 1
Relative
Retention
Name
Time
All-trans-alpha carotene
0.93
All-trans-beta carotene
1.00

Relative
Response
Factor
1.1
1

PF 37(6): Nov.-Dec. 2011

223

9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the reference chromatogram provided with the lot of USP Beta Carotene
System Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of all-trans-beta carotene from the Sample solution
rS= peak area of all-trans-beta carotene from Standard solution A
C=
S concentration of all-trans-beta carotene in Standard solution A as determined by the
spectrometric procedure
C=
U nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–150.0% of the labeled amount of beta carotene (C40 H56 ).
OTHER COMPONENTS
• Alcohol Determination, Method I 611 (if present): 90.0%–120.0% of the labeled amount
of C2 H5 OH
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
3× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102
cfu/mL.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species, and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, under an inert gas or
with a minimum of headspace.
• Labeling1 : The label states that the product is Oil-Soluble Vitamins Oral Solution. The label
states the quantity of each vitamin present in a given volume of Oral Solution and, where
necessary, the chemical form in which a vitamin is present. Where the product contains
vitamin E, the label indicates whether it is the d- or dl- form.
• USP Reference Standards
USP Alpha Tocopherol RS

11
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Alpha Tocopheryl Acetate RS
Alpha Tocopheryl Acid Succinate RS
Beta Carotene RS
Beta Carotene System Suitability RS
Cholecalciferol RS
Ergocalciferol RS
Phytonadione RS
Retinyl Acetate RS
Retinyl Palmitate RS

USP36

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acetate =
1.36 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil-Soluble Vitamins with Minerals Capsules. Because there is no existing USP monograph
for this dosage form, a new monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C105874

Comment deadline: January 31, 2012
Add the following:
Oil-Soluble Vitamins with Minerals Capsules
DEFINITION
Oil-Soluble Vitamins with Minerals Capsules contain two or more of the following oil-soluble
vitamins: Vitamin A, as retinol or esters of retinol in the form of retinyl acetate or retinyl
palmitate; Vitamin D as ergocalciferol (Vitamin D2 ) or cholecalciferol (Vitamin D3 ); Vitamin E, as
alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate; Phytonadione
(Vitamin K1 ); beta carotene; and one or more minerals derived from substances generally
recognized as safe, furnishing one or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Capsules contain NLT 90.0% and
NMT 165.0% of the labeled amounts of vitamin A, as retinol equivalent (C20 H30 O); vitamin D, as
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E, as alpha tocopherol
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(C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0% and NMT
125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
STRENGTH
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container
having a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely
as possible, the contents of NLT 20 Capsules by cutting open the Capsule shells,
transferring the shells and their contents to a suitable container, and triturating to a
homogeneous mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a
container having a polytef-lined screw cap. ]Add 10 mL of dimethyl sulfoxide and 15 mL of
n-hexane, and shake for 45 min in a water bath maintained at 60 . Centrifuge at 3000 rpm
for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Further dilute this solution with n-hexane to
obtain a solution with a concentration of 13 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
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portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the appropriate Standard solution
C=
S concentration of retinol in the appropriate Standard solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
equivalent (C20 H30 O)
• Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of a solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and concentrate, if necessary, in vacuum at
room temperature to obtain a solution with an expected concentration of 2 µg/mL of
cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
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C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E
• Phytonadione (Vitamin K1)
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[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume. ]
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 20
µg/mL of of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach to room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
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System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A from the concentration of Standard
solution B as described below.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B

851 .)

Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A. ]
Result = A/F
A= average absorbance of the three preparations of Standard solution B
F= absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Dissolve the residue in a mixture of methylene chloride and
Diluent (1:1), and dilute with the same mixture to obtain a concentration of 3 µg/mL of
beta carotene. Pass through a membrane filter of 0.45-µm pore size if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
[Note—The approximate relative retention times of the components in the System
suitability solution are listed in Table 1.]
Table 1
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Relative
Relative
Retention
Response
Name
Time
Factor
All-trans-apha carotene
0.93
1.1
All-trans-beta carotene
1.00
1
9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the reference chromatogram provided with the lot of USP Beta Carotene
System Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of all-trans-beta carotene from the Sample solution
rS= peak area of all-trans-beta carotene from Standard solution A
C=
S concentration of all-trans-beta carotene in Standard solution A as determined by
spectrometric procedure
C=
U nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Polysorbate 80 and alcohol (1:10)
Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
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of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask. ] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in mg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2.5 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
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Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
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C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer having an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode. ]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in mg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
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C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column. ] Transfer 10.0 mL
of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and
adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume.
Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 1 mg of fluorine, to a 100-mL volumetric flask. Add 15 mL of
water, and shake vigorously. Rinse the sides of the flask with 15 mL of water, and allow to
stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of
10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed for the Standard
solution, beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Capsules
Remove the contents of Capsules by cutting open the Capsules. Mix, and determine the
weight of the contents. Transfer a quantity of the contents, equivalent to 3 mg of iodine,
to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide
solution, and 10 mL of alcohol, taking care that the entire specimen is moistened. Heat
the crucible on a steam bath to evaporate the alcohol, then dry the crucible at 100 for
30 min to prevent spattering upon subsequent heating. Transfer the crucible with its
contents to a furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at
500 is necessary to carbonize any organic matter present. A higher temperature may be
used, if necessary, to ensure complete carbonization of all organic matter. ]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg (1000 µg/mL)
Ime= milliequivalent of I (21.16 mg/meq)
Aw= average weight of the Capsules content
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W = weight of the sample of Capsules content taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iodide, Method 2
Analysis: Proceed as directed in Automated Methods of Analysis 16 , Assay for Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
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solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
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Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of
Capsules or a portion of Capsule contents equivalent to 1000 µg of molybdenum and make
appropriate dilutions to obtain a final concentration of 10 µg/mL of molybdenum, omitting
the addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
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Capsules taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Use a quantity of the Capsule
contents, equivalent to 40 µg of molybdenum.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to complete 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresonding volumetric flasks, and dilute with water to
volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layer from each separatory funnel to a centrifuge
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tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the organic
phases obtained from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with the Sulfuric
acid solution to volume. ]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add one drop of sulfuric acid
per 100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from the Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and digest on a hot plate for
30 min. Add 15 mL of hydrochloric acid, and continue the digestion to the cessation of
brown fumes. Cool, and transfer the contents of the flask to a 500-mL volumetric flask
with the aid of small portions of water. Dilute with water to volume. Transfer 10.0 mL of
this solution to a 100-mL volumetric flask, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
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the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1.5 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care. ] Dissolve
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1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 1000 µg of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note
—The volume of nitric acid may be varied to ensure that the powder is uniformly
dispersed. ] Carefully swirl the flask to disperse the sample specimen. Sonicate for 10 min
or until the sample specimen is completely dissolved. Gently boil the solution for 15 min,
and cool to room temperature. Carefully add 8 mL of perchloric acid to the flask, heat the
flask until perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat
the heating and swirling until the fumes appear again. Cool to room temperature. Transfer
the contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and
dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
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water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume. ]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care. ] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm
gently on a hot plate. Continue heating until the initial nitric acid reaction has subsided,
then add 3 mL of perchloric acid.
[Caution—Exercise care at this stage, because perchloric acid reaction becomes vigorous.
]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid, and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask. Add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate
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separatory funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and
extract vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer
to a centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining
water. Determine the absorbances of the solutions obtained from the Samples against
the solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid (3.89
mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric acid by
warming, if necessary, cool, and then dilute to final volume. ]
Standard stock solution: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of zinc and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
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C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood. ]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution. ] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution. ] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a 5-µm pore size nylon syringe filter. If necessary, make any further adjustments
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision. ]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
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Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution. Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Capsule weight (mg)
L = labeled amount per Capsule (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Dissolution
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling1: The label states that the product is Oil-Soluble Vitamins with Minerals Capsules.
The label also states the quantity of each vitamin and mineral per dosage unit and, where
necessary, the chemical form in which a vitamin is present and also states the salt form of
the mineral used as the source of each element. Where the product contains vitamin E,
the label indicates whether it is the d- or dl- form. Where more than one assay method is
given for a particular vitamin or mineral, the labeling states with which assay method the
product complies only if Method 1 is not used.
• USP Reference Standards

11
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Alpha Tocopherol RS
Alpha Tocopheryl Acetate RS
Alpha Tocopheryl Acid Succinate RS
Beta Carotene RS
Beta Carotene System Suitability RS
Cholecalciferol RS
Ergocalciferol RS
Phytonadione RS
Retinyl Palmitate RS
Sodium Fluoride RS
Vitamin A RS

USP36

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil-Soluble Vitamins with Minerals Oral Solution. Because there is no existing USP
monograph for this dosage form, a new monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C105872

Comment deadline: January 31, 2012
Add the following:
Oil-Soluble Vitamins with Minerals Oral Solution
DEFINITION
Oil-Soluble Vitamins with Minerals Oral Solution contains two or more of the following oil-soluble
vitamins: Vitamin A, as retinol or esters of retinol in the form of retinyl acetate or retinyl
palmitate; Vitamin D as ergocalciferol (Vitamin D2 ) or cholecalciferol (Vitamin D3 ); Vitamin E, as
alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate; Phytonadione
(Vitamin K1 ); beta carotene; and one or more minerals derived from substances generally
recognized as safe, furnishing one or more of the following elements in ionizable form:
chromium, fluorine, iodine, iron, magnesium, manganese, molybdenum, and zinc. It contains NLT
90.0% and NMT 150.0% of the labeled amounts of vitamin A, as retinol equivalent (C20 H30 O);
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vitamin D, as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E, as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); NLT 90.0% and
NMT 160.0% of the labeled amounts of chromium (Cr), fluorine (F), iodine (I), and molybdenum
(Mo); and NLT 90.0% and NMT 125.0% of the labeled amounts of iron (Fe), magnesium (Mg),
manganese (Mn), and zinc (Zn).
STRENGTH
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
3.25 mg of retinol, to a separatory funnel containing 10 mL of water and 20 mL of
dehydrated alcohol. Add 100 mL of n-hexane, insert the stopper, and shake for 1 min.
Allow the layers to separate, drain the aqueous layer into another separatory funnel, and
repeat the extraction with 100 mL of n-hexane. Discard the aqueous layer, and combine
the hexane extracts. Wash the combined extracts with 25 mL of water, allow the layers
to separate, and discard the aqueous layer. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL volumetric flask. Rinse the funnel and sodium
sulfate with n-hexane, and add the rinsing to the hexane solution in the flask. Dilute the
extracts in the volumetric flask with n-hexane to volume to obtain a solution with a
concentration of 13 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the appropriate Standard solution

PF 37(6): Nov.-Dec. 2011

249

C=
S concentration of retinol in the appropriate Standard solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of vitamin A as retinol
equivalent (C20 H30 O)
• Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample stock solution: Using an accurately measured volume of Oral Solution, equivalent
to 5.0 mg of cholecalciferol or ergocalciferol, proceed as directed for the Sample solution
in Vitamin A to obtain a solution with a concentration of 20 µg/mL of cholecalciferol or
ergocalciferol in n-hexane.
Sample solution: Transfer 5.0 mL of the Sample stock solution to a container having a
polytef-lined screw cap. Heat, with constant shaking, for 1 h in a water bath maintained
at 60 to obtain a solution containing vitamin D (cholecalciferol or ergocalciferol) and its
corresponding precursor. Cool, and dilute with n-hexane to obtain a solution containing 2
µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
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C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–150.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of vitamin E
• Phytonadione (Vitamin K1)
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[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume. ]
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 20
µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
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to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A from the concentration of Standard
solution B as described below.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A. ]
Result = A/F
A= average absorbance of the three preparations of Standard solution B
F= absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Dissolve the residue in a mixture of methylene chloride and
Diluent (1:1), and dilute with the same mixture to obtain a concentration of 3 µg/mL of
beta carotene. Pass through a membrane filter of 0.45-µm pore size if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
[Note—The approximate relative retention times of the components in the System
suitability solution are listed in Table 1.]

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor
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All-trans-alpha carotene
0.93
1.1
All-trans-beta carotene
1.00
1
9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the reference chromatogram provided with the lot of USP Beta Carotene
System Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of all-trans-beta carotene from the Sample solution
rS= peak area of all-trans-beta carotene from Standard solution A
C=
S concentration of all-trans-beta carotene in Standard solution A as determined by
spectrometric procedure
C=
U nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–150.0% of the labeled amount of beta carotene (C40 H56 )
• Chromium
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution equivalent to 2.5 µg/mL of chromium in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometer
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis

851 .)
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Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of chromium, and draw the straight
line best fitting the four plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of chromium in the Standard solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Fluoride
[Note—Use plastic containers throughout this procedure.]
Ascorbic acid solution: 70 mg/mL of ascorbic acid in water
Mobile phase: Alcohol, water, and 1 N sulfuric acid (50:449:1)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 100-mL volumetric
flask. Add 2 mL of Ascorbic acid solution, 10 mL of alcohol, and about 70 mL of water, and
mix. Adjust with 1 N sodium hydroxide to a pH of 4.25 ± 0.05. Dilute with water to volume,
and mix to obtain 5 µg/mL of fluoride solution.
Sample solution: Transfer an accurately measured volume of the Oral Solution, equivalent
to 0.5 mg of fluoride, to a 100-mL volumetric flask. Add 1 drop of hydrochloric acid, 10 mL
of alcohol, and about 75 mL of water, and mix. Adjust with 1 N sodium hydroxide to a pH
of 4.25 ± 0.05. Dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.6 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of fluoride from the Sample solution
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rS= peak area of fluoride from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide, Method 1
Mobile phase: Dissolve 5.15 g of tetrabutylammonium bromide in 320 mL of acetonitrile.
Dilute with water to 2000 mL.
System suitability solution: Transfer 0.13 g of potassium iodide and 0.5 g of potassium
iodate to a 100-mL volumetric flask. Dissolve in Mobile phase, using sonication if
necessary, dilute with Mobile phase to volume, and mix. Transfer 1.0 mL of this solution to
a 100-mL volumetric flask, dilute with Mobile phase to volume, and mix. Transfer 25.0 mL
of this solution to a 100-mL volumetric flask, and dilute with Mobile phase to volume.
Standard stock solution: 1.3 mg/mL of potassium iodide in Mobile phase. This solution has
a concentration of 1 mg/mL of iodide.
Standard solution: 2.5 µg/mL of iodide from the Standard stock solution in Mobile phase
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain a
solution with a concentration of 2.5 µg/mL of iodine in Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for iodate and iodide are about 0.32 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System suitability solution
Relative standard deviation: NMT 2.0% for the iodide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of iodine (I) in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of iodide from the Sample solution
rS= peak area of iodide from the Standard solution
C=
S concentration of iodide in the Standard solution (µg/mL)
C=
U nominal concentration of iodine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iodide, Method 2
Analysis: Proceed as directed for Automated Methods of Analysis 16 , Assay for Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron
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Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: 6 µg/mL of iron from the Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of iron, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of iron in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium
Magnesium standard solution: Transfer 1.00 g of magnesium ribbon to a 1000-mL
volumetric flask. Dissolve in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution in
0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 7.5, 10.0, 12.5,
and 15.0 mL of Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of magnesium.
Sample solution: 2.5 µg/mL of magnesium from the Oral Solution in 0.125 N hydrochloric
acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of magnesium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of magnesium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese
Manganese standard solution: Transfer 1.0 g of manganese to a 1000-mL volumetric
flask. Dissolve in 20 mL of nitric acid, and dilute with 6 N hydrochloric acid to volume.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution in 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions having known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1.5
µg/mL of manganese in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Oral Solution taken:
Result = (C/CU) × 100
C= concentration of manganese in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume.
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Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution in water
Standard solutions: To separate 100-mL volumetric flasks transfer 0.5, 1.0, 1.5, 2.0, and
3.0 mL of the Standard stock solution. Add 0.125 N hydrochloric acid to volume, and mix
to obtain the solutions having known concentrations of about 0.5, 1.0, 1.5, 2.0, and 3.0
µg/mL of molybdenum.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1.5
µg/mL of molybdenum from the Oral Solution in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Oral Solution taken:
Result = (C/CU) × 100
C= concentration of molybdenum in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Zinc
Zinc standard solution: Transfer 311 mg of zinc oxide to a 250-mL volumetric flask, and
add 80 mL of 6 N hydrochloric acid, warming if necessary to dissolve. Cool, dilute with
water to volume, and mix to obtain a solution having a known concentration of 1000
µg/mL of zinc.
Standard stock solution: 50 µg/mL of zinc from the Zinc standard solution in 0.125 N
hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain 1.5
µg/mL of zinc in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometer
Analytical wavelength: 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
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Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of zinc, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of zinc in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
OTHER COMPONENTS
• Alcohol Determination, Method I
of C2 H5 OH

611 (if present): 90.0%–120.0% of the labeled amount

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, under an inert gas or
with a minimum of headspace.
• Labeling1: The label states that the product is Oil-Soluble Vitamins with Minerals Oral
Solution. The label states the quantity of each vitamin and mineral in a given volume of the
Oral Solution and, where necessary, the chemical form in which a vitamin is present, and
states also the salt form of the mineral used as the source of each element. Where the
product contains vitamin E, the label indicates whether it is the d- or dl- form. Where more
than one assay method is given for a particular mineral, the labeling states with which
assay method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Beta Carotene RS
USP Beta Carotene System Suitability RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Retinyl Acetate RS
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USP Retinyl Palmitate RS
USP Sodium Fluoride RS
USP36

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued. However, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acetate =
1.36 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil-Soluble Vitamins with Minerals Tablets. Because there is no existing USP monograph for
this dosage form, a new monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C105873

Comment deadline: January 31, 2012
Add the following:
Oil-Soluble Vitamins with Minerals Tablets
DEFINITION
Oil-Soluble Vitamins with Minerals Tablets contain two or more of the following oil-soluble
vitamins: Vitamin A, as retinol or esters of retinol in the form of retinyl acetate or retinyl
palmitate, Vitamin D as ergocalciferol (Vitamin D2 ) or cholecalciferol (Vitamin D3 ), Vitamin E, as
alpha tocopherol, alpha tocopheryl acetate or alpha tocopheryl acid succinate, Phytonadione
(Vitamin K1 ), beta carotene; and one or more minerals derived from substances generally
recognized as safe, furnishing one or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0% and NMT
165.0% of the labeled amounts of Vitamin A, as retinol equivalent (C20 H30 O); Vitamin D, as
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); Vitamin E, as alpha tocopherol
(C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); NLT 90.0% and NMT
125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe), manganese (Mn),
magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
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STRENGTH
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Finely powder NLT 20 Tablets. To a portion of the powder, equivalent to
5 Tablets, add 15 mL of water, and sonicate for 5 min. Add 15 mL of n-hexane, and shake
for 15 min in a water bath maintained at 60 . Add 10 mL of dimethyl sulfoxide, and shake
for an additional period of 30 min in a water bath maintained at 60 . Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Further dilute this solution with n-hexane to
obtain a solution with a concentration equivalent to 13 µg/mL of retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the appropriate Standard solution
C=
S concentration of retinol in the appropriate Standard solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
equivalent (C20 H30 O)
• Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
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Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate, if necessary, in vacuum at
room temperature to obtain a concentration of 2 µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution in water (1 in 100)
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
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Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E
• Phytonadione (Vitamin K1)
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume. ]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 20
µg/mL of phytonadione.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach to room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A as follows.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 457 nm
Cell path: 1 cm
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Blank: Cyclohexane
Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A. ]
Result = A/F
A= average absorbance of the three preparations of Standard solution B
F= absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Dissolve the residue in a mixture of methylene chloride and
Diluent (1:1), and dilute with the same mixture to obtain a concentration of 3 µg/mL of
beta carotene. Pass through a membrane filter of 0.45-µm pore size, if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
The approximate relative retention times of the components in the System suitability
solution are listed in Table 1.
Table 1
Relative
Relative
Retention
Response
Name
Time
Factor
All-trans-alpha carotene
0.93
1.1
All-trans-beta carotene
1.00
1
9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the Reference Chromatogram provided with the USP Beta Carotene System
Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
Analysis
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Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of all-trans-beta carotene in the Sample solution
rS= peak area of all-trans-beta carotene in Standard solution A
C=
S concentration of all-trans-beta carotene in Standard solution A as determined by
spectrometric procedure
C=
U nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of calcium in the Sample solution.
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Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain 2.5 µg/mL of chromium and to omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
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8.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain 2 µg/mL of copper and to omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of copper, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium fluoride
in water, previously dried at 100 for 4 h and cooled in a desiccator
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to 200 µg
of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate solution, and dilute with
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water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific
ion-indicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer having
an insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse
and dry the electrodes between measurements, taking care to avoid damaging the
crystal of the specific-ion electrode. ]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column. ] Transfer 10.0 mL
of Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ±0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to 1 mg of fluorine, in 15 mL of water, and shake vigorously. Rinse the sides of
the flask with 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL,

PF 37(6): Nov.-Dec. 2011

270

adjust with 1 N sodium hydroxide to a pH of 10.4 ±0.1, and dilute with water to 100 mL.
Proceed as directed for the Standard solution, beginning with “Filter, discarding the first
15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer an amount of finely powdered Tablets, equivalent to 3 mg of iodide, to a nickel
crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide solution, and
10 mL of alcohol, taking care that the entire specimen is moistened. Heat the crucible on
a steam bath to evaporate the alcohol, then dry the crucible at 100 for 30 min to
prevent spattering upon subsequent heating. Transfer the crucible with its contents to a
furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at 500 is
necessary to carbonize any organic matter present; a higher temperature may be used, if
necessary, to ensure complete carbonization of all organic matter. ]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
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and boil the solution gently until colorless for 5 min longer. Add a few crystals of salicylic
acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of potassium
iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS, adding starch
TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg (1000 µg/mL)
Ime
= milliequivalent of I (21.16 mg/meq)
Aw= average weight of the Tablets
W= weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis 16 , Assay for
Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain a concentration of 5 µg/mL of iron and to omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain a concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the label claim
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
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Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain a concentration of 1 µg/mL of manganese and to omit the use
of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of molybdenum,
to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed. ] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min, or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid, heat until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
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Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw
the straight line best fitting the three plotted points. From the graph so obtained,
determine the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent to 40 µg of molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is
complete, as indicated when the liquid becomes colorless or pale yellow. Evaporate the
solutions in the beakers to dryness. Rinse the sides of the beakers and the watchglasses
with water, and add more water to complete 50 mL in each beaker. Gently boil the
water solution for a few min. Cool to room temperature. Add 2 drops of methyl orange
TS, and neutralize with ammonium hydroxide. Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to separate 100-mL volumetric

PF 37(6): Nov.-Dec. 2011

275

flasks, rinse the beakers with water, transfer the rinsings to the corresponding
volumetric flasks, and dilute with water to volume. Transfer 50.0 mL of each solution to
separatory funnels. To each separatory funnel add 1.0 mL of Sodium fluoride solution,
0.5 mL of Ferrous sulfate solution, 4.0 mL of Potassium thiocyanate solution, 1.5 mL of
20% Stannous chloride solution, and 15.0 mL of amyl alcohol, and shake the separatory
funnel for 1 min. Allow the layers to separate, and discard the aqueous layers. Add 25
mL of Diluted stannous chloride solution to each separatory funnel, and shake gently for
15 s. Allow the layers to separate, and discard the aqueous layers. Transfer the organic
layer from each separatory funnel to a centrifuge tube, and centrifuge at 2000 rpm for
10 min. Determine the absorbances of the organic phases obtained from the Standard
solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5:100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume. ]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add one drop of sulfuric acid
per 100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from the Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets. ] Transfer
a portion of the powder, equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Vis
Analytical wavelength: 650 nm

851 .)
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Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard
solution, the Sample solution, and water to provide the blank. To each of the three
flasks add 1.0 mL each of Ammonium molybdate solution, Hydroquinone solution, and
Sodium bisulfite solution, and swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min. Determine the absorbances of the
solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain a concentration of 1.5 µg/mL of potassium and to omit the use
of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Tablets taken:
Result = (C/CU) × 100
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C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care. ] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of selenium, to
a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed. ] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes appear, and
swirl the flask to dissipate the fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the contents of the flask to a 50-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of selenium, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
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Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume. ]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care. ] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 20 µg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid.
[Caution—Exercise care at this stage, because the perchloric acid reaction becomes
vigorous. ]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask, add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ±0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
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equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate
separatory funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and
extract vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer
to a centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining
water. Determine the absorbances of the solutions obtained from the Samples against
the solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid (3.89
mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric acid by
warming, if necessary, cool, and then dilute to final volume. ]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed for the Sample solution in Calcium, Method 1,
except to prepare the Sample solution to contain a concentration of 2 µg/mL of zinc and
to omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood. ]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution. ] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution. ] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of Stock aqua regia solution in 5-mL increments followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed. ]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min. ] Remove
from heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using the Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed. ] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
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sample contains selenium, digest for NMT 15 min. ] Remove from heat, cool, and dilute
with water to volume. Filter about 30 mL into a centrifuge tube using a nylon syringe filter
of 5-µm pore size. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average
Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed. ] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision. ]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average weight (mg/Tablet)
L = label claim (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
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PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
requirements for Dissolution
• Weight Variation of Dietary Supplements

2040 , Dissolution: Meet the

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:1 The label states that the product is Oil-Soluble Vitamins with Minerals Tablets.
The label also states the quantity of each vitamin and mineral per dosage unit and where
necessary the chemical form in which a vitamin is present and also states the salt form of
the mineral used as the source of each element. Where the product contains vitamin E,
the label indicates whether it is the d- or dl- form. Where more than one assay method is
given for a particular mineral, the labeling states with which assay method the product
complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
USP Sodium Fluoride RS
USP36

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
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Excipients, USP and NF Excipients, Listed by Category, NF 29 page 1415, page 5355 of
the Second Supplement, and PF 37(5) [Sept.–Oct. 2011]. It is proposed to add Glyceryl
Tristearate to the Emulsifying and/or Solubilizing Agent and Tablet and/or Capsule Lubricant
categories to complement the proposed new monograph for Glyceryl Tristearate, which appears
elsewhere in this issue of PF.
(EM1; EM2.)

Correspondence Number—C93494

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Emulsifying and/or Solubilizing Agent
Glyceryl Tristearate

NF31

Change to read:
Tablet and/or Capsule Lubricant
Glyceryl Tristearate

NF31

BRIEFING
Glyceryl Tristearate. Because there is no existing NF monograph for this excipient, a new
monograph is proposed, based on validated methods of analysis. The Identification test for
Fatty Acid Composition is based on a GC method of analysis performed with the Carbowax
brand of 0.53-mm × 30-m capillary column bonded with a 1.0-µm layer of phase G16. The
typical retention times for methyl laurate, methyl myristate, methyl palmitate, methyl
stearate, methyl oleate, and methyl arachidate are about 7.66, 9.21, 10.98, 13.17, 13.24,
and 14.97 min, respectively. The Assay for Content of Triglycerides is based on a GPC
method of analysis performed with two of the Polymer Lab PLgel brand of 7.5-mm × 30-cm
columns containing packing L21. The typical retention times for triglycerides, diglycerides,
monoglycerides, and glycerin are 12.2, 12.7, 13.6, and 15.8 min, respectively. Interested
parties are encouraged to comment on the proposal.
(EXC: R. Lafaver. NOM: A. Wilk.)
Correspondence Number—C93494

Comment deadline: January 31, 2012
Add the following:
Glyceryl Tristearate
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891.49

Octadecanoic acid, 1,1',1''-(1,2,3-propanetriyl) ester;
Octadecanoic acid, 1,2,3-propanetriyl ester;
Glycerol trioctadecanoate;
Tristearoylglycerol
[555-43-1].
DEFINITION
Glyceryl Tristearate contains NLT 90.0% of triglycerides of saturated fatty acids, chiefly
glyceryl tristearate (C57 H110 O6 ).
IDENTIFICATION
• Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part of sodium chloride with 2 parts of water,
shake from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 0.5 mg/mL of USP Methyl Myristate RS, 2.0 mg/mL of USP Methyl
Stearate RS, and 2.0 mg/mL of USP Methyl Oleate RS in n-heptane
Standard solution 2: 0.05 mg/mL of USP Methyl Myristate RS, 0.2 mg/mL of USP Methyl
Stearate RS and 0.2 mg/mL of USP Methyl Oleate RS in n-heptane, diluted from Standard
solution 1
Standard solution 3: Dissolve a quantity of an ester mixture1 containing methyl
hexanoate, methyl caprylate, methyl caprate, methyl laurate, methyl myristate, methyl
palmitate, methyl palmitoleate, methyl stearate, methyl oleate, methyl linoleate, and
methyl arachidate in n-heptane to make a solution of about 9.0 mg/mL for methyl stearate
and 0.1–0.2 mg/mL for each other methyl ester.
Sample solution: Transfer 100 mg of Glyceryl Tristearate to a 25-mL conical flask fitted
with a suitable water-cooled reflux condenser and a magnetic stir bar. Add 2 mL of a 20
mg/mL solution of sodium hydroxide in methanol, mix, and reflux for about 30 min. Add 2
mL of Boron trifluoride methanol solution through the condenser, and reflux for about 30
min. Add 4 mL of n-heptane through the condenser, and reflux for 5 min. Cool, remove the
condenser, add about 10 mL of Saturated sodium chloride solution, and shake. Add a
quantity of Saturated sodium chloride solution to bring the upper layer up to the neck of
the flask, and allow the layers to separate. Collect 2 mL of the n-heptane layer (the upper
layer); wash with three quantities of water of 2 mL each, and dry the n-heptane phase
over anhydrous sodium sulfate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
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Column: 0.53-mm × 30-m capillary column, bonded with a 1.0-µm layer of phase G16
Temperature
Injection port: 250
Detector: 250
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
20
180
—
180
9
240
12
Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2
[Note—The relative retention times for methyl myristate, methyl stearate, and methyl
oleate are about 0.70, 1.00, and 1.01, respectively.]
Suitability requirements
Resolution: NLT 1.5 between methyl stearate and methyl oleate, Standard solution 1
Signal-to-noise ratio: NLT 5 for methyl myristate, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the areas for the peaks of the methyl esters of the fatty acids. Disregard any
peaks with an area less than 0.05% of the total area and any peak due to the solvent.
[Note—Relative retention times for several methyl esters are summarized in Table 2. ]
Carbon-Chain
Length
12
14
16
18
18
20

Table 2
Number of
Double Bonds
0
0
0
0
1
0

Relative
Retention Times
0.58
0.70
0.83
1.00
1.01
1.14

Take the main component of Standard solution 3 as a reference component, and
calculate the calibration factor, F FA, for each fatty acid methyl ester:
Result = [(F MC × PFA1 × AMC )/(PMC × AFA1)] × 100
F MC= factor for the main component, 1
PFA1= percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC= peak area of the main component in Standard solution 3
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PMC= percentage by weight of the main component of Standard solution 3
AFA1
= peak area of the fatty acid methyl ester in Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of
Glyceryl Tristearate taken:
Result = [(AFA2 × F FA1)/AT] × 100
AFA2
= peak area of the fatty acid methyl ester in the Sample solution
AT = sum of the peak areas of the fatty acid methyl esters in the Sample solution
Acceptance criteria: Glyceryl Tristearate exhibits the composition profile of fatty acids
shown in Table 3.
Carbon-Chain
Length
6, 8, 10
12
14
16
16
18
18
18
20

Table 3
Number of
Double Bonds
0
0
0
0
1
0
1
2
0

Percentage
(w/w)
0.0–0.3
0.0–0.5
0.0–0.5
0.0–2.0
0.0–0.1
97
0.0–0.5
0.0–0.5
0.0–0.5

ASSAY
• Content of Triglycerides
Mobile phase: Tetrahydrofuran
System suitability solution: 40 mg/mL of USP Glyceryl Distearate RS in Mobile phase
Sample solution: 8 mg/mL of Glyceryl Tristearate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.5-mm × 60-cm; 3-µm or 5-µm 100Temperature

packing L21

Detector: 40
Column: 40
[Note—Two or three 7.5-mm × 30-cm L21 columns may be used in place of the one 60cm column, provided that system suitability requirements are met. The column
temperature may be lowered to ambient temperature, although working at 40 provides
stable separation conditions and ensures better sample solubility.]
Flow rate: 1 mL/min
Injection size: 40 µL
System suitability
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Sample: System suitability solution
[Note—The relative retention times for triglycerides, diglycerides, monoglycerides, and
glycerin are 0.78, 0.81, 0.86, and 1.00, respectively.]
Suitability requirements
Resolution: NLT 1.0 between the diglycerides and the monoglycerides
Relative standard deviation: NMT 2.0%, determined for the monoglycerides peak
Analysis
Sample: Sample solution
Calculate the percentage of triglycerides in the portion of Glyceryl Tristearate taken:
Result = (rU/rT) × 100
r=
U peak response of the triglycerides
r=
T sum of all the glyceride peak responses
Acceptance criteria: NLT 90.0% of triglycerides
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Alkaline Impurities
Analysis: Prepare a mixture of 2.0 g of Glyceryl Tristearate, 15 mL of alcohol, and 30 mL of
ether. Dissolve by gentle heating. Add 0.05 mL of bromophenol blue TS, and titrate with
0.01 N hydrochloric acid VS until the mixture turns yellow.
Acceptance criteria: NMT 0.4 mL of 0.01 N hydrochloric acid is required.
• Limit of Nickel
[Caution—When using closed high-pressure digestion vessels and microwave laboratory
equipment, be familiar with the safety and operating instructions given by the
manufacturer. ]
Magnesium nitrate solution: 10 mg/mL of magnesium nitrate in water
Ammonium dihydrogen phosphate solution: 100 mg/mL of ammonium dihydrogen
phosphate in water
Standard stock solution: Transfer 5.0 mL of nickel standard solution TS to a 10-mL
volumetric flask, and dilute with water to make a solution containing 5 µg/mL of nickel.
Standard solutions: To four identical 25-mL volumetric flasks, each containing 6 mL of
nitric acid, transfer respectively 25, 50, 75, and 100 µL of the Standard stock solution. To
each flask, add 0.5 mL of Magnesium nitrate solution and 0.5 mL of Ammonium
dihydrogen phosphate solution, and dilute with water to volume. These solutions contain,
respectively, 0.005, 0.01, 0.015, and 0.02 µg/mL of nickel.
Sample solution: Transfer 0.25 g of Glyceryl Tristearate to a suitable high-pressureresistant digestion vessel (fluoropolymer or quartz), and add 6.0 mL of nitric acid and 2.0
mL of 30% hydrogen peroxide. Place the closed vessel in a laboratory microwave oven,
and digest using an appropriate program (e.g., 1000 W for 40 min). Allow the digestion
vessels to cool before opening. Add 2.0 mL of 30% hydrogen peroxide, and repeat the
digestion step. Allow the digestion vessel to cool before opening. Quantitatively transfer
the contents to a 25-mL volumetric flask, add 0.5 mL of Magnesium nitrate solution and
0.5 mL of Ammonium dihydrogen phosphate solution, dilute with water to volume, and
mix.
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Blank solution: Add 6.0 mL of nitric acid and 2.0 mL of 30% hydrogen peroxide to a highpressure-resistant digestion vessel, and proceed as directed for the Sample solution.
Zero solution: Into a 50.0-mL volumetric flask, introduce 1.0 mL of Magnesium nitrate
solution, 1.0 mL of Ammonium dihydrogen phosphate solution, and 12.0 mL of nitric acid.
Dilute with water to volume, and mix.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Maximum absorbance at 232.0 nm
Detection: Graphite furnace
Lamp: Nickel hollow-cathode
Tube: Pyrolytically-coated tube
Other: Background compensation system
Furnace program: See Table 4.
[Note—The temperature program may be modified to obtain optimum furnace
temperatures.]
Table 4
Dry Ash
Cool

Step
Atomize
Temperature
( )
120 1100
800
2600
Ramp time
—
(s)
5
30
5
Hold time
5
(s)
35
10 (decrease)
7
Analysis
Samples: Blank solution, Standard solutions, and Sample solution
Use the Zero solution to set the instrument to zero. Concomitantly determine the
absorbances of the Samples at least three times each. Record the average of the steady
readings for each of the solutions. If necessary, dilute the Sample solution with the Zero
solution to obtain a reading within the calibrated absorbance range.
Plot the absorbances versus the concentrations of nickel, in µg/mL, in the Standard
solutions. On the basis of the calibration curve, determine the concentrations of nickel, in
µg/mL, in the Sample solution and the Blank solution from the corresponding absorptions.
Obtain the correct concentration of nickel, CC, in µg/mL, in the Sample solution.
Calculate the content of nickel, in µg/g (ppm), in the portion of Glyceryl Tristearate
taken:
[Note—If the Sample solution is diluted with the Zero solution, apply an appropriate
correction factor for dilution.]
Result = (CC × V)/W
C=
C concentration of nickel in the Sample solution (µg/mL)
V= volume of the Sample solution, 25 mL
W= weight of Glyceryl Tristearate taken to prepare the Sample solution (g)
Acceptance criteria: NMT 1 µg/g (ppm)
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SPECIFIC TESTS
• Melting Range, Class II

741 : 69 –73

• Fats and Fixed Oils, Acid Value

401 : NMT 1.0

• Fats and Fixed Oils, Hydroxyl Value

401 : NMT 5.0

• Fats and Fixed Oils, Saponification Value
• Fats and Fixed Oils, Peroxide Value

401 : NMT 3

• Fats and Fixed Oils, Unsaponifiable Matter
• Water Determination, Method Ia

401 : 186–192
401 : NMT 0.5%

921 : NMT 0.1%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from moisture.
• USP Reference Standards 11
USP Glyceryl Distearate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Stearate RS
NF31

1 Ester mixture can be obtained commercially from Nu-C hek-Prep, Inc., P.O. Box 295, Elysian, MN 56028, or
from Sigma-Aldrich; or it can be prepared by mixing a commercially available ester mixture with methyl
stearate.

BRIEFING
Abacavir Tablets, page 4910 of the First Supplement to USP 34. It is proposed to identify and
exclude from the total impurities an additional process impurity already monitored in the drug
substance. Minor editorial changes have been made to be consistent with USP monograph
redesign.
(SM1: B. Davani.)
Correspondence Number—C102823

Comment deadline: January 31, 2012
Add the following:
Abacavir Tablets
DEFINITION
Abacavir Tablets contain Abacavir Sulfate equivalent to NLT 90.0% and NMT 110.0% of the
labeled amount of abacavir (C14 H18 N6 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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• Procedure
Diluent: 1.0 mL of phosphoric acid in 1 L of water
Solution A: Trifluoroacetic acid and water (0.05 : 99.95)
Solution B: Methanol and water (85:15)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
20
70
30
35
10
90
40
10
90
41
95
5
50
95
5
System suitability solution: 0.2 mg/mL of USP Abacavir System Suitability Mixture RS in
Diluent
Standard solution: 0.21 mg/mL of abacavir sulfate in Diluent (equivalent to 0.18 mg/mL of
abacavir), from USP Abacavir Sulfate RS
Sample stock solution: Transfer the equivalent to 1500 mg of abacavir, from a portion of
Tablets, into a 250-mL volumetric flask. Add 150 mL of Diluent. Shake mechanically for 45
min. Dilute with Diluent to volume. Pass a portion through a suitable filter of 0.45-µm or
finer pore size. Discard the first 3 mL of the filtrate.
Sample solution: 0.18 mg/mL of abacavir in Diluent using the filtrate obtained in the
Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between abacavir and trans-abacavir, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of abacavir (C14 H18 N6 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1 /Mr2 ) × 100
rU = peak response of abacavir from the Sample solution
rS = peak response of abacavir from the Standard solution
CS= concentration of abacavir sulfate in the Standard solution (mg/mL)
CU= nominal concentration of abacavir in the Sample solution (mg/mL)
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Mr1= molecular weight of abacavir multiplied by 2, 572.66
Mr2= molecular weight of abacavir sulfate, 670.74
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Standard solution: 0.39 mg/mL of USP Abacavir Sulfate RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelength: 254 nm
Blank: Medium
Calculate the percentage of the labeled amount of abacavir (C14 H18 N6 O) dissolved:
Result = (AU/AS) × (CS/L) × (Mr1 /Mr2 ) × V × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
Mr1= molecular weight of abacavir multiplied by 2, 572.66
Mr2= molecular weight of abacavir sulfate, 670.74
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of abacavir (C14 H18 N6 O) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Diluent, Solution A, Solution B, Mobile phase, System suitability solution, Standard
solution, Sample solution, and Chromatographic system: Proceed as directed in the
Assay.
Analysis
[Note—Record the chromatograms for 2.5 times the retention time of abacavir.]
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1 /Mr2 ) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of abacavir from the Standard solution
CS= concentration of USP Abacavir Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of abacavir in the Sample solution (mg/mL)
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F = relative response factor for each impurity (see Table 2)
Mr1= molecular weight of abacavir multiplied by 2, 572.66
Mr2= molecular weight of abacavir sulfate, 670.74
Acceptance criteria: See Table 2.

Name
Cyclopropyldiaminopurine
abacavira
Descyclopropyl abacavirb
Abacavir
trans-Abacavirc ,d
Any other individual impurity
Total impurities
a
b
c

Table 2
Relative
Retention
Time
0.57
0.68
1.0
1.04
—
—

Relative
Response
Factor
1.4
1.0
—
—
1.0
—

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

N6-Cyclopropyl-9H-purine-2,6-diamine.
[(1S,4R)-4-(2,6-Diamino-9H-purin-9-yl)-cyclopent-2-enyl]methanol.
{(1R,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol.

d Process impurity monitored in the drug substance.
Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Cyclopropyldiaminopurine abacavira
0.57
1.4
0.2
b
Descyclopropyl abacavir
0.68
1.0
0.2
Abacavir
1.0
—
—
—
—
trans-Abacavirc,d
1.04
—
—
O-Pyrimidine derivative abacavird,e
1.24
Any other individual impurity
—
1.0
0.2
Total impurities
—
—
1.0
a N6-Cyclopropyl-9H-purine-2,6-diamine.
b [(1S,4R)-4-(2,6-Diamino-9H-purin-9-yl)-cyclopent-2-enyl]methanol.
c {(1R,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol.
d Process impurity monitored in the drug substance and not included in the total
impurities.
e N6-Cyclopropyl-9-{(1R,4S)-4-[(2,5-diamino-6-chloropyrimidin-4-yloxy)methyl]cyclopent2-enyl}-9H-purine-2,6-diamine.
USP36

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
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• USP Reference Standards 11
USP Abacavir Sulfate RS
USP Abacavir System Suitability Mixture RS— A mixture of abacavir sulfate and
trans-abacavir.
1S (USP34)

BRIEFING
Ammonium Alum, USP 34 page 1801. On the basis of comments received it is proposed to
make the following changes:
1.
Add a centrifugation step for the lead acetate test in Identification test C. This step
will remove the aluminum hydroxide formed in neutralizing the Sample solution.
2.
Replace the preparation and standardization of the Edetate disodium titrant with the
procedure in USP Reagents, Volumetric Solutions. This revision eliminates the time
consuming steps including dissolving aluminum wire, and introduces a procedure
consistent throughout the USP monographs and the ACS Reagent Chemicals, 10th
Edition.
(SM3: F. Mao.)
Correspondence Number—C96309

Comment deadline: January 31, 2012
Ammonium Alum
AINH4 (SO4 )2 ·12H2 O
453.33
AINH4 (SO4 )2
237.15
Sulfuric acid, aluminum ammonium salt (2:1:1), dodecahydrate;
Aluminum ammonium sulfate (1:1:2), dodecahydrate
[7784-26-1].
Anhydrous
[7784-25-0].
DEFINITION
Ammonium Alum contains NLT 99.0% and NMT 100.5% of ammonium alum (AlNH4 (SO4 )2 ),
calculated on the dried basis.
IDENTIFICATION
• A.
Sample solution: 50 mg/mL
Analysis: Add 1 N sodium hydroxide dropwise to the Sample solution.
Acceptance criteria: A precipitate is formed, and it dissolves in an excess of the reagent
with the evolution of ammonia, recognizable by its odor and its alkaline effect upon
moistened red litmus paper exposed to the vapor.
• B. Identification Tests—General, Aluminum 191
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements
Change to read:
• C. Identification Tests—General, Sulfate

191
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Sample solution: 50 mg/mL
Analysis: Proceed as directed in Identification Tests—General, Sulfate 191 , except
centrifuge the neutral solutions of sulfates and use the supernatants for the lead
acetate test. USP36
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Aluminum solution: Weigh 2 g of aluminum wire, transfer to a 1000-mL volumetric flask,
and add 50 mL of a mixture of hydrochloric acid and water (1:1). Swirl the flask to
ensure contact of the aluminum and the acid, and allow the reaction to proceed until all
of the aluminum has dissolved. Dilute with water to volume.
Edetate disodium titrant: Dissolve 18.6 g of edetate disodium in 1 L of water.
Standardize Edetate disodium titrant as follows. Pipet 10 mL of Aluminum solution into a
250-mL beaker. Add, in the order named and with continuous stirring, 25.0 mL of Edetate
disodium titrant and 20 mL of acetic acid–ammonium acetate buffer TS, and boil gently
for 5 min. Cool, and add 50 mL of alcohol and 2 mL of dithizone TS. Titrate with 0.05 M
zinc sulfate VS to a bright rose-pink color. Perform a blank determination, substituting 10
mL of water for the aluminum solution, and make any necessary correction.
Calculate the molarity of Edetate disodium titrant taken:
Result = W/(Ar × V)
W
= weight of aluminum (mg)
A=r atomic weight of aluminum, 26.98
V= volume of Edetate disodium titrate consumed (mL)
Edetate disodium titrant: Prepare and standardize as directed in Reagents, Volumetric
Solutions, Edetate Disodium, Twentieth-Molar (0.05 M). USP36
Sample: 800 mg of Ammonium Alum
Analysis: Transfer the Sample to a 400-mL beaker, moisten with 1 mL of glacial acetic
acid, and add 50 mL of water, 50.0 mL of Edetate disodium titrant and 20 mL of acetic
acid–ammonium acetate buffer TS. Warm on a steam bath until the solution is complete,
and boil gently for 5 min. Cool, add 50 mL of alcohol and 2 mL of dithizone TS, and titrate
with 0.05 M zinc sulfate VS to a bright rose-pink color. Perform a blank determination, and
make any necessary correction. Each mL of 0.05 M Edetate disodium titrant is equivalent
to 11.86 mg of AlNH4 (SO4 )2 .
Acceptance criteria: 99.0%–100.5% on the dried basis
IMPURITIES
• Heavy Metals, Method I 231
Test preparation: Dissolve 1 g in 20 mL of water, and add 5 mL of 0.1 N hydrochloric acid.
Evaporate the solution in a porcelain evaporating dish to dryness. Treat the residue with
20 mL of water, and add 50 mg of hydroxylamine hydrochloride. Heat the solution on a
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steam bath for 10 min, cool, and dilute with water to 25 mL.
Analysis: Proceed as directed in the chapter, except add 50 mg of hydroxylamine
hydrochloride to the Standard Preparation.
Acceptance criteria: 20 µg/g
• Iron
Sample solution: 6.7 mg/mL
Analysis: Add 5 drops of potassium ferrocyanide TS to 20 mL of the Sample solution.
Acceptance criteria: No blue color is produced immediately.
SPECIFIC TESTS
• Loss on Drying 731
Sample: 2.0 g
Analysis: Transfer the Sample, in a tared porcelain crucible, to a muffle furnace at 200 .
Increase the temperature to 300 , and dry at 300 to a constant weight. Cool in a
desiccator, and weigh.
Acceptance criteria: 45.0%–48.0%
• Limit of Alkalies and Alkaline Earths
Sample: 1 g
Analysis: Completely precipitate the aluminum from a boiling solution of the Sample in 100
mL of water by the addition of sufficient 6 N ammonium hydroxide to render the solution
distinctly alkaline to methyl red TS, and filter. Evaporate the filtrate to dryness, and
ignite.
Acceptance criteria: The weight of the residue is NMT 5 mg (0.5%).
BRIEFING
Amodiaquine Hydrochloride Tablets, USP 34 page 1880. It is proposed to use the System
suitability solution as the Standard solution in the Assay to avoid duplicate preparation of
solutions. In addition, it is proposed to define the concentrations of the Standard solution
and Sample solution in the formula for the Assay in terms of amodiaquine rather than
amodiaquine hydrocloride to be consistent with the labeled amount which is expressed as
amodiaquine. The monograph was reformatted to be consistent with the USP monograph
redesign.
(SM1: B. Davani.)
Correspondence Number—C98732

Comment deadline: January 31, 2012
Amodiaquine Hydrochloride Tablets
DEFINITION
Amodiaquine Hydrochloride Tablets contain an amount of amodiaquine hydrochloride
(C20 H22 ClN3 O·2HCl·2H2 O) equivalent to NLT 93.0% and NMT 107.0% of the labeled amount of
amodiaquine (C20 H22 ClN3 O).
IDENTIFICATION
• A. Infrared Absorption 197K
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Sample: Powder 1 or more Tablets, and transfer a portion of the powder, equivalent to 50
mg of amodiaquine, to a 125-mL separator. Add 20 mL of water, and shake for 1 min. Add
25 mL of chloroform and 1 mL of ammonium hydroxide, shake for 2 min, and when settled,
filter the chloroform extract through cotton that previously has been rinsed with
chloroform, collecting the extract in a vessel suitable for evaporation. Evaporate the
chloroform, and dry the residue at 105 for 1 h.
Acceptance criteria: Meet the requirements
• B. The retention time of the amodiaquine hydrochloride peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Add 1.0 mL of perchloric acid
to each 1 L of solution, adjust with phosphoric acid to a pH of 2.5, and pass through a
filter of 0.45-µm pore size.
Diluent: 1% (v/v) hydrochloric acid in water
Mobile phase: Methanol and Buffer (22:78)
System suitability solution: 0.15 mg/mL of USP Amodiaquine Hydrochloride RS and 0.15
mg/mL of USP Chloroquine Phosphate RS in water
Standard solution: 0.15 mg/mL of USP Amodiaquine Hydrochloride RS in water
Standard solution: 0.15 mg/mL of USP Amodiaquine Hydrochloride RS and 0.15 mg/mL of
USP Chloroquine Phosphate RS in water USP36
Sample solution: Transfer a quantity equivalent to 7.5 mg of amodiaquine hydrochloride
from finely powdered Tablets (NLT 20) to a 50-mL volumetric flask, and dissolve in and
dilute with Diluent to volume. Sonicate for 25 min at 29 . Pass 10 mL through a nylon filter
of 0.2-µm pore size, discarding the first 4 mL. Use 2 mL for the analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 224 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Standard solution USP36
[Note—The relative retention times for the chloroquine and amodiaquine peaks are 0.8 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between amodiaquine hydrochloride and chloroquine phosphate
Tailing factor: NMT 1.5 for amodiaquine hydrochloride and chloroquine phosphate
Relative standard deviation: NMT 2.0% for amodiaquine hydrochloride and chloroquine
phosphate
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amodiaquine (C20 H22 ClN3 O) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of
amodiaquine in USP36
USP Amodiaquine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of amodiaquine hydrochloride
USP36

in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Detector: UV 342 nm
Standard solution: USP Amodiaquine Hydrochloride RS in Medium
Sample solution: Filter portions of the solution under test, suitably diluted with water, if
necessary, in comparison with a Standard solution having a known concentration of USP
Amodiaquine Hydrochloride RS.
Analysis
Samples: Standard solution and Sample solution
Determine the amount of amodiaquine hydrochloride (C20 H22 ClN3 O·2HCl·2H2 O ) dissolved
from UV absorbances.
Tolerances: An amount of amodiaquine hydrochloride (C20 H22 ClN3 O·2HCl·2H2 O) equivalent
to NLT 75% (Q) of the labeled amount of amodiaquine (C20 H22 ClN3 O) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Amodiaquine Hydrochloride RS
USP Chloroquine Phosphate RS
BRIEFING
Ciprofloxacin Extended-Release Tablets. Because there is no existing USP monograph for
this dosage form, a new monograph based on validated methods of analyses is being
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proposed. The HPLC procedures in the Assay and the test for Organic Impurities are based
on analyses performed with the ACE C18 brand of L1 column. The typical retention times for
the ciprofloxacin peak in the Assay and Organic Impurities is about 8.4 min.
(SM1: L. Santos, B. Davani.)
Correspondence Number—C97731

Comment deadline: January 31, 2012
Add the following:
Ciprofloxacin Extended-Release Tablets
DEFINITION
Ciprofloxacin Extended-Release Tablets contain NLT 90.0% and NMT 110 .0% of the labeled
amount of ciprofloxacin (C17 H18 FN3 O3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dilute 2.9 mL of phosphoric acid in water to 1000 mL. Adjust with triethylamine to a
pH of 3.0.
Mobile phase: Acetonitrile and Buffer (135:865)
System suitability solution: 0.58 mg/mL of USP Ciprofloxacin Hydrochloride RS and 0.5
mg/mL of USP Ciprofloxacin Ethylenediamine Analog RS in Mobile phase
Standard stock solution: 1.16 mg/mL of USP Ciprofloxacin Hydrochloride RS in Mobile
phase
Standard solution: 0.058 mg/mL of USP Ciprofloxacin Hydrochloride RS in Mobile phase
from Standard stock solution
Sample stock solution: Nominally 0.5 mg/mL in Mobile phase prepared as follows. Transfer
an equivalent to 250 mg of ciprofloxacin from finely powdered Tablets (NLT 20) to a 500mL volumetric flask, add 400 mL of Mobile phase, place on a rotary shaker for 15 min, and
sonicate for 25 min. Allow the solution to cool to room temperature, and dilute with Mobile
phase to volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore
size.
Sample solution: Nominally 0.05 mg/mL of ciprofloxacin in water from Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 10 µL
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System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 6 between the ciprofloxacin and ciprofloxacin ethylenediamine analog
peaks, System suitability solution
Tailing factor: NMT 4.0 for the ciprofloxacin peak, System suitability solution
Relative standard deviation: NMT 2.0% for the ciprofloxacin peak, Standard solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of ciprofloxacin (C17 H18 FN3 O3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of ciprofloxacin from the Sample solution
rS= peak response of ciprofloxacin from the Standard solution
CS= concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1
= molecular weight of ciprofloxacin, 331.34
Mr2
= molecular weight of ciprofloxacin hydrochloride, 367.81
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: pH 4.5 acetate buffer (transfer 3 g of sodium acetate and 14 mL of 2 N acetic
acid to a 1-L volumetric flask, and dilute with water to volume); 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 30, 60, and 120 min
Standard solution: 6.5 µg/mL of USP Ciprofloxacin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. For 500-mg Tablets: transfer 2 mL of the filtrate to a 200-mL
volumetric flask, and dilute with Medium to volume. For 1000-mg Tablets: transfer 1 mL of
the filtrate to a 200-mL volumetric flask, and dilute with Medium to volume. Replace the
aliquots withdrawn for analysis with fresh portions of Medium.
Analysis
Mode: UV
Analytical wavelength: 277 nm
Blank: Medium
Samples: Standard solution and Sample solution
Calculate the percentage of ciprofloxacin (C17 H18 FN3 O3 ) dissolved at each time interval (Di
):
Di = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × D × 100
A=U absorbance of the Sample solution
A=S absorbance of the Standard solution
C=S concentration of ciprofloxacin in the Standard solution (mg/mL)
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L= label claim (mg/Tablet)
M=r1molecular weight of ciprofloxacin, 331.34
M=r2molecular weight of ciprofloxacin hydrochloride, 367.81
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution
Percentage of ciprofloxacin dissolved at the first time interval = D1
Percentage of ciprofloxacin dissolved at the second time interval = D2 + [D1 × (v/V)]
Percentage of ciprofloxacin dissolved at the third time interval = D3 + [(D2 + D1 ) × v/V)]
v= volume of solution under test removed at each time interval (mL)
Tolerances
For Tablets labeled to contain 500 mg, see Table 1.
Table 1
Time
(min) Amount Dissolved
30
42%–62%
60
62%–87%
120
NLT 80%
For Tablets labeled to contain 1000 mg, see Table 2.
Table 2
Time
(min) Amount Dissolved
30
30%–50%
60
50%–70%
120
NLT 80%
The percentages of the labeled amount of ciprofloxacin (C17 H18 FN3 O3 ) dissolved at the
times specified conform to Acceptance Table 2 in Dissolution

711 .

PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, and System suitability solution: Proceed as directed in the Assay.
Standard stock solution: 0.5 mg/mL of USP Ciprofloxacin Hydrochloride RS in Mobile phase
Standard solution: 1.25 µg/mL of USP Ciprofloxacin Hydrochloride RS in Mobile phase from
Standard stock solution
Sample solution: Nominally 0.5 mg/mL of ciprofloxacin in Mobile phase prepared as follows.
Transfer an equivalent to 250 mg of ciprofloxacin from finely powdered Tablets (NLT 20)
to a 500-mL volumetric flask, add 400 mL of Mobile phase, place on a rotary shaker for 15
min, and sonicate for 25 min with intermittent shaking. Allow the solution to cool to room
temperature, and dilute with Mobile phase to volume. Pass a portion of the solution
through a suitable filter of 0.45-µm pore size.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 263 nm and 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 6 between the ciprofloxacin and ciprofloxacin ethylenediamine analog
peaks at 278 nm, System suitability solution
Tailing factor: NMT 2.0 for the ciprofloxacin peak at 278 nm, Standard solution
Relative standard deviation: NMT 10.0% for the ciprofloxacin peak at 278 nm,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of decarboxyciprofloxacin in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of decarboxyciprofloxacin at 263 nm from the Sample solution
rS= peak responses of ciprofloxacin at 263 nm from the Standard solution
CS= concentration of USP Ciprofloxacin Hydrochloride in the Standard solution (mg/mL)
CU= nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1
= molecular weight of ciprofloxacin, 331.34
Mr2
= molecular weight of ciprofloxacin hydrochloride, 367.81
F = relative response factor of decarboxyciprofloxacin as shown in Table 3
Calculate the percentage of the other impurities in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of each impurity at 278 nm from the Sample solution
rS= peak response of ciprofloxacin at 278 nm from the Standard solution
CS= concentration of USP Ciprofloxacin Hydrochloride in the Standard solution (mg/mL)
CU= nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1
= molecular weight of ciprofloxacin, 331.34
Mr2
= molecular weight of ciprofloxacin hydrochloride, 367.81
F = relative response factor as shown in Table 3
Acceptance criteria: See Table 3.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)
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Decarboxyciprofloxacina
0.36
1.6
0.2
Desfluorociprofloxacinb
0.59
1.0
0.2
c
Ciprofloxacin ethylenediamine analog
0.68
1.2
0.2
Ciprofloxacin
1.00
—
—
d
7-Chloro-6-piperazinyl analog
1.20
0.45
0.2
Chlorociprofloxacine
2.10
0.75
0.2
Any unspecified impurity
—
1.0
0.2
Total impurities
—
—
0.6
a 1-Cyclopropyl-6-fluoro-7-(piperazin-1-yl)quinolin-4(1H)-one.
b 1-Cyclopropyl-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
c 7-(2-Aminoethylamino)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid.
d 7-Chloro-1-cyclopropyl-4-oxo-6-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
e 6-Chloro-1-cyclopropyl-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Ciprofloxacin Ethylenediamine Analog RS
7-(2-Aminoethylamino)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid
C15 H16 FN3 O3
305.30
USP Ciprofloxacin Hydrochloride RS
USP36

BRIEFING
Clarithromycin, USP 34 page 2361. The following revisions are proposed:
1.
The test for Residue on Ignition is revised to remove information that is available in
Residue on Ignition 281 .
2.
The test for Heavy Metals is revised to remove the cross-reference to the Lead nitrate
stock solution in Heavy Metals 231 .
3.
The Organic Impurities procedure is revised to include chemical names of the
clarithromycin impurities. The trivial names of the impurities, the calculation formula,
and the relative response factors are revised to reflect current USP style.
4.
The USP Reference Standards section is revised to include the composition of USP
Clarithromycin Identity RS.
5.
The monograph is redesigned per current USP style.
(SM1: A. Wise.)
Correspondence Number—C103938

Comment deadline: January 31, 2012
Clarithromycin
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747.95

Erythromycin, 6-O-methyl-;
6-O-Methylerythromycin
[81103-11-9].
DEFINITION
Clarithromycin contains NLT 96.0% and NMT 102.0% of clarithromycin (C38 H69 NO13 ), calculated
on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
Change to read:
• Procedure
Solution A, Solution B, Mobile phase, Diluent, Standard solution 1, Standard solution
2, Standard solution 4, Sample solution, and Chromatographic system: Proceed as
directed in Organic Impurities.
System suitability
Samples: Standard solution 2 and Standard solution 4
[Note—See the relative retention times in Table 2. The typical retention time for
clarithromycin is about 11 min.]
Suitability requirements
Tailing factor: NMT 1.7, Standard solution 2
Peak-to-valley ratio: NLT 3.0, Standard solution 4
The Peak-to-valley ratio is calculated as follows:
Result = HP/HV
H=
P height, above the baseline, of the
clarithromycin USP36
impurity D peak, Standard solution 4
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H=
V height, above the baseline, of the lowest point of the curve separating the
clarithromycin USP36
impurity D peak from the clarithromycin peak, Standard solution 4
Relative standard deviation: NMT 1.5%, Standard solution 2
Analysis
Samples: Standard solution 1 and Sample solution
Calculate the percentage of clarithromycin (C38 H69 NO13 ) in the portion of Clarithromycin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area response from the Sample solution
rS= peak area response from Standard solution 1
C=
S concentration of USP Clarithromycin RS in Standard solution 1 (mg/mL)
C=
U concentration of Clarithromycin in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% on the anhydrous basis
IMPURITIES
Change to read:
• Residue on Ignition 281
Sample: 0.5 g
Analysis: Moisten the charred residue with 1 mL of sulfuric acid.
USP36

Acceptance criteria: NMT 0.2%
Change to read:
• Heavy Metals 231
Diluent: 85% v/v dioxane in water
Lead nitrate stock solution: Prepare as directed in Heavy Metals 231 .
Dissolve 159.8 mg of lead nitrate in 100 mL of water to which has been added 1 mL of
nitric acid. Dilute with water to 1000 mL. Prepare and store this solution in glass
containers free from soluble lead salts. USP36
Sample solution: 50 mg/mL in Diluent. Transfer 12 mL of this solution to a colorcomparison tube.
Standard solution: 1 ppm of Pb, prepared by diluting Lead nitrate stock solution with
Diluent. Add 10 mL of this solution and 2 mL of the Sample solution to a color-comparison
tube.
Blank: Add 10 mL of Diluent and 2 mL of the Sample solution to a color-comparison tube.
Analysis
Samples: Sample solution, Standard solution, and Blank
To each of the three tubes add 2 mL of pH 3.5 acetate buffer, mix, then add 1.2 mL of
thioacetamide–glycerin base TS, and mix.
Acceptance criteria: Compared to the Blank, the Standard solution shows a slight brown

PF 37(6): Nov.-Dec. 2011

305

color. After 2 min, any brown color in the Sample solution is not more intense than that in
the Standard solution (NMT 20 µg/g).
Change to read:
• Organic Impurities
Solution A: 4.76 g/L of monobasic potassium phosphate. Adjust with dilute phosphoric acid
(1 in 10) or potassium hydroxide (45% w/v) to a pH of 4.4. Pass this solution through a
C18 filtration kit.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
32
40
60
34
40
60
36
75
25
42
75
25
Diluent: Acetonitrile and water (1:1)
Standard solution 1: 1.5 mg/mL of USP Clarithromycin RS in acetonitrile and water (1:1).
Dissolve first in acetonitrile, using 50% of the final volume, and dilute with water to
volume.
Standard solution 2: 75 µg/mL of USP Clarithromycin RS from Standard solution 1 in
Diluent
Standard solution 3: 7.5 µg/mL of USP Clarithromycin RS from Standard solution 2 in
Diluent
Standard solution 4: 1.5 mg/mL of USP Clarithromycin Identity RS in acetonitrile and water
(1:1). Dissolve first in acetonitrile, using 50% of the final volume, and dilute with water to
volume.
Sample solution: 1.5 mg/mL of Clarithromycin in acetonitrile and water (1:1). Dissolve first
in acetonitrile, using 50% of the final volume, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40
Flow rate: 1.1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution 2 and Standard solution 4
[Note—See the relative retention times in Table 2. The typical retention time for
clarithromycin is about 11 min.]
Suitability requirements
Tailing factor: NMT 1.7, Standard solution 2
Peak-to-valley ratio: NLT 3.0, Standard solution 4
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The Peak-to-valley ratio is calculated as follows:
Result = HP/HV
H=
P height, above the baseline, of the
clarithromycin USP36
impurity D peak, Standard solution 4
H=
V height, above the baseline, of the lowest point of the curve separating the
clarithromycin impurity D peak from the
clarithromycin USP36
peak, Standard solution 4
Analysis
Samples: Diluent, Standard solution 2, Standard solution 3, Standard solution 4, and
Sample solution
Calculate the percentage of each impurity in the portion of Clarithromycin taken:
Result = (rU/rS) × (CS/CU) ×
(1/F) USP36
× 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of clarithromycin from Standard solution 3
C=
S concentration of USP Clarithromycin RS in Standard solution 3 (mg/mL)
C=
U concentration of Clarithromycin in the Sample solution (mg/mL)
F= relative response factor (See Table 2.)
Acceptance criteria
Any individual impurity: NMT 1.0%. NMT four impurities exceed 0.4%.
Total impurities: NMT 3.5%
Table 2
Relative
Retention
Time
Name
Impurity I
Impurity A
Impurity J
Impurity L
Impurity B
Impurity M
Impurity C
Impurity D
Clarithromycin
Impurity N
Impurity E
Impurity F

0.38
0.42
0.63
0.74
0.79
0.81
0.89
0.96
1.0
1.15
1.27
1.33

Relative
Response
Factor
(F)
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
–
1.0
1.0
1.0
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Impurity P
1.35
1.0
Impurity O
1.38
1.0
Impurity K
1.59
1.0
Impurity G
1.72
3.7
Impurity H
1.82
6.7
Acceptance criteria: See Table 2.
Any individual impurity: NMT 1.0%. NMT four impurities exceed 0.4%.
Total impurities: NMT 3.5%
Table 2

Name
Clarithromycin impurity Ia
Clarithromycin impurity Ab (clarithromycin F)
Clarithromycin impurity Jc
Clarithromycin impurity Ld
Clarithromycin impurity Be
Clarithromycin impurity Mf
Clarithromycin impurity Cg
Clarithromycin impurity Dh
Clarithromycin
Clarithromycin impurity Ni
Clarithromycin related compound Aj
Clarithromycin impurity F k
Clarithromycin impurity Pl
Clarithromycin impurity Om
Clarithromycin impurity Kn
Clarithromycin impurity Go
Clarithromycin impurity Hp

Relative
Retention
Time
0.38
0.42
0.63
0.74
0.79
0.81
0.89
0.96
1.0
1.15
1.27
1.33
1.35
1.38
1.59
1.72
1.82

Relative
Response
Factor
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
—
1.0
1.0
1.0
1.0
1.0
1.0
3.7
6.7
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a 3-O-Decladinosyl-6-O-methylerythromycin A.
b 2-Demethyl-2-(hydroxymethyl)-6-O-methylerythromycin A.
c Erythromycin A (E)-9-oxime.
d 6-O-Methylerythromycin (Z)-9-oxime.
e 6-O-Methyl-15-norerythromycin A.
f 3¢¢-N-Demethyl-6-O-methylerythromycin A (E)-9-oxime.
g 6-O-Methylerythromycin A (E)-9-oxime.
h 3¢¢-N-Demethyl-6-O-methylerythromycin A.
i (10E)-10,11-Didehydro-11-deoxy-6-O-methylerythromycin A.
j 6,11-Di-O-methylerythromycin A.
k 6,12-Di-O-methylerythromycin A.
l 4¢,6-Di-O-methylerythromycin A.
m 6-O-Methylerythromycin A (Z)-9-(O-methyloxime).
n (1S,2R,5R,6S,7S,8R,9R,11Z)-2-Ethyl-6-hydroxy-9-methoxy-1,5,7,9,11,13hexamethyl-8-[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexapyranosyl]oxy]-3,15dioxabicyclo[10.2.1]pentadeca-11,13-dien-4-one (3-O-decladinosyl-8,9:10,11dianhydro-6-O-methylerythromycin A-9,12-hemiketal.
o 6-O-Methylerythromycin A (E)-9-(O-methyloxime).
p 3¢¢-N-Demethyl-3¢¢-N-formyl-6-O-methylerythromycin A.
USP36

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in methylene chloride
Acceptance criteria:
• Crystallinity

94 to

102 (at 20 )

695 : Meets the requirements

• pH 791
Sample: 2 mg/mL suspension in methanol and water (1:19)
Acceptance criteria: 8.0–10.0
• Water Determination, Method I

921 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Clarithromycin RS
USP Clarithromycin Identity RS
This is a mixture of clarithromycin, clarithromycin impurity D (3¢¢-N-demethyl-6-Omethylerythromycin A; C37 H67 NO13 733.9), and other impurities.
USP36
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BRIEFING
Clarithromycin for Oral Suspension, USP 34 page 2362. On the basis of comments received,
the monograph is revised as follows:
1.
The Assay is revised to delete the column efficiency and the capacity factor because
the remaining criteria are adequate to evaluate system suitability.
2.
The monograph is redesigned per current USP style.
(SM1: A. Wise.)
Correspondence Number—C103938

Comment deadline: January 31, 2012
Clarithromycin for Oral Suspension
DEFINITION
Clarithromycin for Oral Suspension is a dry mixture of Clarithromycin, dispersing agents,
diluents, preservatives, and flavorings. It contains NLT 90.0% and NMT 115.0% of the labeled
amount of clarithromycin (C38 H69 NO13 ), the labeled amount being 25 mg or 50 mg/mL when
constituted as directed in the labeling.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 0.067 M monobasic potassium phosphate
Mobile phase: Methanol and Buffer (60:40), adjusted with phosphoric acid to a pH of 3.5.
Pass through a suitable filter.
Standard stock solution: Equivalent to 2.1 mg/mL of clarithromycin from USP
Clarithromycin RS in methanol
Standard solution: 0.415 mg/mL of clarithromycin from Standard stock solution in Mobile
phase
Sample stock solution: Constitute the Clarithromycin for Oral Suspension as directed in
the labeling. Transfer an aliquot of the suspension, equivalent to 1–2 g of clarithromycin,
with the aid of 330 mL of Buffer, to a 1000-mL volumetric flask containing 50 mL of Buffer.
Shake by mechanical means for 30 min, and dilute with methanol to volume. Sonicate for
about 30 min, and allow to cool. Dilute with methanol to volume, add a magnetic stirring
bar, and stir for 60 min. Allow to settle, and use the clear supernatant.
Sample solution: Transfer an aliquot of the Sample stock solution, nominally equivalent to
20 mg of clarithromycin, to a 50-mL volumetric flask, dilute with Mobile phase to volume,
and pass through a suitable filter.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 210 nm
Columns
Guard (optional): Packing L1
Analytical: 4.6-mm × 15-cm; packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2100 theoretical plates from the clarithromycin peak calculated
as follows.
Result = 5.545 × (t/Wh/2 )2
USP36

Tailing factor: 1.0–1.7
Capacity factor: 2.5–6
USP36

Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) in the
portion of the constituted Clarithromycin for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area response from the Sample solution
rS= peak area response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of clarithromycin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units
the requirements
• Deliverable Volume
requirements

905 (for powder packaged in single-unit containers): Meets

698 (for powder packaged in multiple-unit containers): Meets the

SPECIFIC TESTS
• pH 791
Sample: Use the suspension constituted as directed in the labeling.
Acceptance criteria: 4.0–5.4
• Loss on Drying 731
Sample: 1 g
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Analysis: Dry under vacuum at a pressure not exceeding 5 mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Clarithromycin RS

11
BRIEFING

Clarithromycin Extended-Release Tablets, USP 34 page 2364. On the basis of comments
received, the monograph is revised as follows:
1.
The column efficiency criterion in the Assay, in Dissolution Test 2, and in Dissolution
Test 3 are deleted because the remaining criteria are adequate to evaluate system
suitability.
2.
The calculation formulas for Dissolution Test 2, Dissolution Test 3, and Dissolution Test
4 are revised per current USP style.
3.
The test for Loss on Drying is deleted because this limit is product-specific and depends
on the excipients used.
4.
The monograph is redesigned per current USP style.
(SM1: A. Wise.)
Correspondence Number—C103938

Comment deadline: January 31, 2012
Clarithromycin Extended-Release Tablets
DEFINITION
Clarithromycin Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of clarithromycin (C38 H69 NO13 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer A: 0.067 M monobasic potassium phosphate
Mobile phase: Methanol and Buffer A (13:7). Adjust with phosphoric acid to a pH of 4.0.
Pass through a suitable filter.
Standard stock solution: 625 µg/mL of clarithromycin from USP Clarithromycin RS in
methanol. Shake and sonicate, if necessary, to facilitate dissolution.
Standard solution: 125 µg/mL of clarithromycin in Mobile phase from Standard stock
solution. Pass through a suitable filter.
System suitability stock solution: 625 µg/mL of USP Clarithromycin Related Compound A
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RS in methanol
System suitability solution: 125 µg/mL of USP Clarithromycin Related Compound A RS
from System suitability stock solution and 125 µg/mL of clarithromycin from Standard
stock solution in Mobile phase
Sample stock solution: Transfer nominally 2000 mg of clarithromycin from finely powdered
Tablets to a 500-mL volumetric flask with the aid of methanol. Add about 350 mL of
methanol, and shake by mechanical means for 30 min. Dilute with methanol to volume, and
sonicate for 30 min. Cool to room temperature, and allow to stand for at least 16 h. Mix,
allow any insoluble matter to settle, and use the supernatant.
Sample solution: Transfer 3.0 mL of the Sample stock solution to a 100-mL volumetric
flask, and dilute with Mobile phase to volume. Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Columns
Guard (optional): Packing L1
Analytical: 4.6-mm × 15-cm; packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20–50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clarithromycin and clarithromycin related compound
A are about 0.75 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clarithromycin and clarithromycin related compound A,
System suitability solution
Column efficiency: NLT 750 theoretical plates, Standard solution
USP36

Tailing factor: 0.9–1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of clarithromycin in the Standard solution (µg/mL)
C=
U nominal concentration of clarithromycin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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Change to read:
• Dissolution 711
Test 1
Buffer B: Dissolve 816.5 g of monobasic potassium phosphate and 48 g of sodium
hydroxide in about 4 L of water, mix, and dilute with water to 20 L. Adjust with either
concentrated phosphoric acid or 1 N sodium hydroxide to a pH of 6.0 ± 0.05.
Medium: Buffer B; 900 mL
Apparatus 2: 75 rpm
Times: 30, 45, 60, and 120 min
Standard solutions: Prepare five solutions of USP Clarithromycin RS dissolved in
acetonitrile and diluted with Medium, with known concentrations over a range of about
60–600 µg/mL.
Sample solution: Use portions of the solution under test passed through a polyethylene
filter of 35-µm pore size.
Chromatographic system: Proceed as directed in the Assay, except the Injection
volume is 50 µL.
Analysis
Samples: Standard solutions and Sample solution
Perform a linear regression analysis to generate a standard curve using the peak area of
each Standard solution versus its concentration. Determine the percentage of the
labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at each specified time interval,
using the peak area of each Sample solution and the linear regression statistics for the
Standard solutions.
Tolerances: The percentages of the labeled amounts of clarithromycin (C38 H69 NO13 )
dissolved at the times specified conform to Table 1.
Table 1

Level
L1

L2

L3

Amount
Dissolved,
Amount Dissolved,
Average
Time
Individual Limits
Limits
(min)
(%)
(%)
30 NMT 65
—
45 55–85
—
60 NLT 75
—
120 NLT 85
—
30 NMT 75
NMT 65
45 45–95
55–85
60 NLT 65
NLT 75
120 NLT 75
NLT 85
30 NMT 2 Tablets release more than 75%, and no individual NMT 65
Tablet releases more than 85%
45 NMT 2 Tablets are outside the range of 45%–95%, and
55–85
no individual Tablet is outside the range of 35%–105%
60 NMT 2 Tablets release less than 65%, and no individual
NLT 75
Tablet releases less than 55%
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NMT 2 Tablets release less than 75%, and no individual
Tablet releases less than 65%

NLT 85

Test 2
If the product complies with this test, the labeling indicates that it meets USP Dissolution
Test 2.
Buffer C: 0.05 M phosphate buffer with a pH of 6.8, containing 0.5% of sodium lauryl
sulfate
Medium: Buffer C; 900 mL, degassed by sonication and vacuum
Apparatus 1: 100 rpm
Times: 2, 12, and 24 h
Buffer D: 9.2 g/L of monobasic sodium phosphate monohydrate in water, adjusted with
phosphoric acid to a pH of 2.5 prior to final dilution
Mobile phase: Methanol and Buffer D (65:35)
Standard solution: 0.56 mg/mL of USP Clarithromycin RS in a solution of methanol and
Medium (1 in 10). Dissolve first in methanol using 10% of the final volume, and dilute
with Medium to volume.
Sample solution: Centrifuge the solution under test at 2500 rpm for 10 min.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
USP36

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the concentration, in mg/mL, of clarithromycin (C38 H69 NO13 ) in the Sample
solution at each time point:
Result = (rU/rS) × CS
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of clarithromycin in the Standard solution (mg/mL)
Calculate the percentage of clarithromycin (C38 H69 NO13 ) dissolved with volume
correction:
Result = [{Cn × [VM

VU(n

1)]} + [
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Ci × VU]] × 100/L
C=
n concentration of clarithromycin in the Sample solution at each time point (mg/mL)
V=
M volume of Medium, 900 mL
VU= volume of the Sample withdrawn at each time point (mL)
n= number of time points
L = tablet label claim (mg)
The summation of the amount of clarithromycin removed at previous sampling time points
is applicable only where n is greater than 1.
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at each time point (QT):
Q2 = (rU/rS) × (CS/L) × V × 100
Q12 = [Q2 × (VS/V)] + [(rU/rS) × (CS/L) × (V
Q24 = [Q2 × (VS/V)] + [Q12 × VS/(V

VS) × 100]

2VS)] + [(rU/rS) × (CS/L) × (V

2VS) × 100]

rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of clarithromycin in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
V=
S volume of the sample withdrawn at each time point (mL)
L= label claim (mg/Tablet) USP36
Tolerances: The percentages of the labeled amounts of clarithromycin (C38 H69 NO13 ) dissolved
at the times specified conform to Acceptance Table 2 in Dissolution

Time
(h)
2
12
24

711 .

Table 2
Amount
Dissolved
(%)
NMT 20
45–70
NLT 80

Test 3
If the product complies with this test, the labeling indicates that it meets USP Dissolution Test
3.
Buffer E: Dissolve 3.59 g of sodium acetate trihydrate and 11.0 mL of 2 N acetic acid in 1000
mL of water. Adjust with 2 N acetic acid to a pH of 4.75.
Medium: Buffer E; 1000 mL
Apparatus 1: 10 mesh; 50 rpm
Times: 1, 2, 4, 8, and 12 h
Buffer F: 9.12 g/L of monobasic potassium phosphate in water
Mobile phase: Methanol and Buffer F (65:35). Adjust with phosphoric acid to a pH of 4.0.
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Standard stock solution: 625 µg/mL of clarithromycin from USP Clarithromycin RS in
methanol. Shake and sonicate, if necessary, to dissolve.
Standard solution: 125 µg/mL of clarithromycin from Standard stock solution in Mobile phase
System suitability stock solution: 625 µg/mL of USP Clarithromycin Related Compound A RS
in methanol
System suitability solution: 125 µg/mL of clarithromycin related compound A from System
suitability stock solution and 125 µg/mL of clarithromycin from Standard stock solution in
Mobile phase
Sample solution: Withdraw 10 mL of the solution under test from each vessel and replace
with 10 mL of Medium. Transfer 3 mL of the withdrawn solution to a 25-mL volumetric flask,
and dilute with Mobile phase to volume. Pass through a filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clarithromycin and clarithromycin related compound A
are about 0.75 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clarithromycin and clarithromycin related compound A,
System suitability solution
Column efficiency: NLT 750 theoretical plates , Standard solution
USP36

Tailing factor: 0.9–2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of clarithromycin (C38 H69 NO13 ) dissolved at each time point:
Result = (rU/rS) × CS × 100/L
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= tablet label claim (mg)
Calculate the percentage, of clarithromycin (C38 H69 NO13 ) dissolved, with volume correction at
time points n

2:
Result = [{Cn × VM} + [
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Ci × VU]] × 100/L
Cn= concentration of clarithromycin in the Sample solution at each time point (mg/mL)
VM
= volume of Medium, 1000 mL
V=
U volume of sample withdrawn at each time point (mL)
n= time point (at 2 h, n = 2)
= summation of the concentration of the Sample solution from the first to the (n
time point (only applicable for n 2)
L = tablet label claim (mg)

1)th

Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at
each time point (QT):
Q1 = (rU/rS) × (CS/L) × V × 100
Q2 = [Q1 × (VS/V)] + [(rU/rS) × (CS/L) × (V
Q4 = [Q1 × (VS/V)] + [Q2 × VS/(V
Q8 = [Q1 × (VS/V)] + [Q2 × VS/(V
Q12 = [Q1 × (VS/V)] + [Q2 × VS/(V

VS) × 100]

2VS)] + [(rU/rS) × (CS/L) × (V

2VS)] + [Q4 × VS/(V
3VS) × 100]
2VS)] + [Q4 × VS/(V

[(rU/rS) × (CS/L) × (V

2VS) × 100]

3VS)] + [(rU/rS) × (CS/L) × (V
3VS)] + [Q8 × VS/(V

4VS)] +

4VS) × 100]

rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of clarithromycin in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
V=
S volume of the sample withdrawn at each time point (mL)
L= label claim (mg/Tablet) USP36
Tolerances: The percentages of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at the times specified conform to Acceptance Table 2 in Dissolution

711 .

Table 3
Amount
Time
Dissolved
(h)
(%)
1
NMT 15
2
10–30
4
35–55
8
NLT 80
12
NLT 90
Test 4
If the product complies with this test, the labeling indicates that it meets USP Dissolution Test
4.
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Buffer G: 6.8 g/L of potassium dihydrogen phosphate and 0.18 g/L of sodium hydroxide in
water. Adjust with dilute sodium hydroxide or phosphoric acid to a pH of 6.0 ± 0.1.
Medium: Buffer G; 900 mL
Apparatus 2: 50 rpm
Times: 2, 4, 8, and 12 h
Buffer H: 6.8 g/L of potassium dihydrogen phosphate in water. Adjust with dilute sodium
hydroxide or phosphoric acid to a pH of 4.5 ± 0.1.
Mobile phase: Methanol and Buffer H (64:36)
Standard solution: 0.4 mg/mL of USP Clarithromycin RS in methanol and Medium (96:4).
Dissolve first in Medium, using 60% of the final volume. Sonicate about 10 min until
dissolved. Add methanol, using 4% of the final volume. Dilute with Medium to volume.
Sample solution: Use the solution under test, passed through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the concentration, in mg/mL, of clarithromycin (C38 H69 NO13 ) in the Sample
solution at each time point:
Result = (rU/rS) × CS
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
Calculate the percentage of clarithromycin (C38 H69 NO13 ) dissolved at each time point:
Result = Cn × [VM

(n

1) × VS] + (C1 + C2 + …. + Cn

1)

× VS × 100/L

C=
n concentration in the Sample solution at each time point (mg/mL)
VM
= volume of Medium, 900 mL
VS= volume of the sample taken at each time point (mL)
L = tablet label claim (mg)
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at
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each time point (QT):
Q2 = (rU/rS) × (CS/L) × V × 100
Q4 = [Q2 × (VS/V)] + [(rU/rS) × (CS/L) × (V
Q8 = [Q2 × (VS/V)] + [Q4 × VS/(V
Q12 = [Q2 × (VS/V)] + [Q4 × VS/(V

VS) × 100]

2VS)] + [(rU/rS) × (CS/L) × (V

2VS)] + [Q8 × VS/(V
3VS) × 100]

2VS) × 100]

3VS)]+ [(rU/rS) × (CS/L) × (V

rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of clarithromycin in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
V=
S volume of the sample withdrawn at each time point (mL)
L= label claim (mg/Tablet) USP36
Tolerances: The percentages of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at the times specified conform to Acceptance Table 2 in Dissolution

711 .

Table 4
Amount
Time
Dissolved
(h)
(%)
2
NMT 25
4
20–40
8
45–75
12
NLT 80
• Uniformity of Dosage Units

905 : Meet the requirements

SPECIFIC TESTS
Delete the following:
• Loss on Drying 731 : Dry a portion of powdered Tablets in a vacuum at a pressure not
exceeding 5 mm of mercury at 110 for 3 h: it loses NMT 5.0% of its weight.

USP36

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
25 , excursions permitted between 15 and 30 .
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Clarithromycin RS
USP Clarithromycin Related Compound A RS
6,11-Di-O-methylerythromycin A.
C39 H71 NO13
762.00
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BRIEFING
Doxycycline Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the Assay and in the test for Organic impurities are based on
analyses performed with a HyperRez XP brand of L21 column. The typical retention time for
doxycycline is 10 min.
(SM1: A. Wise.)
Correspondence Number—C88340

Comment deadline: January 31, 2012
Add the following:
Doxycycline Tablets
DEFINITION
Doxycycline Tablets contain NLT 90.0% and NMT 120.0% of the labeled amount of doxycycline
(C22 H24 N2 O8 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: A solution containing 3.2 g/L of monobasic potassium phosphate, 0.87 g/L of
sodium hydroxide, 0.59 g/L of tetrabutylammonium hydrogen sulfate, and 0.47 g/L of
disodium edetate
Mobile phase: To 850 mL of Buffer add 60 g of tertiary butyl alcohol, and dilute with water
to 1000 mL. Adjust with 1N sodium hydroxide to a pH of 8.0.
Diluent A: 0.1 N hydrochloric acid
Diluent B: 0.01 N hydrochloric acid
System suitability solution: 1.2 mg/mL of USP Doxycycline Hyclate RS and 1 mg/mL of
USP Doxycycline Related Compound A RS in a mixture of Diluent A and Diluent B (20:80),
prepared as follows. Dissolve first in Diluent A using 20% of the final volume, and then
dilute with Diluent B to volume. Sonicate as necessary to dissolve.
Standard solution: 1.2 mg/mL of USP Doxycycline Hyclate RS in a mixture of Diluent A and
Diluent B (20:80), prepared as follows. Dissolve first in Diluent A using 20% of the final
volume, and then dilute with Diluent B to volume. Sonicate as necessary to dissolve.
Protect this solution from light using low-actinic glassware.
Sample solution: 1 mg/mL of doxycycline in Diluent from NLT 20 Tablets, finely crushed, in
a mixture of Diluent A and Diluent B (20:80) prepared as follows. Suspend a suitable
portion of crushed Tablets in Diluent A using 20% of the final volume, sonicate as
necessary, and dilute with Diluent B to volume. Pass through a suitable filter. Protect this
solution from light using low-actinic glassware.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm column; 5-µm packing L21
Column temperature: 60
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
The relative retention times for doxycycline related compound A and doxycycline are
about 0.7 and 1.0, respectively.
Suitability requirements:
Resolution: NLT 1.5 between doxycycline related compound A and doxycycline, System
suitability solution
Tailing factor: NMT 2.0 for the doxycycline peak, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) in the
portion of Doxycycline Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
C=
U nominal concentration of doxycycline in the Sample solution (mg/mL)
P= potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: 0.01 mg/mL of doxycycline from USP Doxycycline Hyclate RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
a portion of the filtrate with Medium to a concentration that is similar to that of the
Standard solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 268 nm
Cell: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
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Determine the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) dissolved:
Result = (AU/AS) × (CS/L) × V × P × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
P= potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
Tolerances: NLT 85% (Q) of the labeled amount of doxycycline (C22 H24 N2 O8 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Diluent A, Diluent B, Mobile phase, System suitability solution, Standard solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Doxycycline Tablets taken:
Result = (rU/rS) × (1/F) ×100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of doxycycline from the Sample solution
F= relative response factor as listed in Table 1
Acceptance criteria: See Table 1
Table 1
Name

Oxytetracyclinea
4-Epidoxycyclineb
Methacyclinea,c
Doxycycline related compound A (6epidoxycycline)a ,d
Doxycycline
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.3
0.4
0.6
0.7
1.0
–
–

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
(F)
–
–
0.8
–
–

1.5
–
–

–
1.0
–

–
0.3
2.5
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a These are synthetic process impurities, which are controlled in the drug substance.
They are listed here for reference only and are not to be reported. Total impurities does
not include these peaks.
b (4R,4aR,5S,5aR,6R,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide.
c (4S,4aR,5S,5aR,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,
10,12,12a-pentahydroxy-6-methylene-1,11-dioxo-2-naphthacenecarboxamide.
d (4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 11
USP Doxycycline Hyclate RS
USP Doxycycline Related Compound A RS
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide
C22 H24 N2 O8
444.43
USP36

BRIEFING
Epoprostenol Sodium. Because there is no existing USP monograph for this drug substance, a
new monograph is being proposed. The liquid chromatographic procedures in the tests for
Assay and Organic Impurities were validated with a Waters XTerra RP8 brand of L7 column,
from which epoprostenol elutes at about 15 min.
(SM4: D. Vicchio.)
Correspondence Number—C84142

Comment deadline: January 31, 2012
Add the following:
Epoprostenol Sodium

C20 H31 NaO5

374.45

Prosta-5,13-dien-1-oic acid, 6,9-epoxy-11,15-dihydroxy-, sodium salt, (5Z,9 ,11 ,13E,15S);
Sodium (Z)-(3aR,4R,5R,6aS)-hexahydro-5-hydroxy-4-[(E)-(3S)-3-hydroxy-1-octenyl]-2Hcyclopenta[b]furan-D2,D -valerate
[61849-14-7].
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DEFINITION
Epoprostenol Sodium contains NLT 98.0% and NMT 102.0% of the labeled amount of
epoprostenol sodium (C20 H31 NaO5 ), calculated on the anhydrous and sodium hydroxide-free
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak in the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Sodium 191
Sample: 100 mg
Acceptance criteria: The residue from the ignited sample meets the criteria.
ASSAY
• Procedure
[Note—The Standard solution and Sample solution should be freshly prepared. Solutions should
be kept from heating during preparation.]
Buffer: 3.5 g/L of dibasic potassium phosphate in water, adjusted with phosphoric acid to a
pH of 9.0
Mobile phase: Acetonitrile and Buffer (24:76)
Standard solution: 0.5 mg/mL of USP Epoprostenol Sodium RS in Mobile phase
Sample solution: 0.5 mg/mL of Epoprostenol Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
Auto sampler temperature: 4
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Column efficiency: NLT 5000 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epoprostenol sodium (C20 H31 NaO5 ) in the portion of
Epoprostenol Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of epoprostenol from the Sample solution
rS= peak response of epoprostenol from the Standard solution
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C=
S concentration of USP Epoprostenol Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Epoprostenol Sodium in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and sodium hydroxide-free basis
IMPURITIES
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Limit of Sodium Hydroxide
Sample: 100 mg of Epoprostenol Sodium
Blank: Water
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.01 N hydrochloric acid
Endpoint detection: Visual
Analysis: Dissolve the Sample in 50 mL of water, and titrate with the Titrant. Perform a
blank determination, and make any necessary correction.
Calculate the percentage of sodium hydroxide in the portion of Epoprostenol Sodium
taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (meq/mL)
F= equivalency factor, 40.00 mg/meq
W= Sample weight (mg)
Acceptance criteria: NLT 3.0% and NMT 5.0% sodium hydroxide is found.
• Organic Impurities
[Note—The Standard solution and Sample solution should be freshly prepared. Solutions should
be kept from heating during preparation.]
Buffer: 3.5 g/L of dibasic potassium phosphate in water, adjusted with phosphoric acid to a
pH of 9.0
Solution A: Acetonitrile and Buffer (21:79)
Solution B: Acetonitrile and Buffer (70:30)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
4
100
0
8
90
10
20
90
10
25
100
0
30
100
0
System suitability stock solution: 0.25 mg/mL of USP Epoprostenol Related Compound A
RS and 0.05 mg/mL of USP Epoprostenol Related Compound B RS in Solution A. [Note
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—Sonicate as needed. ]
System suitability solution: 5 mg/mL of USP Epoprostenol Sodium RS, 0.025 mg/mL of
USP Epoprostenol Related Compound A RS, and 0.005 mg/mL of USP Epoprostenol Related
Compound B RS in Solution A, prepared as follows: Transfer 50 mg of USP Epoprostenol
Sodium RS into a 10-mL volumetric flask, dilute with 5 mL of Solution A, and sonicate. Add
1 mL of the System suitability stock solution, and dilute with Solution A to volume.
Standard solution: 0.005 mg/mL of USP Epoprostenol Sodium RS in Solution A
Sample solution: 5.0 mg/mL of Epoprostenol Sodium in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
Auto sampler temperature: 4
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the epoprostenol related compound A and epoprostenol
related compound B peaks, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Epoprostenol Sodium taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each epoprostenol impurity from the Sample solution
rS= peak response of epoprostenol from the Standard solution
C=
S concentration of USP Epoprostenol Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Epoprostenol Sodium in the Sample solution (mg/mL)
F= relative response factor relative to epoprostenol (see Table 2)
Acceptance criteria: See Table 2.
[Note—Disregard peaks below 0.025%.]

Compound
Epoprostenol related compound Ba
Epoprostenol related compound Ab
Epoprostenol
Any individual unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
0.39
0.43
1.00
—
—

Relative
Response
Factor
2.4
0.093
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.15
0.50
—
0.10
0.75
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a Sodium 5-(diphenylphosphinoyl)pentanoate.
b 7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxyoct-1-enyl]cyclopentyl}-6oxoheptanoic acid.

SPECIFIC TESTS
• Water, Method I 921
Sample size: 25 mg
Acceptance criteria: NMT 28.0%
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria: +90.0 to +98.0 , calculated on the anhydrous basis
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store between
.

25 and

10

• USP Reference Standards 11
USP Epoprostenol Related Compound A RS
7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxyoct-1-enyl]cyclopentyl}-6oxoheptanoic acid.
C20 H34 O6
370.48
USP Epoprostenol Related Compound B RS
Sodium 5-(diphenylphosphinoyl)pentanoate.
C17 H18 NaO3 P
324.29
USP Epoprostenol Sodium RS
USP36

BRIEFING
Estradiol Injectable Suspension, USP 34 page 2749. It is proposed to delete the monograph
for the following reasons: No drug products formulated as defined in Estradiol Injectable
Suspension are currently marketed in the United States. The drug product is currently not
used in veterinary medicine in the United States.
(SM4: D. Vicchio.)
Correspondence Number—C103539

Comment deadline: January 31, 2012
Delete the following:
Estradiol Injectable Suspension
DEFINITION
Estradiol Injectable Suspension is a sterile suspension of Estradiol in Water for Injection. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of C18 H24 O2 .
IDENTIFICATION
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• A. Infrared Absorption 197M
Sample: Transfer a volume of well-mixed Injectable Suspension equivalent to 10 mg of
estradiol to a flask, render it acid to bromophenol blue TS with dilute hydrochloric acid (1
in 12), and place in an ice bath for 15 min. Filter the acidified suspension with suction
through a sintered-glass funnel. Wash the crystals of estradiol so isolated with five
successive 5-mL portions of water, and dry the funnel and contents at 105 to constant
weight.
Acceptance criteria: Meets the requirements.
• B. Melting Range or Temperature, Class I 741 :
Sample: Proceed as directed in Identification test A. Dry over silica gel for NLT 16 h prior to
testing.
Acceptance criteria: 173 –179
ASSAY
• Procedure
[Note—The Standard solution, Sample solution, and the Blank solution should be prepared and
analyzed concomitantly.]
Standard stock solution: 40 µg/mL of USP Estradiol RS in methanol
Standard solution: Transfer 1.0 mL of the Standard stock solution to a glass-stoppered,
16- × 150-mm test tubes, and evaporate with the aid of gentle heat and a current of air
to dryness. Using a suitable syringe, add 1.0 mL of iron-phenol TS. Suspend the tube in a
vigorously boiling water bath, and mix after heating for 5 min. Remove the tube after
heating in the water bath for a total of 35 min, and immediately cool in an ice-water bath.
Remove from the ice bath, add 10.0 mL of dilute sulfuric acid (1 in 3) to obtain a
homogeneous solution, and allow to reach room temperature.
Sample stock solution: Nominally 40 µg/mL of estradiol, prepared as follows. Transfer an
aliquot of well-mixed Injectable Suspension equivalent to 1 mg of estradiol to a 100-mL
beaker, and add water, if necessary, to obtain a volume of 5 mL. Add 6 g of purified
siliceous earth, mix, and pack the mixture tightly into a 20- × 200-mm chromatographic
tube containing in its base a pledget of fine glass wool. Dry-rinse the beaker with 1 g of
purified siliceous earth, add the rinsing to the packed column, and wipe out the beaker
with a pledget of glass wool used to top the column. Elute the column with 50 mL of ether
that previously has been saturated with water, and collect the eluate in a glassstoppered, 125-mL conical flask. Evaporate with the aid of gentle heat and a current of
air to dryness, and add 25.0 mL of methanol to the residue.
Sample solution: Transfer 1.0 mL of the Sample stock solution to a glass-stoppered, 16- ×
150-mm test tubes, and evaporate with the aid of gentle heat and a current of air to
dryness. Using a suitable syringe, add 1.0 mL of iron-phenol TS. Suspend the tube in a
vigorously boiling water bath, and mix after heating for 5 min. Remove the tube after
heating in the water bath for a total of 35 min, and immediately cool in an ice-water bath.
Remove from the ice bath, add 10.0 mL of dilute sulfuric acid (1 in 3) to obtain a
homogeneous solution, and allow to reach room temperature.
Blank solution: Using a suitable syringe, add 1.0 mL of iron-phenol TS to a glassstoppered, 16- × 150-mm test tubes, and evaporate with the aid of gentle heat and a
current of air to dryness. Suspend the tube in a vigorously boiling water bath, and mix
after heating for 5 min. Remove the tube after heating in the water bath for a total of 35
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min, and immediately cool in an ice-water bath. Remove from the ice bath, add 10.0 mL of
dilute sulfuric acid (1 in 3) to obtain a homogeneous solution, and allow to reach room
temperature.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 520 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and Blank solution
Calculate the percentage of estradiol (C18 H24 O2 ) in the portion of the Injectable
Suspension taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Estradiol RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 2.5 × 102 USP Endotoxin Units/mg of estradiol

• Other Requirements: It meets the requirements in Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or in multiple-dose containers, preferably
of Type I glass.
• USP Reference Standards
USP Endotoxin RS
USP Estradiol RS

11

USP36

BRIEFING
Levocarnitine Tablets, USP 34 page 3293. On the basis of the comments received it is
proposed to delete the chromatographic procedure provided for the column equilibration in
the Assay section and thus eliminate uncertainty regarding the Mobile phase and
chromatographic conditions used for the Assay.
(DS: N. Davydova.)
Correspondence Number—C109089

Comment deadline: January 31, 2012
Levocarnitine Tablets
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DEFINITION
Levocarnitine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
levocarnitine (C7 H15 NO3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Color Reaction
Analysis: Dissolve 1 Tablet in 5 mL of water, filter, and add 5 mL of 1 N hydrochloric acid.
Place 2 mL of the filtrate in a test tube, and add a few drops of ammonium reineckate TS.
Acceptance criteria: A red-violet precipitate is produced.
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M phosphate buffer, pH 4.5, prepared by dissolving 6.805 g of monobasic
potassium phosphate in 1 L of water
Solution A:
Mobile phase: USP36
Acetonitrile and Buffer (65:35). Adjust with phosphoric acid to a pH of 4.7, and mix.
Mobile phase: See Table 1.
Table 1
Time Acetonitrile Solution A Water
(min)
(%)
(%)
(%)
0
100
0
0
50
100
0
0
70
65
0
35
170
65
0
35
190
0
100
0
370
0
100
0
USP36

System suitability solution: 1.5 mg/mL of USP Levocarnitine RS and 7 µg/mL of USP
Levocarnitine Related Compound A RS in water
Standard solution: 3 mg/mL of USP Levocarnitine RS in water
Sample solution: Transfer 10 Tablets, accurately weighed, to a 500-mL volumetric flask,
and add water to volume. Shake until the Tablets have disintegrated completely, and pass
through a filter of 0.45-µm pore size. Dilute a portion of the filtrate quantitatively with
water to a nominal concentration of about 3 mg/mL of levocarnitine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 10-µm packing L8
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between levocarnitine related compound A (crotonoylbetaine) and
levocarnitine, System suitability solution
Relative standard deviation: NMT 2.0% for levocarnitine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levocarnitine (C7 H15 NO3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of levocarnitine from the Sample solution
rS= peak area of levocarnitine from the Standard solution
C=
S concentration of USP Levocarnitine RS in the Standard solution (mg/mL)
C=
U nominal concentration of levocarnitine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard solution: Known concentration of USP Levocarnitine RS in Medium
Sample solution: Filtered portion of the solution under test, suitably diluted with Medium if
necessary
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the Assay, making any necessary modifications.
Determine the percentage of the labeled amount of levocarnitine (C7 H15 NO3 ) dissolved:
Result = (rU/rS) × (CS × D × V/L) × 100
rU= peak area of levocarnitine in the Sample solution
rS= peak area of levocarnitine in the Standard solution
C=
S concentration of USP Levocarnitine RS in the Standard solution (mg/mL)
D= dilution factor for the Sample solution
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of levocarnitine (C7 H15 NO3 ) is dissolved.
• Uniformity of Dosage Units
ADDITIONAL REQUIREMENTS

905 : Meet the requirements for Weight Variation
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• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Levocarnitine RS
USP Levocarnitine Related Compound A RS
2-Propen-1-aminium, 3-carboxy-N,N,N-trimethyl-, chloride.
C7 H14 ClNO2
179.65
BRIEFING
Levofloxacin Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph based on validated methods of analyses is being proposed. The HPLC procedures
in the test for Assay and Organic Impurities are based on analyses performed with Inertsil
ODS brand of L1 column or Prodigy ODS brand of L1 column. The typical retention times for
levofloxacin peak in the Assay and Organic Impurities is 16–20 min.
(SM1: L. Santos, B. Davani.)
Correspondence Number—C95016

Comment deadline: January 31, 2012
Add the following:
Levofloxacin Tablets
DEFINITION
Levofloxacin Tablets contains NLT 90.0% and NMT 110.0% of the labeled amount of
levofloxacin (C18 H20 FN3 O4 ).
IDENTIFICATION
• A. The retention time of major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Acetonitrile and water (20:80)
Mobile phase: Transfer 874 mg of cupric sulfate, 918 mg of l-isoleucine, and 5.94 g of
ammonium acetate to a suitable container. Add 700 mL of water, and mix until dissolved.
Add 300 mL of methanol.
Standard stock solution: 2 mg/mL of USP Levofloxacin RS in Diluent
Standard solution: 0.2 mg/mL of USP Levofloxacin RS in Mobile phase from Standard stock
solution
Sample stock solution: Nominally 5 mg/mL of levofloxacin prepared as follows. Transfer
intact Tablets (NLT 5) to a volumetric flask, add 75% of the final volume of Diluent, and
allow to stand for 15 min. Shake for 30 min, and dilute with Diluent to volume. Pass a
portion the solution through a suitable filter of 0.45-µm pore size discarding the first 1–2
mL of the filtrate.
Sample solution: Nominally 0.2 mg/mL of levofloxacin in Mobile phase from Sample stock
solution
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 360 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 0.8 mL/min
Injection size: 25 µL
Run time: Two times the retention time of levofloxacin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levofloxacin from the Sample solution
rS= peak response of levofloxacin from the Standard solution
C=
S concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of levofloxacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard solution: 0.56 mg/mL of USP Levofloxacin RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 294 nm
Cell length: 0.1 mm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levofloxacin (C18 H20 FN3 O4 ) dissolved:
Result = (AU/AS) × (CS/L) × V × 100
AU= absorbance of the Sample solution
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AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Diluent, Mobile phase, Standard stock solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.2 mg/mL of USP Levofloxacin RS from Standard stock solution and 1
µg/mL of USP Levofloxacin Related Compound A RS in Mobile phase
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8 for the levofloxacin peak, Standard solution
Relative standard deviation: NMT 2.0% for the levofloxacin peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levofloxacin related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levofloxacin related compound A from the Sample solution
rS= peak response of levofloxacin related compound A from the Standard solution
C=
S concentration of USP Levofloxacin Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of levofloxacin in the Sample solution (mg/mL)
Calculate the percentage of the other impurities in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any impurity from the Sample solution
rS= peak responses of levofloxacin from the Standard solution
C=
S concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of levofloxacin in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Decarboxy levofloxacina

Table 1
Relative
Retention
Time
0.38

Relative
Response
Factor
0.60

Acceptance
Criteria,
NMT (%)
0.3
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Levofloxacin related compound Ab
—
0.47
0.7
c
Diamine derivative
0.52
0.83
0.3
d
Levofloxacin N-oxide
0.63
0.68
0.7
9-Desfluoro levofloxacine
—
0.73
—h
Levofloxacin
1.00
—
—
f
Dextrofloxacin
—
1.23
—h
Levofloxacin 9-piperazino isomerg
—
1.69
—h
Any unspecified impurity
—
1.0
0.2
Total impurities
—
—
1
a (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7Hpyrido[1,2,3-de][1,4]benzoxazine.
b (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carbocylic acid.
c (S)-9-Fluoro-2,3-dihydro-3-methyl-10-[2-(methylamino)ethylamino]-7-oxo-7Hpyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.
d (S)-4-(6-Carboxy-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido-[1,2,3-de]
[1,4]benzoxazine-10-yl)-1-methylpiperazine 1-oxide.
e (S)-2,3-Dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.
f (R)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7Hpyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.
g (S)-10-fluoro-3-methyl-9-(4-methylpiperazin-1-yl)-7-oxo-3,7-dihydro-7Hpyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.
h Process impurity, for information only.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Levofloxacin RS
USP Levofloxacin Related Compound A RS
(S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carbocylic acid.
C17 H18 FN3 O4
347.34
USP36

BRIEFING
Lopinavir, page 4983 of the First Supplement to USP 34. As part of the USP modernization
effort, it is proposed to replace the Identification test Infrared Absorption

197S

with

Infrared Absorption 197A to eliminate the use of the toxic deuterated chloroform
solvent. In addition, clarification was made to exclude from Organic Impurities, Procedure 2
any overlapping early eluting impurities found in Organic Impurities, Procedure 1. Minor
editorial changes were made to be consistent with USP monograph redesign.
(SM1: B. Davani.)
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Correspondence Number—C94501; C101626

Comment deadline: January 31, 2012
Add the following:
Lopinavir

C37 H48 N4 O5

628.80

[1S-[1R*(R*),3R*,4R*]]-N-[4[[(2,6-Dimethylphenoxy)acetyl]amino]-3-hydroxy-5-phenyl-1(phenylmethyl)pentyl]-tetrahydro- -(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetamide;
( S)-Tetrahydro-N-[( S)- -[(2S,3S)-2-hydroxy-4-phenyl-3-[2-(2,6xylyloxy)acetamido]butyl]phenethyl]- -isopropyl-2-oxo-1(2H)-pyrimidineacetamide
[192725-17-0].
DEFINITION
Lopinavir contains NLT 98.0% and NMT 102.0% of lopinavir (C37 H48 N4 O5 ), calculated on the
anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197S
197A USP36
Sample solution: Dissolve 50 mg in 1.0 mL of deuterated chloroform.
USP36

• B. The retention time of the lopinavir peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 2.7 g/L of monobasic potassium phosphate and 0.9 g/L of dibasic potassium
phosphate in water. Adjust with phosphoric acid to a pH of 6.0. Pass the solution through
a suitable filter of 0.45-µm pore size.
Diluent: Acetonitrile and water (1:1)
Solution A: Acetonitrile and Buffer (9:11)
Mobile phase: Solution A
Standard solution: 0.025 mg/mL of USP Lopinavir RS in Diluent
Sample solution: 0.025 mg/mL of Lopinavir in Diluent
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 60 min
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 8000 theoretical plates
Capacity factor: NLT 15
Tailing factor: 0.8–1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lopinavir (C37 H48 N4 O5 ) in the portion of Lopinavir taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lopinavir RS in the Standard solution (mg/mL)
C=
U concentration of Lopinavir in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Organic Impurities: Procedure 1
[Note—For early-eluting impurities.]
Buffer, Diluent, and Solution A: Prepare as directed in the Assay.
Solution B: Acetonitrile and Buffer (3:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
60
100
0
61
0
100
81
0
100
82
100
0
100
100
0
System suitability solution: 0.5 mg/mL of USP Lopinavir System Suitability Mixture RS in
Diluent

PF 37(6): Nov.-Dec. 2011

338

Standard solution: 0.005 mg/mL of USP Lopinavir RS in Diluent
Sample solution: 0.5 mg/mL of Lopinavir in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 100 min
[Note—Data collection is only for the first 60 min. The remaining gradient steps wash out
the late eluting impurities and re-equilibrate the column.]
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are listed in Table 2.]
Suitability requirements
Resolution: NLT 1.2 between lopinavir N-formylphenoxyacetamide and lopinavir Nacetylphenoxyacetamide, System suitability solution
Capacity factor: NLT 15, Standard solution
Column efficiency: NLT 8000, Standard solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Diluent, System suitability solution, Standard solution, and Sample solution
Calculate the percentage of each lopinavir related impurity and unidentified impurity in the
portion of Lopinavir taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of lopinavir from the Standard solution
C=
S concentration of USP Lopinavir RS in the Standard solution (mg/mL)
C=
U concentration of Lopinavir in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Name
Lopinavir free amineb
Lopinavir N-formylaminoalcoholc
Lopinavir divalinated
Sulfolopinavire
Lopinavir phenoxyacetamidef
Lopinavir N-formylphenoxyacetamideg

Table 2
Relative
Retention
Timea

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.03

0.61

0.1

0.07
0.10
0.13

0.80
0.65
0.76

0.2
0.1
0.1

0.25
0.59

0.96
1.3

0.1
0.1
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Lopinavir N-acetylphenoxyacetamideh
Lopinavir oxazinei
Lopinavir
Isolopinavirj
Lopinavir 2,4-phenoxy isomerk
Lopinavir d-leucine diastereomerl
Z-Diacylethenediaminem
Lopinavir (2R,4R) diastereomern
Lopinavir (4R) epimero
Any other individual impurity

339

0.62
0.90
1.00
1.10

1.2
1.1
—
0.99

0.1
0.1
—
0.2

1.13
1.25
1.28

0.97
1.1
1.4

0.1
0.1
0.1

1.32
1.38
—

1.0
0.97
1.0

0.1
0.1
0.1

a (See Chromatography 621 , Definitions and Interpretation of Chromatograms.)
b (S)-N-[(2S,4S,5S)-5-Amino-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide.
c (S)-N-[(2S,4S,5S)-5-Formamido-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide.
d (2S,2¢S)-N,N¢-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis{3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide}.
e (2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-{(S)-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamido}-1,6-diphenylhexan-3-yl hydrogen sulfate.
f N-[(2S,3S,5S)-5-Amino-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6dimethylphenoxy)acetamide.
g 2-(2,6-Dimethylphenoxy)-N-[(2S,3S,5S)-5-formamido-3-hydroxy-1,6-diphenylhexan-2yl]acetamide.
h N-[(2S,3S,5S)-5-Acetamido-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6dimethylphenoxy)acetamide.
i N-{(S)-1-[(4S,6S)-4-Benzyl-2-oxo-1,3-oxazinan-6-yl]-2-phenylethyl}-2-(2,6dimethylphenoxy)acetamide.
j (S)-N-{(2S,3S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-3-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
k (S)-N-{(2S,4S,5S)-5-[2-(2,4-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
l (R)-N-{(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
m (Z)-N,N¢-(Ethene-1,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide].
n (S)-N-{(2R,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
o (S)-N-{(2S,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
Change to read:
• Organic Impurities: Procedure 2
[Note—For late-eluting impurities.]
Buffer, Diluent, and Solution A: Prepare as directed in the Assay.
Solution B: Acetonitrile and Buffer (3:1)
Mobile phase: Solution A and Solution B (3:7)
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System suitability solution: 0.5 mg/mL of USP Lopinavir System Suitability Mixture RS in
Diluent
Standard solution: 0.005 mg/mL of USP Lopinavir RS in Diluent
Sample solution: 0.5 mg/mL in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 50 min
System suitability
Sample: Standard solution
[Note—The relative retention times are listed in Table 3.]
Suitability requirements
Capacity factor: NLT 1.5
Column efficiency: NLT 3000
Tailing factor: 0.8–1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Diluent, System suitability solution, Standard solution, and Sample solution
Calculate the percentage of each lopinavir related impurity and unidentified impurity in the
portion of Lopinavir taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of lopinavir from the Standard solution
C=
S concentration of USP Lopinavir RS in the Standard solution (mg/mL)
C=
U concentration of Lopinavir in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Table 3

Name
Lopinavir
Lopinavir O-acylb
Lopinavir (2R) epimerc
Lopinavir diamided
Lopinavir N-acyle
Lopinavir O-phenoxyactylf
Lopinavir aminoalcohol ureag
Any other individual impurity

Relative
Retention
Timea

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

1.00
1.49

—
0.77

—
0.1

1.91
4.39
6.01

1.1
1.4
1.3

0.1
0.1
0.1

7.14
8.46
—

1.1
1.3
1.0

0.1
0.1
0.1
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Total impurities from Procedure 1 and
Procedure 2

0.7
—

1.0

h

USP36

a (See Chromatography 621 , Definitions and Interpretation of Chromatograms.)
b (S)-{(2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-[(S)-3-methyl-2-(2oxotetrahydropyrimidin-1(2H)-yl)butanamido]-1,6-diphenylhexan-3-yl} 3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanoate.
c (S)-N-{(2R,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
d N,N¢-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis[2-(2,6dimethylphenoxy)acetamide].
e (S)-N-{(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-2-{3-[2-(2,6-dimethylphenoxy)acetyl]-2-oxotetrahydropyrimidin1(2H)-yl}-3-methylbutanamide.
f (2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-{(S)-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamido}-1,6-diphenylhexan-3-yl 2-(2,6dimethylphenoxy)acetate.
g N,N¢-(2S,2¢S,3S,3¢S,5S,5¢S)-5,5¢-Carbonylbis(azanediyl)bis(3-hydroxy-1,6diphenylhexane-5,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide].
h Exclude from Organic Impurities, Procedure 2, lopinavir (4R) epimer and any other peak
eluting prior to this peak because these are already monitored in Procedure 1.
USP36

Acceptance criteria: See Table 2 and Table 3.
SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 4.4%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at room temperature.
• USP Reference Standards 11
USP Lopinavir RS
USP Lopinavir System Suitability Mixture RS
Lopinavir System Suitability Mixture contains lopinavir N-formylphenoxyacetamide,
lopinavir N-acetylphenoxyacetamide, and several other minor components.
Lopinavir N-formylphenoxyacetamide is (2-(2,6-dimethylphenoxy)-N-[(2S,3S,5S)-5formamido-3-hydroxy-1,6-diphenylhexan-2-yl]acetamide.
C29 H34 N2 O4
474.59
Lopinavir N-acetylphenoxyacetamide is (N-[(2S,3S,5S)-5-acetamido-3-hydroxy-1,6diphenylhexan-2-yl]-2-(2,6-dimethylphenoxy)acetamide.
C30 H36 N2 O4
488.62
1S (USP34)

BRIEFING
Mirtazapine, USP 34 page 3539. Currently the Organic Impurities test includes a table of
specified impurities with identifications such as A, B, C, etc. There are four mirtazapine
related compound Reference Standards available in the USP Catalog that are being used in
other dosage form monographs. In order to eliminate any possible confusion, the impurities
identified as A, B, C, etc. are replaced with trivial names. The corresponding IUPAC names
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and identifications such as A, B, C, etc. are included in the footnotes in the table. In
addition, the chemical names in USP Mirtazapine Resolution Mixture RS in the USP Reference
Standards section have been revised to be consistent with the chemical names in the table.
(SM4: R. Ravichandran, H. Ramanathan.)
Correspondence Number—C97224

Comment deadline: January 31, 2012
Mirtazapine

C17 H19 N3

265.35

Pyrazino[2,1-a]pyrido[2,3-c][2]benzazepine,1,2,3,4,10,14b-hexahydro-2-methyl-;
1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido[2,3-c][2]-benzazepine
[85650-528].
DEFINITION
Mirtazapine contains NLT 98.0% and NMT 102.0% of mirtazapine (C17 H19 N3 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Acetonitrile and water (1:1)
Buffer: Dissolve 18 g of tetramethylammonium hydroxide pentahydrate in 950 mL of water.
Adjust with phosphoric acid to a pH of 7.4. Dilute with water to 1 L.
Mobile phase: Acetonitrile, methanol, tetrahydrofuran, and Buffer (15: 12.5: 7.5: 65)
Standard solution: 0.3 mg/mL of USP Mirtazapine RS in Diluent
Sample solution: 0.3 mg/mL of Mirtazapine in Diluent
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 290 nm

621 , System Suitability.)

PF 37(6): Nov.-Dec. 2011

343

Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 7000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mirtazapine (C17 H19 N3 ) in the portion of Mirtazapine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
C=
U concentration of Mirtazapine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 µg/g

Change to read:
• Organic Impurities
Diluent, Buffer, and Mobile phase: Prepare as directed in the Assay.
System suitability solution: 1.5 mg/mL of USP Mirtazapine Resolution Mixture RS in
Diluent
Standard solution: 0.0015 mg/mL of USP Mirtazapine RS in Diluent
Sample solution: 1.5 mg/mL of Mirtazapine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: Twice the retention time of mirtazapine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are listed in Table 1.]
Suitability requirements
Resolution: NLT 1.5 between acyclomirtazapine methyl derivative (impurity E) and 10-
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ketomirtazapine (impurity F), System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Mirtazapine taken:
Result = (rU/rS) × (CS/CU) × (1/F ) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of mirtazapine from the Standard solution
C=
S concentration of USP Mirtazapine RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 1)
[Note—Disregard any peak with a result of 0.05% or less, as calculated using the formula
given above.]
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Times

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Aa

0.2
0.8
0.1
Bb
0.3
0.8
0.1
c
C
0.35
1.0
0.1
d
D
0.4
1.0
0.1
Mirtazapine
1.0
—
—
Ee
1.3
1.0
0.1
Ff
1.35
5
0.1
Individual unspecified impurity
—
—
0.10
Total impurities
—
—
0.5
a(14bRS)-2-Methyl-1,2,3,4,10,14b-hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine
2-oxide.
b[2-[(2RS)-4-Methyl-2-phenylpiperazin-1-yl]pyridin-3-yl]methanol.
c(14bRS)-2-Methyl-3,4,10,14b-tetrahydropyrazinol[2,1-a]pyrido[2,3-c][2]benzazepin1(2H)-one.
d(14bRS)-1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine.
e(2RS)-4-Methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine.
f(14bRS)-2-Methyl-1,3,4,14b-tetrahydropyrazino[2,1-a]pyrido[2,3-c]benzazepin-10(2H)one.
Table 1

Impurity Name
Mirtazapine N-oxide a
Acyclomirtazapine alcoholb

Relative
Retention Time
0.2
0.3

Relative Response
Factor

Acceptance
Criteria,
NMT (%)

0.8
0.8

0.1
0.1

PF 37(6): Nov.-Dec. 2011

345

1-Ketomirtazapinec
0.35
1.0
0.1
Desmethylmirtazapined
0.4
1.0
0.1
Mirtazapine
1.0
—
—
Acyclomirtazapine methyl
derivativee
1.3
1.0
0.1
f
10-Ketomirtazapine
1.35
5.0
0.1
Any individual unspecified
—
impurity
1.0
0.10
Total impurities
—
—
0.5
[Note—Disregard any peak representing less than 0.05% of the main peak and any peak
that is due to the Diluent.]
a 1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido[2,3-c][2]benzazepine 2-oxide
(Impurity A).
b (2-(4-Methyl-2-phenylpiperazin-1-yl)pyridin-3-yl)methanol (Impurity B).
c (2-Methyl-3,4,10,14b-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-1(2H)-one
(Impurity C).
d 1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine (Impurity D).
e 4-Methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine (Impurity E).
f 2-Methyl-1,2,3,4-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-10(14bH)-one
(Impurity F).
USP36

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 3.5%

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL, in denatured alcohol
Acceptance criteria: +2 to

2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• Labeling: Label it to indicate whether it is anhydrous or hemihydrate.
Change to read:
• USP Reference Standards 11
USP Mirtazapine RS
USP Mirtazapine Resolution Mixture RS
This resolution mixture contains approximately 0.1% w/w each of the following:
Impurity A: 14bRS-2-methyl-1,2,3,4,10,14b-hexahydropyrazino[2,1-a]pyrido[2,3c]benzazepine 2-oxide.
Impurity B: [2-[(2RS)-4-methyl-2-phenylpiperazin-1-yl]pyridin-3-yl]methanol.
Impurity C: (14bRS)-2-methyl-3,4,10,14b-tetrahydropyrazinol[2,1-a]pyridol[2,3-c]
[2]benzazepin-1(2H)-one.
Impurity D: 0.5% w/w of (14bRS)-1,2,3,4,10,14b-hexahydropyrazino[2,1-a]pyrido[2,3-
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c][2]benzazepine.
Impurity E: 0.2% w/w of (2RS)-4-methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine.
Impurity F: (14bRS)-2-methyl-1,3,4,14b-tetrahydropyrazino[2,1-a]pyrido[2,3c]benzazepin-10(2H)-one.
Impurity A: 1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido[2,3-c]
[2]benzazepine 2-oxide.
Impurity B: (2-(4-Methyl-2-phenylpiperazin-1-yl)pyridin-3-yl)methanol.
Impurity C: (2-Methyl-3,4,10,14btetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin-1(2H)-one.
Impurity D: 1,2,3,4,10,14b-Hexahydropyrazino[2,1-a]pyrido[2,3-c][2]benzazepine.
Impurity E: 4-Methyl-1-(3-methylpyridin-2-yl)-2-phenylpiperazine.
Impurity F: 2-Methyl-1,2,3,4-tetrahydrobenzo[c]pyrazino[1,2-a]pyrido[3,2-f]azepin10(14bH)-one.
USP36
BRIEFING
Mycophenolate Mofetil, USP 34 page 3576. On the basis of comments received, it is proposed
to make the following changes:
1.
A missing “-” is added for the first chemical name of mycophenolate mofetil.
2.
The CAS number of Mycophenolate Mofetil in the USP Dictionary is revised based on the
preferred number assigned by Chemical Abstracts Service. It is revised in the
monograph to reflect the change.
3.
The Assay is revised, based on a validation report, to use the same column as that in
the test for Organic Impurities, to be more efficient operationally.
4.
The Sample solution in the test for Organic Impurities is revised from 1 mg/mL to 2
mg/mL to improve the signal-to-noise ratio.
5.
The column particle size in the test for Organic Impurities is specified for clarification.
6.
Z-Mycophenolate mofetil is added in Table 1 as a specified impurity based on the FDAapproved specification. The footnotes are adjusted accordingly.
7.
The chemical name for mycophenolate mofetil related compound B is corrected in the
footnote of Table 1 and USP Reference Standards

11 .

(SM3: F. Mao.)
Correspondence Number—C104063; C90544

Comment deadline: January 31, 2012
Mycophenolate Mofetil
Change to read:

C23 H31 NO7

433.49

4-Hexenoic acid, 6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4-
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methyl-, 2-(4-morpholinyl)ethyl ester, (E)
- USP36
;
2-Morpholinoethyl (E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-5-phthalanyl)-4-methyl-4hexenoate
[115007-34-6
128794-94-5 USP36
].
DEFINITION
Mycophenolate Mofetil contains NLT 98.0% and NMT 102.0% of mycophenolate mofetil
(C23 H31 NO7 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Triethylamine and water (1:325). Adjust with phosphoric acid to a pH of 5.3.
Mobile phase: Acetonitrile and Buffer (7:13)
Standard solution: 1.0
0.4 USP36
mg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Sample solution: 1
0.4 USP36
mg/mL of Mycophenolate Mofetil in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 15-cm;
25-cm; 5-µm USP36
packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution

347

PF 37(6): Nov.-Dec. 2011

348

Suitability requirements
Column efficiency: NLT 8000
3000 USP36
theoretical plates
Tailing factor: NMT 1.5
2.0 USP36
Relative standard deviation: NMT 2.0%
1.0% USP36
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mycophenolate mofetil (C23 H31 NO7 ) in the portion of
Mycophenolate Mofetil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mycophenolate Mofetil RS in the Standard solution (mg/mL)
C=
U concentration of Mycophenolate Mofetil in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 µg/g
Change to read:
• Organic Impurities
Buffer, Mobile phase, and Sample solution:
Buffer and Mobile phase: USP36
Prepare as directed in the Assay.
Sample solution: 2 mg/mL of Mycophenolate Mofetil in acetonitrile

USP36

System suitability solution: 10 µg/mL each of USP Mycophenolate Mofetil Related
Compound A RS and USP Mycophenolate Mofetil Related Compound B RS in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm;
5-µm USP36
packing L7
Column temperature: 45
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Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between mycophenolate mofetil related compound A and
mycophenolate mofetil related compound B
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Mycophenolate Mofetil
taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria: See Table 1. Disregard any peak less than 0.03%.
Table 1

Name

Relative
Retention
Time
0.33
0.45
0.49
0.60
0.86
1.0
1.1

Acceptance
Criteria,
NMT (%)
0.50
0.10
0.10
0.10
0.10
—
0.10 USP36

Mycophenolic acida
Mycophenolate mofetil related compound Ab
Mycophenolate mofetil related compound Bc
N-Oxide analogd
1-Morpholinoethoxy analoge
Mycophenolate mofetil
Z-Mycophenolate mofetilf
O-Methyl analogf
g USP36
1.2 0.10 Methyl mycophenolateg
h USP36
1.5 0.10 Any single unspecified impurity — 0.10 Total impurities — 0.70
a (E)-6-(1,3-Dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4-methyl-4hexenoic acid.
b 2-Morpholinoethyl (E)-6-(1,3-dihydro-4,6-dihydroxy-7-methyl-3-oxo-5-isobenzofuranyl)-4methyl-4-hexenoate.
c (RS)-7-Hydroxy-5-methoxy-4-methyl-6-[2-(5-methyl-2-oxo-tetrahydrofuran-5-yl)ethyl]-3Hisobenzofuran
yl USP36
-1-one.
d 2-Morpholinoethyl (E)-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5isobenzofuranyl)-4-methyl-4-hexenoate N-oxide.
e 2-Morpholinoethyl (RS)-(E)-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-1-(2morpholinoethoxy)-3-oxo-5-isobenzofuranyl)-4-methyl-4-hexenoate.
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f 2-Morpholinoethyl (Z)-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5isobenzofuranyl)-4-methyl-4-hexenoate.
USP36

f
g USP36
2-Morpholinoethyl (E)-6-(1,3-dihydro-4,6-dimethoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4methyl-4-hexenoate.
g
h USP36
Methyl (E)-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4methyl-4-hexenoate.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample under vacuum at 60 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Change to read:
• USP Reference Standards 11
USP Mycophenolate Mofetil RS
USP Mycophenolate Mofetil Related Compound A RS
2-Morpholinoethyl (E)-6-(1,3-dihydro-4,6-dihydroxy-7-methyl-3-oxo-5isobenzofuranyl)-4-methyl-4-hexenoate.
C23 H31 NO7
419.47
USP Mycophenolate Mofetil Related Compound B RS
(RS)-7-Hydroxy-5-methoxy-4-methyl-6-[2-(5-methyl-2-oxo-tetrahydrofuran-5yl)ethyl]-3H-isobenzofuranyl
USP36

-1-one.
C17 H20 O6

320.34
BRIEFING

Olanzapine Tablets, USP 34 page 3709. On the basis of comments received, the following
revisions are proposed:
1.
Revise the concentration of the Standard solution to correspond to that of the Sample
solution in Identification test A.
2.
Revise the relative response factor for the olanzapine related compound C impurity in
the test for Organic Impurities.
3.
Minor editorial changes to be consistent with USP monograph redesign initiative.
(SM4: H. Ramanathan.)
Correspondence Number—C105140; C103010
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Comment deadline: January 31, 2012
Olanzapine Tablets
DEFINITION
Olanzapine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of olanzapine
(C17 H20 N4 S).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197S
Standard solution: 1
30 USP36
mg/mL of USP Olanzapine RS in chloroform
Sample solution: Dissolve a quantity of powdered Tablets, equivalent to 30 mg of
olanzapine, in 30 mL of chloroform, and filter. Evaporate completely to dryness with the
aid of a current of air. Redissolve the residue in 1 mL of chloroform.
ASSAY
• Procedure
Buffer 1: 6.9 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH of
2.5.
Buffer 2: 12 g/L of sodium dodecyl sulfate in Buffer 1
Mobile phase: Acetonitrile and Buffer 2 (1:1)
System suitability solution: 0.1 mg/mL of USP Olanzapine RS and 0.01 mg/mL of USP
Olanzapine Related Compound A RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Olanzapine RS in Mobile phase
Sample solution: Transfer a known quantity of Tablets, equivalent to NLT 25 mg of
olanzapine, to a suitable volumetric flask. Dilute with Mobile phase to volume, mix, and
sonicate for 10 min. Centrifuge a portion of this solution, and dilute the clear supernatant
with Mobile phase to obtain a solution containing about 0.1 mg/mL of olanzapine. [Note
—Agitation of the flask may be necessary before sonication to prevent Tablets from
adhering to the flask, making disintegration and dissolution difficult. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for olanzapine related compound A and olanzapine are
0.89 and 1.0, respectively.]
Suitability requirements
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Resolution: NLT 2.0 between olanzapine and olanzapine related compound A, System
suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of olanzapine (C17 H20 N4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of olanzapine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: 10 g/L of ammonium acetate in a mixture of methanol and water (2:3).
Adjust with hydrochloric acid to a pH of 4.0.
Standard solution: An amount, in mg, corresponding to the Tablet label claim, of USP
Olanzapine RS in 1000 mL of Medium. Transfer 5.0 mL of this solution to a tube, and add
2.0 mL of Mobile phase.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Transfer 5.0 mL of the filtrate to a tube, and add 2.0 mL of Mobile
phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Calculate the percentage of olanzapine (C17 H20 N4 S) dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of olanzapine (C17 H20 N4 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer 1: 3.3 mL/L of phosphoric acid. Adjust with 50% NaOH to a pH of 2.5.
Buffer 2: 8.7 g/L of sodium dodecyl sulfate in Buffer 1
Buffer 3: 18.6 mg/L of edetate disodium (EDTA) in Buffer 2
Solution A: Acetonitrile and Buffer 2 (12:13)
Solution B: Acetonitrile and Buffer 2 (7:3)
Diluent: Acetonitrile and Buffer 3 (2:3)
System suitability solution: 20 µg/mL of USP Olanzapine RS, and 2 µg/mL each of USP
Olanzapine Related Compound B RS and USP Olanzapine Related Compound C RS in Diluent
Standard solution: 2 µg/mL of USP Olanzapine RS in Diluent
Sensitivity solution: 0.4 µg/mL of USP Olanzapine RS in Diluent from the Standard solution
Sample solution: Transfer a known quantity of Tablets to a suitable volumetric flask, and
dilute with Diluent to volume to obtain a solution containing either 375 or 500 µg/mL of
olanzapine (based on the label claim). Centrifuge a portion of this solution, and use the
supernatant. [Note—Immediate agitation of the flask may be necessary to prevent
Tablets from adhering to the flask, making dissolution and disintegration difficult. [Caution
—Do not sonicate. ] The Sample solution is stable for 12 h at room temperature and 48 h
if refrigerated. ]
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
20
0
100
25
0
100
27
100
0
35
100
0
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
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Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between olanzapine and olanzapine related compound C, System
suitability solution
Tailing factor: NMT 1.5 for the olanzapine peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (µg/mL)
C=
U nominal concentration of olanzapine in the Sample solution (µg/mL)
F= relative response factor for each impurity (see Table 2)
Acceptance criteria: See Table 2.

Name
Olanzapine lactama
Olanzapine related compound Bb
Olanzapine thiolactamc

Table 2
Relative
Retention
Time
0.26
0.30
0.34

Relative
Response
Factor
1.0
2.3
1.0
1.0
0.71 USP36
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.50
0.20
0.50

Olanzapine related compound Cd
0.83
0.50
Olanzapine
1.0
—
Individual unspecified degradation product
—
0.20
Total impurities
—
1.5
a (Z)-4-(4-Methylpiperazin-1-yl)-3-(2-oxopropylidene)-1H-benzo[b][1,4]diazepin-2(3H)one.
b 2-Methyl-10H-thieno-[2,3-b][1,5] benzodiazepin-4[5H]-one.
c (Z)-1-{4-(4-Methylpiperazin-1-yl)-2-thioxo-1H-benzo[b][1,4]diazepin-3(2H)ylidene}propan-2-one.
d 2-Methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-e][1,4]diazepine 4'-Noxide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light resistant containers, and store at controlled
room temperature.
• USP Reference Standards 11
USP Olanzapine RS
USP Olanzapine Related Compound A RS
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5-Methyl-2-((2-nitrophenyl)amino)-3-thiophenecarbonitrile.
C12 H9 N3 O2 S
USP Olanzapine Related Compound B RS
2-Methyl-10H-thieno-[2,3-b][1,5]benzodiazepin-4[5H]-one.
C12 H10 N2 OS
USP Olanzapine Related Compound C RS
(2-Methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-e][1,4]diazepine 4¢-Noxide).
C17 H20 N4 OS
328.43
BRIEFING
Potassium Iodide Oral Solution, USP 34 page 3976. On the basis of comments received, it is
proposed to update the electrode used in the potentiometric Assay titration. The silver–
calomel electrode specified in the Assay procedure is no longer commercially available.
(SM1: L. Santos.)
Correspondence Number—C103125

Comment deadline: January 31, 2012
Potassium Iodide Oral Solution
DEFINITION
Potassium Iodide Oral Solution contains NLT 94.0% and NMT 106.0% of the labeled amount of
potassium iodide (KI). [Note—If Potassium Iodide Oral Solution is not to be used within a short
time, add 0.5 mg of sodium thiosulfate for each g of KI. Products that have data to
demonstrate acceptable stability without the addition of thiosulfate are exempt from this
requirement. Crystals of potassium iodide may form in Potassium Iodide Oral Solution under
normal conditions of storage, especially if refrigerated. ]
IDENTIFICATION
• A. Identification Tests—General, Potassium
requirements

191 and Iodide

191 : Meets the

ASSAY
Change to read:
• Procedure
Sample solution: 50 mg/mL of potassium iodide from Oral Solution in water
Analysis: Transfer 10.0 mL of the Sample solution to a 150-mL beaker, add 40 mL of
water, 25 mL of alcohol, and 1.0 mL of 1 N nitric acid. Titrate with 0.1 N silver nitrate VS,
using silver–calomel electrodes and a salt bridge containing 4% agar in a saturated
potassium nitrate solution
a silver indicator electrode and an appropriate reference electrode. USP36
Perform a blank determination (see Titrimetry
equivalent to 16.60 mg of KI.
Acceptance criteria: 94.0%–106.0%

541 ). Each mL of 0.1 N silver nitrate is
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PERFORMANCE TESTS
• Uniformity of Dosage Units 905
For Oral Solution packaged in single-unit containers: Meets the requirements
• Deliverable Volume 698
For Oral Solution packaged in multiple-unit containers: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
BRIEFING
Potassium Iodide Tablets, USP 34 page 3976. On the basis of comments received, it is
proposed to update the electrode used in the potentiometric Assay titration. The silver–
calomel electrode specified in the Assay procedure is no longer commercially available.
(SM1: L. Santos.)
Correspondence Number—C103126

Comment deadline: January 31, 2012
Potassium Iodide Tablets
DEFINITION
Potassium Iodide Tablets contain NLT 94.0% and NMT 106.0% of the labeled amount of
potassium iodide (KI) for Tablets of 300 mg or more, and NLT 92.5% and NMT 107.5% for
Tablets of less than 300 mg.
IDENTIFICATION
• A. Identification Tests—General, Potassium 191 and Iodide
of powdered Tablets meets the requirements.

191 : A filtered solution

ASSAY
Change to read:
• Procedure
Sample solution: Transfer an equivalent to 1.2 g of potassium iodide, from finely powdered
Tablets (NLT 20), to a 250-mL volumetric flask. Add 100 mL of water, shake for 20 min,
and dilute with water to volume. Filter through paper, discarding the first 20 mL of the
filtrate.
Analysis: Transfer 100.0 mL of the filtrate, 25 mL of alcohol, and 1.0 mL of 1 N nitric acid
to a 200-mL beaker. Titrate with 0.1 N silver nitrate VS, using silver–calomel electrodes
and a salt bridge containing 4% agar in a saturated potassium nitrate solution
a silver indicator electrode and an appropriate reference electrode. USP36
Perform a blank determination (see Titrimetry 541 ). Each mL of 0.1 N silver nitrate is
equivalent to 16.60 mg of KI.
Acceptance criteria: 94.0%–106.0% of the labeled amount of potassium iodide (KI) for
Tablets of 300 mg or more, and 92.5%–107.5% for Tablets of less than 300 mg
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PERFORMANCE TESTS
• Dissolution 711
For uncoated Tablets
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Detector: UV 227 nm
Standard solution: Potassium iodide in Medium
Sample solution: Sample per Dissolution 711 . Dilute with Medium to a concentration
that is similar to the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of potassium iodide (KI) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Potassium Iodide Delayed-Release Tablets, USP 34 page 3976. On the basis of comments
received, it is proposed to update the electrode used in the potentiometric Assay titration.
The silver–calomel electrode specified in the Assay procedure is no longer commercially
available.
(SM1: L. Santos.)
Correspondence Number—C103127

Comment deadline: January 31, 2012
Potassium Iodide Delayed-Release Tablets
DEFINITION
Potassium Iodide Delayed-Release Tablets contain NLT 94.0% and NMT 106.0% of the labeled
amount of potassium iodide (KI) for Tablets of 300 mg or more, and NLT 92.5% and NMT
107.5% for Tablets of less than 300 mg.
IDENTIFICATION
• A. Identification Tests—General, Potassium 191 and Iodide
of powdered Tablets meets the requirements.

191 : A filtered solution

ASSAY
Change to read:
• Procedure
Sample solution: Transfer an equivalent to 1.2 g of potassium iodide, from finely powdered
Tablets (NLT 20), to a 250-mL volumetric flask. Add 100 mL of water, shake for 20 min,
and dilute with water to volume. Filter through paper, discarding the first 20 mL of the
filtrate. Transfer 100.0 mL of the filtrate, 25 mL of alcohol, and 1.0 mL of 1 N nitric acid to
a 200-mL beaker.
Analysis: Transfer 100.0 mL of the filtrate, 25 mL of alcohol, and 1.0 mL of 1 N nitric acid
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to a 200-mL beaker. Titrate with 0.1 N silver nitrate VS, using silver–calomel electrodes
and a salt bridge containing 4% agar in a saturated potassium nitrate solution
a silver indicator electrode and an appropriate reference electrode. USP36
Perform a blank determination (see Titrimetry 541 ). Each mL of 0.1 N silver nitrate is
equivalent to 16.60 mg of KI.
Acceptance criteria: 94.0%–106.0% of the labeled amount of potassium iodide (KI) for
Tablets of 300 mg or more, and 92.5%–107.5% for Tablets of less than 300 mg
PERFORMANCE TESTS
• Disintegration 701
Analysis: Proceed as directed for Delayed-Release (Enteric-Coated) Tablets.
Acceptance criteria: The Tablets do not disintegrate after 1 h of agitation in simulated
gastric fluid TS, but they disintegrate within 90 min in simulated intestinal fluid TS.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Quinapril and Hydrochlorothiazide Tablets. Because there is no existing USP monograph for
this drug product, a new monograph is proposed based on the validated test methods. The
proposed liquid chromatographic procedure in the Assay is validated using a Luna, 5 µm
column containing L1 packing, and the procedure in the test for Organic Impurities is
validated using a Waters Symmetry, 5 µm column containing L1 packing. The typical
retention times for quinapril and hydrochlorothiazide are about 7 and 3 min, respectively,
based on the Assay procedure; and 15 and 7 min, respectively, based on the Organic
Impurities procedure.
(SM2: S. Ramakrishna.)
Correspondence Number—C98126

Comment deadline: January 31, 2012
Add the following:
Quinapril and Hydrochlorothiazide Tablets
DEFINITION
Quinapril and Hydrochlorothiazide Tablets contain NLT 95.0% and NMT 105.0% of the labeled
amounts of quinapril (C25 H30 N2 O5 ) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
IDENTIFICATION
A. The relative retention times of the major peaks from the Sample solution correspond to
those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
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Buffer: Dissolve 1.36 g/L of monobasic potassium phosphate in water, add 2 mL of
triethylamine, and adjust with phosphoric acid to a pH of 3.0. Pass through a suitable
nylon filter of 0.45-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
75
25
8
40
60
12
40
60
13
75
25
18
75
25
Diluent: Acetonitrile and Buffer (50:50)
Quinapril hydrochloride standard stock solution: 0.45 mg/mL of USP Quinapril
Hydrochloride RS in Diluent
Hydrochlorothiazide standard stock solution: 0.5 mg/mL of USP Hydrochlorothiazide RS
in Diluent
Standard solution: Dilute Quinapril hydrochloride standard stock solution and
Hydrochlorothiazide standard stock solution with Diluent to final volume as given in Table
2.
Table 2
Tablet Strength
Quinapril
Quinapril
Hydrochloride
Hydrochlorothiazide
Hydrochloride/
Standard Stock
Standard Stock
Hydrochlorothiazide
Solution
Solution
Final
(mg/mg)
(mL)
(mL)
Volume
10/12.5
5
5
100
20/12.5
10
5
200
20/25
5
5
100
Sample stock solution: Transfer 5 Tablets into a 250-mL volumetric flask, add 50 mL of
Diluent, and sonicate for 15 min. Add about 50 mL of acetonitrile, and sonicate for 15 min
with shaking. Add 50 mL of Diluent, and sonicate for 15 min. Dilute with Diluent to volume.
Sample solution: 0.02 mg/mL of quinapril in Diluent from the Sample stock solution. [Note
—The hydrochlorothiazide concentration may vary depending on the ratio of quinapril
hydrochloride to hydrochlorothiazide in the Tablet. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column oven temperature: 35 .
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution
Suitability requirements
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Column efficiency: NLT 2500 theoretical plates from both quinapril and
hydrochlorothiazide peaks
Tailing factor: NMT 2.0 for both quinapril and hydrochlorothiazide peaks
Relative standard deviation: NMT 2.0% for both quinapril and hydrochlorothiazide
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of quinapril (C25 H30 N2 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of quinapril from the Sample solution
rS= peak response of quinapril from the Standard solution
CS= concentration of USP Quinapril Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of quinapril in the Sample solution (mg/mL)
Mr1
= molecular weight of quinapril, 438.52
Mr2
= molecular weight of quinapril hydrochloride, 474.98
Calculate the percentage of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of hydrochlorothiazide from the Sample solution
rS= peak response of hydrochlorothiazide from the Standard solution
C=
S concentration of USP Hydrochlorothiazide RS in the Standard solution (mg/mL)
C=
U nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer, Mobile phase, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 20 min
Quinapril hydrochloride standard stock solution: 0.45 mg/mL of USP Quinapril
Hydrochloride RS in Diluent
Hydrochlorothiazide standard stock solution: 0.55 mg/mL of USP Hydrochlorothiazide RS
in Diluent
Standard solution: Prepare dilutions of Quinapril hydrochloride standard stock solution and
Hydrochlorothiazide standard stock solution in Medium as directed in Table 3.
Tablet Strength
Quinapril
Hydrochloride/
Hydrochlorothiazide
(mg/mg)

Table 3
Volume of
Quinapril
Hydrochloride
Standard
Stock Solution (mL)

Volume of
Hydrochlorothiazide
Standard Stock
Solution (mL)

Final
Volume
(mL)
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10/12.5
5
5
200
20/12.5
10
5
200
20/25
5
5
100
Sample solution: Pass a portion of the solution under test through a suitable nylon filter of
0.45-µm pore size, discarding the first few mL.
Analysis
Calculate the percentage of quinapril (C25 H30 N2 O5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × (Mr1/Mr2) × 100
rU= peak response of quinapril from the Sample solution
rS= peak response of quinapril from the Standard solution
CS= concentration of USP Quinapril Hydrochloride RS in the Standard solution
L = label claim for quinapril hydrochloride (mg/Tablet)
V = volume of Medium, 900 mL
Mr1
= molecular weight of quinapril, 438.52
Mr2
= molecular weight of quinapril hydrochloride, 474.98
Calculate the percentage of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of hydrochlorothiazide from the Sample solution
rU= peak response of hydrochlorothiazide from the Standard solution
C=
S concentration of USP Hydrochlorothiazide RS in the Standard solution
L= label claim for hydrochlorothiazide (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amounts of each quinapril (C25 H28 N6 O ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer and Diluent: Proceed as directed in the Assay.
Mobile phase: See Table 4.
Table 4
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
90
10
10
60
40
30
30
70
31
90
10
40
90
10
Standard stock solution: 0.45 mg/mL of each USP Quinapril Hydrochloride RS, USP
Quinapril Related Compound A RS, and USP Quinapril Related Compound B RS, and 0.50
mg/mL of each USP Hydrochlorothiazide RS and USP Benzothiadiazine Related Compound A
RS in Diluent
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Standard solution: 0.45 µg/mL of quinapril hydrochloride, quinapril related compound A,
and quinapril related compound B, and 0.5 µg/mL of hydrochlorothiazide and
benzothiadiazine related compound A from Standard stock solution in Diluent
Sample stock solution: Transfer 5 Tablets into a 250-mL volumetric flask, add 50 mL of
diluent, and sonicate for 10 min to disperse the Tablets. Add about 50 mL of acetonitrile,
and sonicate for 15 min with shaking. Add 50 mL of Diluent, and sonicate for 15 min. Dilute
with Diluent to volume. Pass through a suitable nylon filter of 0.45-µm pore size.
Sample solution: For Tablet strengths of 10 mg/12.5 mg and 20 mg/12.5 mg of quinapril
hydrochloride/hydrochlorothiazide, use Sample stock solution as is. For Tablet strength of
20 mg/25 mg of quinapril hydrochloride/hydrochlorothiazide, dilute 5 mL of Sample stock
solution with Diluent to 10 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column oven temperature: 35 .
Sample temperature: 5
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5000 theoretical plates from both quinapril and
hydrochlorothiazide peaks
Tailing factor: NMT 2.0 for both quinapril and hydrochlorothiazide peaks
Relative standard deviation: NMT 5.0% for both quinapril and hydrochlorothiazide
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of quinapril related compound A and quinapril related
compound B in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of quinapril related compound A or quinapril related compound B from
the Sample solution
rS= peak response of USP Quinapril Related Compound A RS or USP Quinapril Related
Compound B RS from the Standard solution
C=
S concentration of USP Quinapril Related Compound A and USP Quinapril Related
Compound B RS in the Standard solution (mg/mL)
C=
U nominal concentration of quinapril in the Sample solution (mg/mL)
Calculate the percentage of benzothiadiazine related compound A in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzothiadiazine related compound A from the Sample solution
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rS= peak response of benzothiadiazine related compound A from the Standard solution
C=
S concentration of USP Benzothiadiazine Related Compound A RS in the Standard
solution (mg/mL)
C=
U nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Tablets taken:
Result = (ru/rs ) × (Cs /Cu) × (Mr1 /Mr2 ) × 100
rU= peak response of each other impurity from the Sample solution
rS= peak response of Quinapril from the Standard solution
CS= concentration of USP Quinapril Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of quinapril in the Sample solution (mg/mL)
Mr1
= molecular weight of quinapril, 438.52
Mr2
= molecular weight of quinapril hydrochloride, 474.98
Acceptance criteria: See Table 5.
Table 5

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Benzothiadiazine related compound Aa
0.42
0.5
b
—
Chlorothiazide
0.45
b
—
Hydrochlorothiazide
0.49
—
5-Chlorohydrochlorothiazideb
0.65
Quinapril related compound Bc
0.74
0.5
b
—
Hydrochlorothiazide dimer
0.78
—
Quinapril methyl esterb
0.91
—
Quinaprilb
1.00
b
—
Quinapril isopropyl ester
1.10
b
—
Hexahydroquinapril
1.23
Quinapril related compound Ad
1.59
1.0
b
—
Quinapril, benzyl ester
1.94
Any other individual unspecified impurity
—
0.10
e
—
Total impurities
2.5
a 4-Amino-6-chloro-1,3-benzenedisulfonamide.
b Process related impurity, monitored in the drug substance.
c 3-Isoquinolinecarboxylic acid, 2-[2-[(1-carboxy-3-phenylpropyl)amino]-1-oxopropyl]1,2,3,4-tetrahydro-, [3S-[2[R*(R*)],3R*]]].
d Ethyl[3S-[2(R*),3a,11a beta]]-1,3,4,6,11,11a-hexahydro-3-methyl-1,4-dioxo-alpha-(2phenylethyl)-2H-pyrazino[1,2-b]isoquinoline-2-acetate.
e Sum of all specified and unspecified degradation products.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers, and protect from light. Store at
controlled room temperature.
• USP Reference Standards 11
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Hydrochlorothiazide RS
USP Quinapril Hydrochloride RS
USP Quinapril Related Compound A RS
Ethyl[3S-[2(R*),3a,11a beta]]-1,3,4,6,11,11a-hexahydro-3-methyl-1,4-dioxo-alpha(2-phenylethyl)-2H-pyrazino[1,2-b]isoquinoline-2-acetate.
C25 H28 N2 O4
420.50
USP Quinapril Related Compound B RS
3-Isoquinolinecarboxylic acid, 2-[2-[(1-carboxy-3-phenylpropyl)amino]-1-oxopropyl]1,2,3,4-tetrahydro-,[3S-[2[R*(R*)],3R*]]-.
C23 H26 N2 O5
410.46
USP36

BRIEFING
Raloxifene Hydrochloride, USP 34 page 4113. It is proposed to revise the preparation of the
System suitability solution in the Assay and in the test for Organic Impurities by introducing
a new reference standard, USP Raloxifene Related Compound C RS (raloxifene N-oxide). This
will reduce the time needed to prepare the System suitability solution by eliminating the
steps to form the N-oxide in situ. In addition, the name of the specified impurity in Table 2 is
changed to raloxifene 3,7-diketone to be more descriptive.
(SM4: L. Santos, M. Waddell.)
Correspondence Number—C59029

Comment deadline: January 31, 2012
Raloxifene Hydrochloride

C28 H27 NO4 S·HCl

510.04

Methanone, [6-hydroxy-2-(4-hydroxyphenyl)benzo[b]thien-3-yl][4-[2-(1piperidinyl)ethoxy]phenyl]-, hydrochloride;
6-Hydroxy-2-(p-hydroxyphenyl)benzo[b]thien-3-yl-p-(2-piperidinoethoxy)phenyl ketone,
hydrochloride
[82640-04-8].
DEFINITION
Raloxifene Hydrochloride contains NLT 97.5% and NMT 102.0% of raloxifene hydrochloride
(C28 H27 NO4 S·HCl), calculated on the dried basis.
IDENTIFICATION
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• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride
being dissolved in methanol.

191 : It meets the requirements, the sample

ASSAY
Change to read:
• Procedure
Buffer: Dissolve 7.2 g of monobasic potassium phosphate in 1000 mL of water. Add 1.5 mL
of phosphoric acid, and further adjust with phosphoric acid or potassium hydroxide
solution to a pH of 2.5 ± 0.1.
Mobile phase: Acetonitrile and Buffer (33:67)
System suitability stock
USP36

solution: Prepare as directed in the test for Organic Impurities.
Standard solution: 0.05 mg/mL of USP Raloxifene Hydrochloride RS in Mobile phase
Sample solution: 0.05 mg/mL of Raloxifene Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3.5-µm base-deactivated packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability stock
USP36

solution
Suitability requirements
Resolution: NLT 2.0 between raloxifene and raloxifene N-oxide
raloxifene related compound C USP36
Tailing factor: NMT 2.0 for raloxifene
Relative standard deviation: NMT 0.7% for raloxifene
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of raloxifene hydrochloride (C28 H27 NO4 S·HCl) in the portion of
Raloxifene Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Raloxifene Hydrochloride RS in the Standard solution (mg/mL)
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C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 µg/g
Change to read:
• Organic Impurities
Solution A: Dissolve 9.0 g of monobasic potassium phosphate in 1000 mL of water. Add 0.6
mL of phosphoric acid, and further adjust with phosphoric acid or potassium hydroxide
solution to a pH of 3.0 ± 0.1.
Solution B: Acetonitrile
Mobile phase: See Table 1. [Note—Adjust the start time of the gradient step on the basis
of the instrument's dwell volume. ]
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.00
75
25
9.00
75
25
40.25
50
50
42.25
75
25
49.00
75
25
Diluent: Solution A and acetonitrile (70:30)
System suitability stock solution: Transfer 6 mg of USP Raloxifene Hydrochloride RS to a
50-mL volumetric flask, and add 15.0 mL of acetonitrile, 3.0 mL of water, and 5.0 mL of
30% hydrogen peroxide (unstabilized). Mix, and dissolve the raloxifene hydrochloride.
Shake the solution for approximately 30 min, followed by approximately 30 min of
sonication. Let it stand at 30 for at least 6 h. Dilute with Solution A to 50.0 mL.
[Note—Raloxifene hydrochloride is partly converted to raloxifene N-oxide under these
conditions. The reaction time can be varied as necessary to achieve an appropriate level
of raloxifene N-oxide.]
System suitability solution: Transfer 15 mg of USP Raloxifene Hydrochloride RS to a 50mL volumetric flask, add 5.0 mL of System suitability stock solution, and dilute with
Diluent to volume.
Diluent A: Solution A and acetonitrile (70:30)
Diluent B: Tetrahydrofuran and methanol (70:30)
Raloxifene related compound C solution: 0.15 mg/mL of USP Raloxifene Related
Compound C RS in Diluent B
System suitability solution: Transfer 15 mg of USP Raloxifene Hydrochloride RS to a
50-mL volumetric flask, add 1.0 mL of Raloxifene related compound C solution, and
dilute with Diluent A to volume. USP36
Standard solution: 0.003 mg/mL of USP Raloxifene Hydrochloride RS in Diluent
Diluent A USP36
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Sample solution: 3 mg/mL of Raloxifene Hydrochloride in Diluent
Diluent A USP36
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm base-deactivated packing L7
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.0 between raloxifene and raloxifene N-oxide
raloxifene related compound C USP36
Tailing factor: NMT 2.0 for raloxifene
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms for NLT two times the retention time of the raloxifene peak,
and measure all of the peak responses.
Calculate the percentage of each impurity in the portion of Raloxifene Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity in the Sample solution
rS= peak response of raloxifene in the Standard solution
C=
S concentration of USP Raloxifene Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting level for impurities is 0.05%.
Table 2
Name

Raloxifene impurity I
Raloxifene 3,7-diketone
a

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

USP36

0.74
1.00
—
—

0.20
—
0.10
0.5

Raloxifene
Any unspecified individual impurity
Total impurities
a Methanone, [6-hydroxy-2-(4-hydroxyphenyl)benzo[b]thien-3,7-diyl]bis[4-[2-(1piperidinyl)ethoxy]phenyl].
SPECIFIC TESTS
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• Loss on Drying 731
Analysis: Dry a sample at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
Change to read:
• USP Reference Standards 11
USP Raloxifene Hydrochloride RS
USP Raloxifene Related Compound C RS
1-(2-{4-[6-Hydroxy-2-(4-hydroxyphenyl)benzothiophene-3carbonyl]phenoxy}ethyl)piperidine 1-oxide.
C28 H27 NO5 S
489.58 USP36
BRIEFING
Raloxifene Hydrochloride Tablets, USP 34 page 4114 and page 5023 of the First Supplement.
It is proposed to revise the preparation of the System suitability solution in the Assay and in
the test for Organic Impurities by introducing a new reference standard, USP Raloxifene
Related Compound C RS (raloxifene N-oxide). This will reduce the time needed to prepare the
System suitability solution by eliminating the steps to form the N-oxide in situ. In addition,
the chemical name of raloxifene related compound C (raloxifene N-oxide) has been changed
in Table 2 to be consistent with current naming conventions.
(SM4: L. Santos, M. Waddell.)
Correspondence Number—C96122

Comment deadline: January 31, 2012
Raloxifene Hydrochloride Tablets
DEFINITION
Raloxifene Hydrochloride Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of
raloxifene hydrochloride (C28 H27 NO4 S·HCl).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer a quantity of powdered Tablets, equivalent to 120 mg of raloxifene
hydrochloride, to a suitable container. Add 20 mL of water, and shake to form a uniform
slurry. Centrifuge, and discard the supernatant. Add 5 mL of isopropyl alcohol, shake to
form a slurry, filter, and rinse the residue with isopropyl alcohol. Dry the residue at 105
for 30 min.
Analysis: Prepare a potassium bromide dispersion with the Sample. Similarly prepare the
Standard, starting with a slurry containing 12 mg/mL of USP Raloxifene Hydrochloride RS in
water.
Acceptance criteria: Meet the requirements
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 7.2 g of monobasic potassium phosphate in 1000 mL of water. Add 1.3 mL
of phosphoric acid, and further adjust with phosphoric acid or potassium hydroxide
solution to a pH of 2.5 ± 0.1.
Mobile phase: Acetonitrile and Buffer (33:67)
Diluent: Acetonitrile and Buffer (60:40)
System suitability stock
USP36

solution: Prepare as directed in the test for Organic Impurities.
Standard solution: 0.06 mg/mL of USP Raloxifene Hydrochloride RS in Diluent
Sample solution: Transfer a sufficient quantity of Tablets to a volumetric flask of suitable
size, add Diluent, and shake to disintegrate the Tablets. Sonicate if necessary. Dilute with
Diluent to obtain a solution having a concentration of 0.06 mg/mL of raloxifene
hydrochloride, based on the label claim. Filter, and use the clear solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3.5-µm base-deactivated packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability stock
USP36

solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between raloxifene and raloxifene N-oxide
raloxifene related compound C, USP36
System suitability stock
USP36

solution
Tailing factor: NMT 2.0 for raloxifene, System suitability stock
USP36

solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of raloxifene hydrochloride
(C28 H27 NO4 S·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Raloxifene Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.1% polysorbate 80; 1000 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile, water, and triethylamine (500:500:2). Adjust with phosphoric
acid to a pH of 4.0.
Triethylamine phosphate suspension: Add 2.0 mL of triethylamine to 500 mL of
acetonitrile, and adjust with phosphoric acid to a pH of 4.0. [Note—Triethylamine
phosphate will precipitate; keep the suspension well mixed. ]
Standard solution: Prepare a solution having a known concentration equivalent to the
expected concentration of the Sample solution by dissolving USP Raloxifene Hydrochloride
RS in
a small volume (NMT 10% of the final volume) of 1S (USP34)
methanol.
Dilute with Medium to volume, and

1S (USP34)

mix the resulting solution with Triethylamine phosphate suspension (1:1).
Sample solution: Pass a portion of the solution under test through an appropriate filter of
0.45-µm pore size. Mix the resulting solution and Triethylamine phosphate suspension
(1:1).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 15-cm; 3.5-µm base-deactivated packing L10. If the analyte peak
splits, use a guard column containing packing L3.
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of raloxifene hydrochloride (C28 H27 NO4 S·HCl) dissolved:
Result = (rU/rS) × (CS/L) × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of raloxifene hydrochloride in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
F= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of raloxifene hydrochloride is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer: Dissolve 9.0 g of monobasic potassium phosphate in 1000 mL of water. Add 0.5 mL
of phosphoric acid, and further adjust with phosphoric acid or potassium hydroxide
solution to a pH of 3.0 ± 0.1.
Solution A: Buffer and acetonitrile (75:25)
Solution B: Buffer and acetonitrile (50:50)
Mobile phase: See Table 1. Adjust the start time of the gradient step on the basis of the
instrument's dwell volume.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.00
100
0
5.00
100
0
36.25
0
100
38.25
100
0
48.00
100
0
Diluent: Acetonitrile and Buffer (60:40)
System suitability stock solution: Transfer 6 mg of USP Raloxifene Hydrochloride RS to a
50-mL volumetric flask, and add 15.0 mL of acetonitrile, 3.0 mL of water, and 5.0 mL of
30% hydrogen peroxide (unstabilized). Mix, and dissolve the raloxifene hydrochloride.
Shake the solution for approximately 30 min, followed by approximately 30 min of
sonication. Let it stand at 30 for at least 6 h. Dilute with Diluent to 50.0 mL.
[Note—Raloxifene hydrochloride is partly converted to raloxifene N-oxide under these
conditions. The reaction time can be varied as necessary to achieve an appropriate level
of raloxifene N-oxide.]
System suitability solution: Transfer 15 mg of USP Raloxifene Hydrochloride RS to a 50mL volumetric flask, and add 5.0 mL of System suitability stock solution and 20 mL of
Diluent. Dilute with Solution A to volume.
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Diluent A: Acetonitrile and Buffer (60:40)
Diluent B: Tetrahydrofuran and methanol (70:30)
Raloxifene related compound C solution: 0.15 mg/mL of USP Raloxifene Related
Compound C RS in Diluent B
System suitability solution: Transfer 15 mg of USP Raloxifene Hydrochloride RS to a
50-mL volumetric flask, add 1.0 mL of Raloxifene related compound C solution, and
dilute with Diluent A to volume. USP36
Standard stock solution: 0.06 mg/mL of USP Raloxifene Hydrochloride RS in Diluent
Diluent A USP36
Standard solution: Mix 5 mL of the Standard stock solution and 45 mL of Diluent
Diluent A, USP36
and dilute with Solution A to 100.0 mL (0.003 mg/mL).
Sample solution: Transfer a sufficient quantity of Tablets to a volumetric flask of a
suitable size to obtain a solution of raloxifene hydrochloride having a concentration of 6
mg/mL, based on the label claim. Add Diluent
Diluent A, USP36
and shake to disintegrate the Tablets. Sonicate, if necessary, and add Diluent
Diluent A USP36
to volume. Transfer 5 mL of this solution to a 10-mL volumetric flask, and dilute with
Solution A to volume to obtain a solution having a concentration of 3 mg/mL of raloxifene
hydrochloride, based on the label claim. Filter, and use the clear solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm base-deactivated packing L7
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.0 between raloxifene and raloxifene N-oxide
raloxifene related compound C USP36
Tailing factor: NMT 2.0 for the raloxifene peak
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms for NLT two times the retention time of the raloxifene peak,
and measure all of the peak responses.
Calculate the percentage of each impurity in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of raloxifene from the Standard solution
C=
S concentration of USP Raloxifene Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
1.00

Name
Raloxifene
Raloxifene raloxifene N-oxide
related compound C USP36

1.17
—
—

a

Acceptance
Criteria,
NMT (%)
—
0.3
0.2
1.0

Any unspecified individual impurity
Total impurities
a Methanone, [6-hydroxy-2-(4-hydroxyphenyl) benzo[b]thien-3-yl][4-[2-(1-oxido-1piperidinyl)ethoxy]phenyl]
1-(2-{4-[6-Hydroxy-2-(4-hydroxyphenyl)benzothiophene-3carbonyl]phenoxy}ethyl)piperidine 1-oxide. USP36
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Raloxifene Hydrochloride RS
USP Raloxifene Related Compound C RS
1-(2-{4-[6-Hydroxy-2-(4-hydroxyphenyl)benzothiophene-3carbonyl]phenoxy}ethyl)piperidine 1-oxide.
C28 H27 NO5 S
489.58 USP36
BRIEFING
Rufinamide. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods of analyses. The liquid chromatographic
procedure in the Assay and in the test for Organic Impurities is based on analyses
performed with a Macherey-Nagel, Nucleosil 100-5 brand of L1 column. The typical retention
time for rufinamide is about 8.5 min.
(SM4: H. Ramanathan.)
Correspondence Number—C89983

Comment deadline: January 31, 2012
Add the following:
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Rufinamide

C10 H8 F 2 N4 O

238.19

1H-1,2,3-Triazole-4-carboxamide, 1-[(2,6-difluorophenyl)methyl]-;
1-(2,6-Difluorobenzyl)-1H-1,2,3-triazole-4-carboxamide
[106308-44-5].
DEFINITION
Rufinamide contains NLT 98.0% and NMT 102.0% of C10 H8 F 2 N4 O, calculated on the as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Use amber glassware for all volumetric solutions.
Diluent: Methanol and tetrahydrofuran (50:50)
Mobile phase: Methanol, tetrahydrofuran, and water (12:5:83)
System suitability stock solution: 0.8 mg/mL of USP Rufinamide RS and 4 µg/mL each of
USP Rufinamide Related Compound A RS and USP Rufinamide Related Compound B RS in
Diluent. [Note—USP Rufinamide Related Compound B RS is used for peak identification
purposes only. ]
System suitability solution: 0.2 mg/mL of USP Rufinamide RS and 0.8 µg/mL each of USP
Rufinamide Related Compound A RS and USP Rufinamide Related Compound B RS in water
from the System suitability stock solution
Standard stock solution: 0.8 mg/mL of USP Rufinamide RS in Diluent
Standard solution: 0.2 mg/mL of USP Rufinamide RS in water from the Standard stock
solution
Sample stock solution: 0.8 mg/mL of Rufinamide in Diluent
Sample solution: 0.2 mg/mL of Rufinamide in water from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 2.6 times the retention time of the rufinamide peak
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System suitability
[Note—For relative retention times refer to Table 1 in Organic Impurities.]
Sample: System suitability solution
Suitability requirements
Tailing factor: NMT 1.2 for rufinamide
Resolution: NLT 2.5 between rufinamide and rufinamide related compound A
Relative standard deviation: NMT 1.0% for rufinamide and NMT 5.0% for rufinamide
related compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rufinamide (C10 H8 F 2 N4 O) in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Rufinamide RS in the Standard solution (mg/mL)
C=
U concentration of Rufinamide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the as-is basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Organic Impurities
Use amber glassware for all volumetric solutions.
Diluent, Mobile phase, System suitability stock solution, System suitability solution,
Standard stock solution, Sample stock solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Standard solution: 0.8 µg/mL of USP Rufinamide RS in water from the Standard stock
solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of any individual impurity in the portion of Rufinamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of rufinamide from the Standard solution
C=
S concentration of USP Rufinamide RS in the Standard solution (mg/mL)
C=
U concentration of Rufinamide in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Rufinamide
1.0
a
Rufinamide related compound A
1.2

Acceptance
Criteria,
NMT (%)
—
0.30
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Rufinamide related compound Bb
1.9
0.10
Any other individual impurity
—
0.05
Total impurities
—
0.50
a 1-(2-Fluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
b Methyl 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-carboxylate.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Rufinamide RS
USP Rufinamide Related Compound A RS
1-(2-Fluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
C10 H9 FN4 O
220.20
USP Rufinamide Related Compound B RS
Methyl 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-carboxylate.
C11 H9 F 2 N3 O2
253.20
USP36

BRIEFING
Rufinamide Tablets. Because there is no existing USP monograph for this drug product, a new
monograph is proposed based on validated methods of analyses. The liquid chromatographic
procedures in the Assay and in the test for Organic Impurities are based on analyses
performed with a Macherey-Nagel, Nucleosil 100-5 brand of L1 column. The typical retention
time for rufinamide is about 8 min in both these tests. The liquid chromatographic procedure
for Dissolution is based on analyses performed with a Macherey-Nagel, Nucleosil 100-10
brand of L1 column. The typical retention time for rufinamide is about 5 min.
(SM4: H. Ramanathan.)
Correspondence Number—C89983

Comment deadline: January 31, 2012
Add the following:
Rufinamide Tablets
DEFINITION
Rufinamide Tablets contain an amount of Rufinamide equivalent to NLT 95.0% and NMT 105.0%
of the labeled amount of rufinamide (C10 H8 F 2 N4 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 2.7 g/L of potassium dihydrogen phosphate in water

PF 37(6): Nov.-Dec. 2011

377

Diluent: Acetonitrile, methanol, and water (40:50:10)
Mobile phase: Methanol, tetrahydrofuran, and Buffer (15:5:80)
System suitability stock solution: 0.8 mg/mL of USP Rufinamide RS, and 0.02 mg/mL
each of USP Rufinamide Related Compound A RS and USP Rufinamide Related Compound B
RS in Diluent. [Note—USP Rufinamide Related Compound B RS is used for identification
purposes only. ]
System suitability solution: 0.08 mg/mL of USP Rufinamide RS, and 2 µg/mL each of USP
Rufinamide Related Compound A RS and USP Rufinamide Related Compound B RS, in Buffer
from the System suitability stock solution
Standard stock solution: 0.8 mg/mL of USP Rufinamide RS in Diluent
Standard solution: 0.08 mg/mL of USP Rufinamide RS in Buffer from the Standard stock
solution
Sample stock solution: Nominally 0.8 mg/mL of rufinamide in Diluent from a portion of NLT
20 finely powdered Tablets. Sonicate for 10 min, and shake for 15 min. Centrifuge a
portion of the suspension.
Sample solution: 0.08 mg/mL of rufinamide in Buffer, from a portion of suspension
obtained from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: 2.3 times the retention time of the rufinamide peak
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times refer to Table 9 in Organic Impurities.]
Suitability requirements
Resolution: NLT 1.5 between rufinamide and rufinamide related compound A, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rufinamide (C10 H8 F 2 N4 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Rufinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of rufinamide in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
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Medium 1: 0.1 N hydrochloric acid
Medium 2: pH 6.8 phosphate buffer
Apparatus 4: With 22.6-mm cell, glass beads in the cone, with Tablet laying on the beads.
Insert 320–350 mg of glass wool in the filter insert and then a glass microfiber filter of
2.7-µm pore size and a glass microfiber filter of 0.7-µm pore size.
Flow rate: 16 mL/min, pulsating
Test intervals, media, and sample solutions for the 200-mg Tablets: See Table 1.
Table 1
Interval
Volume
Samples
(min)
(mL)
1
60
50
2
120
50
1
60
50
3
120
50
Test intervals (Ii ): See Table 2.

Medium
1
2
2
2

Table 2
Time
Interval
(min)
I1
0–60
I2
60–180
I3
180–300
I4
300– 360
I5
360–480
I6
480–600
I7
600–720
Sample solutions (Vi ): See Table 3.
Table 3
V1
eluate of test interval I1; volume = 960 mL
V2 to Veluate
of test interval I2 to I3; volume = 1920 mL, each
3
V4
eluate of test interval I4; volume 960 mL
V5 to Veluate
of test interval I5 to I7; volume = 1920 mL, each
7
Test intervals, media, and sample solutions for the 400-mg Tablets: See Table 4.

Samples
1
1
3
1
2
Test intervals (Ii ): See Table 5.

Table 4
Interval
Volume
(min)
(mL)
60
50
60
50
120
50
120
50
180
50
Table 5

Medium
1
2
2
2
2
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Interval
I1
I2
I3
I4
I5
I6
I7
I8
Sample solutions (Vi ): See Table 6.

Time
(min)
0–60
60–120
120–240
240–360
360–480
480–600
600–780
780–960

Table 6
V1
eluate of test interval I1; volume = 960 mL
V2
eluate of test interval I2; volume = 960 mL
V3 to V6eluate of test interval I3 to I6; volume 1920 mL, each
V7 to Veluate
of test interval I7 to I8; volume = 2880 mL, each
8
Mobile phase: Water, methanol, tetrahydrofuran, and acetic acid (100: 50: 13: 0.12),
with the addition of 206 mg of sodium pentanesulfonate, monohydrate
Standard stock solution: 600 µg/mL of USP Rufinamide RS in methanol
Standard solution 1: 60 µg/mL of rufinamide in Medium 1 from the Standard stock solution
Standard solution 2: 60 µg/mL of rufinamide in Medium 2 from the Standard stock solution
Standard solution 3: 12 µg/mL of rufinamide prepared as follows. Transfer 10 mL of the
Standard stock solution to a 500-mL volumetric flask, add 40 mL of methanol, and dilute
with Medium 2 to volume.
Standard solution 4: 6 µg/mL of rufinamide in Medium 2 from Standard solution 3
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: 1.4 times the retention time of the rufinamide peak
System suitability
Sample: Standard solution 1
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Calculate the percentage of the labeled amount of rufinamide (C10 H8 F 2 N4 O) [f(Si)]
dissolved in the Sample solution (Si) by the following steps:
Calculate the regression line for the Standard solutions:
y = ax + b
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y= peak area of rufinamide from the Standard solution
x= concentration of rufinamide in the Standard solution (µg/mL)
f(Si) = [(y

b)/a] × [( Vi)/(1000 × L)] × 100

y= peak area of rufinamide from the Sample solution
b= y-intercept
a= slope
L= label claim (mg/Tablet)
V=i volume of Sample solution (mL)
Cumulative percentage of the Tablet label claim dissolved:

i, =
j indices of test interval
Tolerances
For Tablets labeled to contain 200 mg: See Table 7.
Table 7
Time
Amount
(h)
Released
5
NLT 60%
12
NLT 80%
For Tablets labeled to contain 400 mg: See Table 8.
Table 8
Time
Amount
(h)
Released
6
NLT 60%
16
NLT 80%
The percentages of the labeled amount of rufinamide dissolved in the times specified
conform to Acceptance Table 2 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer, Diluent, Sample stock solution, Sample solution, Mobile phase, and
Chromatographic system: Proceed as directed in the Assay.
System suitability stock solution: 0.8 mg/mL of USP Rufinamide RS, and 0.02 mg/mL
each of USP Rufinamide Related Compound A RS and USP Rufinamide Related Compound B
RS in Diluent. [Note—USP Rufinamide Related Compound B RS is used for identification
purposes. ]
System suitability solution: 0.08 mg/mL of USP Rufinamide RS, and 2 µg/mL each of USP
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Rufinamide Related Compound A RS and USP Rufinamide Related Compound B RS, in Buffer
from the System suitability stock solution
Standard stock solution: 0.8 mg/mL of USP Rufinamide RS in Diluent
Standard solution: 0.4 µg/mL of USP Rufinamide RS from the Standard stock solution
prepared as follows. Pipet a suitable volume of Standard stock solution to a volumetric
flask. Add Diluent to fill 10% of final volume, and dilute with Buffer to volume.
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times refer to Table 9.]
Suitability requirements
Resolution: NLT 1.5 between rufinamide and rufinamide related compound A, System
suitability solution
Tailing factor: NMT 1.5 for rufinamide, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of any individual unspecified degradation product in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of rufinamide from the Standard solution
C=
S concentration of USP Rufinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of rufinamide in the Sample solution (mg/mL)
Acceptance criteria: See Table 9.
Table 9
Name

Relative
Retention
Time
1.0
1.2
1.8
—
—

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

Rufinamide
Rufinamide related compound Aa
Rufinamide related compound Bb
Any individual unspecified degradation product
Total impurities
a 1-(2-Fluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
b Methyl 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-carboxylate.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Rufinamide RS
USP Rufinamide Related Compound A RS
1-(2-Fluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
C10 H9 FN4 O
220.20
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USP Rufinamide Related Compound B RS
Methyl 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-carboxylate.
C11 H9 F 2 N3 O2
253.20
USP36

BRIEFING
Torsemide Tablets. Because there is no existing monograph for this drug product, a new USP
monograph is proposed, based on validated test methods. The proposed liquid
chromatographic procedure for the Assay is validated using a Waters Symmetry 5-µm column
of L1 packing, and the Organic Impurities procedure is validated using a Waters Symmetry
3.5-µm column of L1 packing. The typical retention time for torsemide is about 5.5 min
based on the Assay procedure and 10 min based on the Organic Impurities procedure.
(SM2: Sujatha Ramakrishna, Margareth Marques.)
Correspondence Number—C92520

Comment deadline: January 31, 2012
Add the following:
Torsemide Tablets
DEFINITION
Torsemide Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of torsemide
(C16 H20 N4 O3 S ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 2.72 g/L of monobasic potassium phosphate. Pass through a suitable membrane
filter of 0.45-µm pore size.
Solution A: Acetonitrile and methanol (10:90)
Mobile phase: Solution A and Buffer (50:50). Adjust with diluted (1 in 10 v/v) phosphoric
acid to a pH of 4.0.
Standard solution: 0.4 mg/mL of USP Torsemide RS prepared as follows. To a quantity of
USP Torsemide RS in a suitable flask add methanol (30% of the volume of the flask), and
sonicate for NLT 8 min. Add Buffer to fill 75% of the volume of the flask, cool, and dilute
with Mobile phase. Pass through a membrane filter of 0.45-µm pore size.
Sample solution: 0.4 mg/mL of torsemide prepared as follows. Place an amount equivalent
to 40 mg from powdered Tablets (NLT 20) in a 100-mL volumetric flask. Initially add
methanol (30% of the volume of the flask), and sonicate for NLT 8 min. Add Buffer to fill
75% of the volume of the flask, cool, and dilute with Mobile phase. Pass through a
membrane filter of 0.45-µm pore size. [Note—The Sample solution is not stable at room
temperature, but is stable for 12 h at 6 . ]
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of torsemide (C16 H20 N4 O3 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Torsemide RS in the Standard solution (mg/mL)
C=
U nominal concentration of torsemide in Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Buffer, Mobile phase, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Standard stock solution: 0.55 mg/mL prepared as follows. Transfer a quantity of USP
Torsemide RS to a suitable volumetric flask. Add methanol (30% of the volume of the
flask), and sonicate until dissolved. Add Buffer to fill 75% of the volume of the flask, cool
to room temperature, and dilute with Mobile phase to volume.
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/900) mg/mL, where L is the Tablet label claim, in mg.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of torsemide (C16 H20 N4 O3 S ) dissolved:
Result = (rU/rS) × (CS/L) × (DS/DU) × V × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Torsemide RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
D=
S dilution factor of the Standard solution
D=
U dilution factor of the Sample solution
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of torsemide (C16 H20 N4 O3 S ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer, Solution A, and Sample solution: Proceed as directed in the Assay.
Mobile phase: Solution A and Buffer (45:55). Adjust with diluted (1 in 10 v/v) phosphoric
acid to a pH of 4.0.
Standard stock solution: 0.4 mg/mL each of USP Torsemide RS and USP Torsemide
Related Compound A RS and 0.08 mg/mL of USP Torsemide Related Compound E RS
prepared as follows. To a suitable amount of USP Torsemide RS, USP Torsemide Related
Compound A RS, and USP Torsemide Related Compound E RS in a suitable flask add
methanol (30% of the volume of the flask), and sonicate for NLT 8 min. Add Buffer to fill
75% of the volume of the flask, cool, and dilute with Mobile phase.
Standard solution: 4 µg/mL each of USP Torsemide RS and USP Torsemide Related
Compound A RS and 0.8 µg/mL of USP Torsemide Related Compound E RS in Mobile phase
from the Standard stock solution
System suitability stock solution: 0.1 mg/mL of USP Torsemide Related Compound A RS
and 0.02 mg/mL of USP Torsemide Related Compound E RS prepared as follows. Dissolve a
suitable quantity each of USP Torsemide Related Compound A RS and USP Torsemide
Related Compound E RS in methanol (about 32% of the volume of the flask), and sonicate
to dissolve. Dilute with Mobile phase to volume.
System suitability solution: 4 µg/mL of USP Torsemide Related Compound A RS and 0.8
µg/mL of USP Torsemide Related Compound E RS in Mobile phase
Sample solution: 0.4 mg/mL of USP Torsemide RS prepared as follows. Weigh 40 mg of
torsemide from powdered Tablets (NLT 20) into a 100-mL volumetric flask. Add methanol
(about 30% of the volume of the flask), mix, and sonicate for NLT 8 min. Add Buffer to fill
75% of the volume of the flask, cool to room temperature, dilute with Mobile phase to
volume, and mix. [Note—The Sample solution is not stable at room temperature, but is
stable for 15 h at 6 . ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Flow rate: 0.8 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
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Resolution: NLT 2.5 between torsemide related compound A and torsemide related
compound E, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of torsemide related compound A or torsemide related compound
E in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of torsemide related compound A or torsemide related compound E from
the Sample solution
rS= peak response of torsemide related compound A or torsemide related compound E from
the Standard solution
C=
S concentration of USP Torsemide Related Compound A RS or USP Torsemide Related
Compound E RS in the Standard solution (mg/mL)
C=
U nominal concentration of torsemide in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of torsemide from the Standard solution
C=
S concentration of USP Torsemide RS in the Standard solution (mg/mL)
C=
U nominal concentration of torsemide in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Name

Torsemide related compound
Torsemide related compound
Torsemide related compound
Torsemide impurity Dd
Torsemide
Torsemide related compound
Any other unknown impurity
Total impurities

Relative
Retention
Time
Aa
Eb
Cc

Be

0.39
0.50
0.62
0.75
1.00
1.96
—
—

Acceptance
Criteria,
NMT (%)
0.50
0.20
—
—
—
—
0.2
0.8
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a 4-[(3-Methylphenyl)amino]-3-pyridinesulfonamide.
b 4-m-Tolyl-2H-pyrido[4,3-e][1,2,4]thiadiazin-3(4H)-one 1,1-dioxide.
c N-[(Ethylamino)carbonyl]-4-[(3-methylphenyl)amino]-3-pyridinesulfonamide.
d Ethyl 4-(m-tolylamino)pyridin-3-ylsulfonylcarbamate.
e N-(n-Butylamino)carbonyl-4-[(3-methylphenyl)amino]-3-pyridinesulfonamide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers and store at controlled room
temperature.
• USP Reference Standards 11
USP Torsemide RS
USP Torsemide Related Compound A RS
4-[(3-Methylphenyl)amino]-3-pyridinesulfonamide.
C12 H13 N3 O2 S
263.32
USP Torsemide Related Compound E RS
4-m-Tolyl-2H-pyrido[4,3-e][1,2,4]thiadiazin-3(4H)-one 1,1-dioxide.
C13 H11 N3 O3 S
289.31
USP36
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Assays Using Test Kits: Applications in a Quality Control Environment
2005–2010 Validation of Research Test Kits Advisory Panel,a Fouad Atoufb
ABSTRACT Commercial test kits and reagents that are developed and labeled for Research Use
Only by the supplier can be used for quality control lot release, stability testing, raw and
ancillary material testing, in-process testing of biological products, and related activities
provided that proper risk assessment and validation are performed. This article explores some of
the qualification and validation aspects raised by the use of these types of test kits and
reagents, but also by the use of regulated test kits that are used for a purpose other than
approved use. This Stimuli article concludes that concerns about the use of test kits and
reagents in a regulated environment can be managed if certain principles are followed and if
critical items are addressed. The article is presented here to elicit comments that can assist
USP in publishing a future chapter that will address qualification and validation considerations
associated with the adaptation of test kits that will be used in a regulated environment. Please
send suggestions to Fouad Atouf, PhD, fa@usp.org.
INTRODUCTION AND SCOPE
Commercial test kits and reagents that are developed and labeled for Research Use Only (RUO)
by the supplier can be used for quality control (QC) lot release, stability testing, raw and
ancillary material testing, in-process testing of biological products, and related activities
provided that proper risk assessment and validation are performed. In vitro diagnostic (IVD)
kits, approved under section 510(k) of the Federal Food, Drug, and Cosmetic Act, sometimes
are used in a QC environment for applications not included in their registration. Risk analysis
strategies will determine the level of qualification and validation needed for the use of such kits
outside the scope of their registration. In this article, reference to “test kits” means RUO and
IVD kits.
Test kits frequently are used in the early stages of development of a licensed product, as well
as during testing of licensed drug products. Issues associated with the use of test kits and
reagents in a regulated environment can be managed if certain principles are followed and if
critical items are addressed. This article explores these concerns and provides
recommendations for the selection, qualification, and validation principles to consider when
using a test kit in a QC environment. USP solicits feedback and comments from the public so
that a chapter on the topic can be developed. The intent of the future chapter is to discuss
systematic approaches for the validation of kits used for QC release.
The Table lists examples of test kits and reagents that, with proper risk assessment and
validation, can be used in a regulated environment. These include but are not limited to kits
used for assaying nucleic acids, proteins, polysaccharides, and microorganisms. Binding
methods include immunoassays, nucleic acid binding, or protein–protein interactions. Most
commercial antibody-based assay kits [e.g., radioimmunoassays (RIA), enzyme-linked
immunosorbent assays (ELISA), and luminescent and fluorescence-based immunoassay kits] are
in this category. Commercial nucleic acid–based test kits (NAT) that contain proprietary primers
or probes (see Nucleic Acid–based Techniques

1125 ,

1126 ,

1127 ,

1129 , and
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1130 ) often are used both in early-stage development as well as in testing of licensed drug
products. Examples of commercial reagents include assay reference materials used to calculate
the quantitative response of a test sample based on signal output and comparison to controls.
Many test kits are based on enzyme reactions used in sample preparation or are required to
calibrate analytical instrumentation or to conduct systems suitability for an analytical
procedure. The intent of using test kits is to measure an analyte in a manufactured medicine
and also other associated materials such as related compounds or impurities. Some applications
are listed in the following Table.
Table. Examples of Test Kits and Reagents
Type of Kit or Reagent
Typical Applications
Immunoassay (RIA, ELISA, etc.)
Residual host cell proteins
Residual Protein A 131 (chapter in preparation)
Residual bovine serum albumin
ELISA kits for process residuals, e.g., insulin
Flow Cytometry 1027
Virology Test Methods 1237
Transgene expression for a gene therapy product
NAT
Residual host cell DNA
Mycoplasma testing
Enzyme Assay
Chromogenic assay for endotoxin determination
Endonuclease digestion (sample preparation)
Dye/Chemical Kit
Protein quantitation assays, e.g., BCA, Bradford
DNA extraction kit
RNA extraction kit
Standardization
Beads for FACSa applications
Protein molecular weight standards for SDS-PAGEb
a FACS = fluorescence-activated cell sorter.
b SDS-PAGE = sodium dodecyl sulfate–polyacrylamide gel electrophoresis.
CONSIDERATIONS AND ISSUES
All manufactured products display lot-to-lot variability in measured attributes. As with a
manufactured medicine, this variability has several components in test kits used for QC
purposes. For example, the analytical procedure in the test kit will necessarily exhibit variation
in results, as well as content of the substance to be measured in the supplied assay reference
materials. Reagents themselves used in execution of the procedure of the test kit may also add
variability. The contribution of these factors to this variability should be considered in the
course of validation of a test kit to a particular use. The validation begins with the selection of
the assay kit or reagent and its supplier. The selection of a specific test kit and vendor will
contribute greatly to consistency within and across assays; see Use of a Test Kit vs. In-House
Assay Development: Risk Assessment and Mitigation Strategies below.
A reagent may exist as a formulation supplied with the test kit. The reagent thus may consist
of several components that can change over time. Subtle changes in reagent formulation, such
as buffer, salt, and/or excipients, can significantly influence the reagents' stability and
performance. Thus, the test kit may not give reproducible results after a series of assays
because of unexpected degradation of reagent components. Changes in reagent components
also may significantly alter assay results if a test kit is used for purposes other than its
intended application (e.g., using a kit to determine the concentration of a target protein in
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tissue culture media when the kit was developed to determine the concentration of the target
protein in human plasma). Changes in the reagent's formulation may be incompatible with the
sample matrix and thus may influence assay results. Typically, limited information is available
regarding stability, purity, or formulation of reagents in commercial kits. Such uncertainty
complicates proper assessment of a kit or reagent. Unless a manufacturer has established a
supply agreement with the vendor obligating the latter to disclose changes made to reagents or
kits, the vendor has no obligation to disclose if changes were made or when.
Supply-chain risks also can contribute to the lot-to-lot variability of reagents in kits and must
be considered before a manufacturer selects a test kit or reagent. Factors such as singlesource reagents or test kits, the components of the test kit, and the manufacturer's stability,
size, and location can affect availability.
Analysts also should remember that some test kits have unique or proprietary reagents that
cannot be easily (or, in some cases, legally) reproduced or procured individually.
USE OF A TEST KIT VS. IN-HOUSE ASSAY DEVELOPMENT: RISK ASSESSMENT AND
MITIGATION STRATEGIES
During the early stages of assay development the two primary options are to purchase test kits
from a vendor or to develop an assay in-house. Manufacturers of therapeutic products (end
users) should perform a risk assessment to evaluate the advantages of developing and
validating an in-house assay relative to validating purchased test kits. Assays that use test
kits require validation of the test kit and are relatively straightforward. If the kit is designated
RUO, then more extensive and comprehensive validation of the entire assay is required. The
basic elements for analytical validation are presented in Validation of Compendial Procedures
1225 and in guidance documents from the International Conference on Harmonization (ICH;
see Q2R1). If the kit application covers an assay or test for which specific compendial guidance
or a referee test exists (e.g., Bacterial Endotoxins Test 85 ), the assay-specific guidance
must be considered in the validation.
The risk assessment should consider the applications and requirements of the specific assay. If
the assay is used for the evaluation of a pharmaceutical product, the product's stage of
development must be considered as well. The closer a product is to submission for licensure,
the greater the impact of a failed assay validation. Critical assays must be validated based on
their use. Development and characterization assays may or may not require validation,
depending on their use at the time of licensure.
The assessment also should evaluate the availability of facilities, equipment, and expertise to
develop an in-house assay or to adopt a kit. The frequency of testing also should be
considered. A test performed daily on a large number of test samples has a different level of
risk compared to an assay performed rarely on a limited number of test samples. Beyond the
frequency of testing, it is also important that an assay is not limiting for QC release. Also
consider the cost/benefit ratio between use of a kit and an in-house assay. In-house assay
development requires more internal resources but offers more control and knowledge of assay
components.
Variability in the manufacture of reagents in the kit may lead to unacceptable lot-to-lot
variability in performance. Test kits usually are assigned expiration dates that also can be
assigned to the individual kit components. The kit performance may degrade over time, and
stability should be accounted for in the expiry date. This stability ideally is determined when
manufacturers assess test kit performance over time and multiple lots. When assessing the
performance of multiple lots of a test kit, users should understand how the vendor defines a
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lot. A lot may merely reflect different dates of manufacture with identical lots of bulk reagents,
or it may reflect manufacture with completely different lots of bulk reagents. Test kits may
contain reagents with unknown composition and/or proprietary components. Mitigating the risk
associated with such test kits depends on the supplier's willingness to discuss the details of the
reagents or, at a minimum, to provide advance notice when components change. Detailed
information about the test kit's reagents may be critical for troubleshooting or validation.
A comprehensive assessment includes evaluating the availability of the kit or reagent. If the
test kit or reagent is based on a single source or if the reagent supply is finite (e.g., a
polyclonal antibody), manufacturers face more risk compared to their use of a test kit or
reagent that is widely available from multiple suppliers. This supply-chain risk is best mitigated
during qualification and validation by evaluating test kits or reagents from several vendors or
contract testing laboratories. An alternative supply source should not be confused with an
alternative distributor that supplies the identical reagent from the same source (e.g., a
monoclonal antibody that is produced by one source but distributed by several vendors). If test
kits from multiple vendors are used in testing, then each test kit must be validated for this use.
If a change to a test kit leads to the use of an alternative test kit, the latter must be
compared to the former and must be shown to give equivalent results. The assay also should
be validated using the alternative test kit to demonstrate performance for the intended use and
to allow use on a routine basis.
New or relatively small vendors may pose additional risks. A test kit vendor may be purchased
by another company or may move its manufacturing facility to another location. The
performance of the test kit may depend on a limited number of key employees who produce a
critical component. The vendor may undergo changes that could affect production, customer
service, and distribution. Any change in the test kit's manufacture may affect the validation of
the assay performed with the kit and may warrant the assay's revalidation.
The physical location of the test kit vendor can affect its ability to consistently supply test
kits. If the supplier is located in a foreign country, changes or delays in international shipping
and customs practices may affect kit availability and stability. If the vendor is located in an
area prone to natural disasters such as earthquakes or hurricanes, this also may affect the
availability of the test kit.
Once a vendor is identified, manufacturers may find it beneficial to establish a supply
agreement. Although a supply agreement can help control the cost of the kit for a specific
period of time, its main benefit is to detail whether production changes are acceptable, how
the customer will be notified of changes, and how much time the end user needs to assess the
influence of changes on test kit performance. Under a supply agreement a manufacturer may
purchase large amounts of a single lot that meets carefully established performance
requirements. Although a customer may prefer to purchase large volumes of a single test kit lot
to decrease potential lot-to-lot variability, this strategy does not address stability risks. A
supply agreement with a test kit manufacturer should clearly define important details such as:
(1) definition of a lot; (2) scope of QC tests performed by the vendor; (3) whether a
Certificate of Analysis (CoA) is created for each kit lot; (4) information included in the CoA; and
(5) user notification mechanisms and impact mitigation in the event of product changes.
If a single supplier is available for a test kit or a critical kit component such as a fluorescent
probe, monoclonal antibody, or chromatography resin, the manufacturer can mitigate risk by
purchasing a sufficient number of test kits for the projected lifetime of the assay (if this is
feasible based on production quantities and confirmed stability of reagents). This strategy must
consider the expiration and the variability of the test kit or reagents. A test kit also may be
licensed from the vendor. The supply agreement might require the sole-source supplier to assist
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in transferring the kit's production process to a qualified vendor of the customer's choosing if
the primary supplier decides to stop production. One additional strategy may be to purchase
the supplier outright.
Many test kits that are labeled RUO come with a box license that gives the purchaser the
freedom to perform the test for RUO applications. However, the purchase of a RUO kit does not
automatically guarantee the manufacturer the freedom to use the kit for clinical or commercial
applications, and obtaining these rights can be complicated and expensive. Depending on their
components, kits developed in-house also may be subject to intellectual property and license
fees. For example, numerous patents have been assigned for the fluorescent dyes used to label
oligonucleotides, as well as the specific configuration of these dyes on the oligonucleotide. To
determine intellectual property implications associated with use of a purchased test kit, the
manufacturer should read the package inserts and any description of patents or limited uses
associated with the kit. Sometimes the vendor posts this information on the product Web site.
The customer can also ask the vendor directly. Legal counsel should be sought to fully assess
all intellectual property implications associated with the use of a chosen kit.
VALIDATION OF ASSAYS THAT INCORPORATE TEST KITS
Validation Approaches—General Considerations
The goal of assay validation is to demonstrate and document that the assay is suitable for its
intended use. To achieve this goal, clearly delineate the assay's performance requirements and
relate them to the intended application of the assay before validation. The quality of results
obtained with test kits is variable and must be evaluated in relation to the assay's performance
requirements. Specific validation strategies depend on the nature of the kit (quantitative vs.
qualitative data), how the kit is employed in the assay, and how the assay results are used,
e.g., product lot release, raw material identification, and other uses.
Test kits can be incorporated into an assay in two basic ways: the test kit can be used
directly (or with some modifications) as the entire assay, or it can be used in a step (or series
of steps) within the context of a more complex assay, e.g., a dye or chemical kit or a
standardization kit such as those listed in the Table. This distinction can be important in guiding
the approach to validation. If a test kit covers the entire assay procedure and is the source of
the reported assay results, validation of the assay should be conducted as described in general
chapter 1225 and in applicable ICH guidance documents. If the scope of the assay is to
determine the relative potency, then validation should be conducted according to Biological
Assay Validation 1033 . During assay validation, give special attention to the ruggedness of
data generated from test kit reagents and standards. If test-specific compendial guidance or a
referee procedure exists, consider this in the validation.
If a test kit is used within the context of a larger assay (i.e., the data generated from the kit
are used to calculate the assay results but are not reported directly), the assay step using the
kit may not require independent validation. Instead, the kit should be treated as a critical
reagent for the larger assay, and different lots of the kit should be included in the evaluation of
robustness and ruggedness of the overall assay.
Validation of assays using test kits usually follows the general concept of assay validation as
described in 1225 . Because end users often have no access to the kit's development
history, the major challenge in validating a kit-based assay is designing meaningful experiments.
Before designing the validation study the end user should analyze all available historical data to
identify potential critical factors of the assay, including procedural parameters, reagents, and
lot-to-lot variation.
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Test Kit Definition and Configuration
Before validating an assay that uses a kit, define the configuration of the kit. If test kits will be
received and used as complete sets, then each kit lot can be considered a single reagent lot. If
kits will be modified after they are received (e.g., by substitution of one kit component for an
in-house component or exclusion of a kit control in the procedure), then the kit configuration
should be further defined. If kits will be disassembled and the reagents used in an in-house
procedure, the reagents can be treated individually. In any case, the assay should be
sufficiently well characterized so that critical assay components are identified before validation.
The definition of the kit and its configuration for use in the assay dictate how the robustness
and ruggedness studies will be designed in terms of reagent lots. The definition also has
implications regarding the assignment of reagent expiration dates (individually assigned to
components vs. assigned together as a single kit). The goal is to ensure that all relevant
permutations of reagent combinations are addressed adequately.
Evaluation of Test Kits or Test Kit Reagents in the Determination of Assay Ruggedness
Ruggedness is defined in 1225 as “the degree of reproducibility of test results obtained by
the analysis of the same samples under a variety of normal test conditions, such as different
analysts, different instruments, different lots of reagents, different elapsed assay times,
different assay temperatures, different days, etc.” Test kits or kit components should be
evaluated to identify critical reagents. Ruggedness is the reported variation of test results
across different conditions that are known to influence the reportable value. Statistically
designed experiments provide an efficient, cost-effective way to evaluate the effects of
changes in different parameters such as reagent lots, alone and in combination with other
parameters, on test results. Many software packages perform Design of Experiments (DoE)
methodology, but end users must exercise care to apply these appropriately.
Applications of Design of Experiments
Statistical DoE is an efficient procedure to investigate systematically the effects of many
variables on an assay. It has the advantage of being able to determine many interactions
among variables under study. One application of DoE is to generate data to support storage
conditions and assignment of expiration dates to test kit reagents. This use is important
because the quality of test kit reagents can influence the assay's specificity, accuracy, and
precision.
The variability associated with a reagent in a test kit depends on the nature of the reagent,
e.g., antibody vs. chemical, the degree of control applied to its production, and how labile the
reagent is under different storage conditions. Storage conditions include the concentration,
formulation (e.g., dry or reconstituted), temperature, the storage vessel, exposure to light,
humidity, and others. End users should understand the factors that affect the quality of the
reagent, including its quality on receipt from the supplier (to evaluate lot-to-lot variation) and
how different handling and storage procedures in the laboratory can affect the reagent's
performance in the assay. Reagent-handling considerations are particularly important for
reagents that may be stored as a concentrated stock under one storage condition and then
diluted and aliquoted as a working stock for storage under another condition. In some cases
reagent kits may come with instructions for use and assigned expiration dates. In other cases,
the supplier simply provides the lot number for the reagent. Information about the age of the
reagent and the manner in which the reagent is prepared and stored must be evaluated
experimentally to support handling and expiration assignments. If one storage condition and one
expiration date will be assigned to the entire kit, then the kit can be treated as a single
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reagent. However, information regarding the manufacture and age of the reagents used to
assemble the kits must be evaluated to ensure that studies of test kit lot variation include a full
range of the ages of component reagents.
Robustness studies should be performed to demonstrate that at the time limits proposed and
under the specified storage conditions the reagent does not influence the assay parameters of
interest (e.g., specificity, accuracy, and precision). If the outcome demonstrates that the
reagent's age can influence assay accuracy or precision, the impact on the reportable value
must be quantified and demonstrated to be acceptable for the intended use.
If a number of reagents will be evaluated, extreme conditions (e.g., newly prepared vs. expired
reagents) can be tested initially. If use of reagents at extreme conditions indicates a strong
influence on assay outcome, then a narrower range of conditions can be re-evaluated. The
user should conduct these experiments early in development and should evaluate the effects
on assay readout if the strategy for testing and calculating a reportable value has not yet been
determined.
If a test kit has many reagents, fully evaluating all possible permutations and combinations may
be challenging, even with DoE. An understanding of the assay mechanisms, the role of each
reagent in the assay, and its known or predicted stability in the assay application can help
guide the selection of reasonable test conditions. Although convenience should be a
consideration in determining reagent preparation, analysts should exercise caution because
certain steps may contribute to poor reagent stability and performance in the assay.
Retention of Reagents, Assay Controls, and Other Test Kit Components
To enable investigation of changes in assay performance compared to validation results, end
users should archive assay controls and critical components of the test kits. This information
serves as a baseline for future comparison, provided the stability of controls and components is
sufficient. Assay controls may be provided in the test kit or can be prepared in house in a
suitable sample matrix. Critical components of the test kit should be retained. Alternatively, the
entire test kit can be retained. If the entire test kit is retained, tracking the lot or batch
number of each critical component, in addition to the lot number of the test kit itself, may be
helpful for future comparisons. Both the assay controls and the kits, or their critical
components, should be stored under conditions that maximize stability. These conditions may
be different from standard storage conditions. Adequate storage ensures preservation of the
test kit components' activity, which is important to ensure accurate comparisons. In order to
avoid simultaneous expiration, the expected expiry dates for the assay controls and the test kit
components should be distinct. In any comparison study, the assay control and representative
test article(s) should be tested on both the retained kit and the newly acquired kit. The extent
of the comparison study, including the number of assays, should be determined based on the
intended use and the assay precision profile. If the influence of the test kit variability was
underestimated when the assay was validated, revalidation may be required, and the impact of
any changes should be evaluated.
Test Kit or Component Changes or Discontinuation after Assay Validation
When a test kit is discontinued, the end user must choose whether to identify suitable
alternatives or to develop an in-house assay. In either case, the assay should be validated
using the new test kit unless the difference between the old and new kits can be clearly
identified and shown to have minimal impact on assay performance, thus justifying a reduced
validation effort. When key components of a kit are discontinued and replaced by the vendor or
by the end user, the nature of the components and their functions in the assay define the work
needed to support their inclusion.

PF 37(6): Nov.-Dec. 2011

398

Many test kits include components that contain undisclosed ingredients, and vendors are not
always obligated to reveal changes in the ingredient(s) or the production process for these
components so users may not be informed. In practice, a user may first notice that the
performance of a kit has changed. If details of the change are disclosed and the difference in
assay performance is relatively small or modification of the assay protocol corrects the
difference, a limited validation study may be sufficient to demonstrate equivalence. For
instance, changing the blocker in an immunoassay kit may have demonstrably minimal impact on
assay performance. If assay performance has significantly changed but remains suitable for the
intended use, then analysts should consider a full validation effort. When the change renders
the assay no longer suitable for the intended use or the desired range, manufacturers must
conduct extensive work to identify suitable modifications, including possible replacement of
critical reagents or, perhaps, replacement of the entire kit.
Examples
This section recapitulates and shows a specific application of the general concerns and
approaches discussed earlier. Each analyst's challenge may be unique, but the purpose of this
section is to offer a specific application of the general principles, namely validation of an ELISA
kit. When an ELISA kit is used to quantify an analyte, whether it is a drug substance or an
impurity, the assay must be validated for its specificity, accuracy, precision, limits of
quantitation, linearity, range, and robustness, and the specific properties that must be
validated depend on the kit's use (see Table 2 in 1225 ).
The initial activity of the validation is to formally demonstrate the stability of the test kit's
critical reagents. The test kit's critical reagents have been identified before validation. In the
case of an ELISA kit these include the antibody reagents, the assay standard(s) or
calibrator(s), and any included control reagent(s). One or more of the antibody reagents may
be modified with a label, e.g., ruthenylation or biotinylation, or may be coupled to an enzyme,
e.g., horseradish peroxidase or alkaline phosphatase. The critical reagents are characterized,
typically with regard to concentration, purity including lack of aggregated forms, and activity or
function, e.g., binding ability or enzymatic activity. Labeled antibody reagent(s) also are
characterized to assess the level of label incorporation. Characterization of these features is
performed over the course of the reagent stability study in conjunction with evaluation of test
kit performance and with more than one lot of critical reagent. Because antibodies typically are
stable when stored frozen, i.e., at –20 or lower, the focus of critical reagent stability studies
is usually on the assay standard(s) or calibrator(s) and on the modified antibody reagents. If
reagents will be stored frozen until time of use, a formal reagent study might include evaluation
of the reagent after 3 freeze-thaw cycles, followed by short-term storage at 2 –10 , typically
for 1 to 10 days. In this case the thaw conditions should simulate those the laboratory will use
routinely.
For specificity, the assay must demonstrate a high degree of selectivity toward the target
analyte in a relevant sample matrix. This usually is studied in two respects: 1) to show that
this kit provides a positive signal only when the target analyte is present (i.e., establish the
false positive rate) and that the signal is proportional to the amount of target analyte and 2) to
prove that the kit is capable of distinguishing the target analyte from similar compounds or
proteins in a relevant sample matrix (i.e., establish the false negative rate). The latter study
may be omitted from the validation study for an ELISA developed in-house because the
immunological cross-reactivity often is extensively studied and documented during antibody
generation. Although manufacturers usually screen for such cross-reactivity during selection of
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an ELISA kit, good practice is to quantitatively re-evaluate cross-reactivity and document the
results for the validation study. For an ELISA kit used to quantify a biological drug, the focus of
the specificity study may be to demonstrate that the ELISA kit will not detect other biological
drugs that will be handled in the same laboratory. The specificity test would include samples
spiked with 50- to 1000-fold greater concentrations of the other, nonrelevant, biological drugs.
The validation study to establish the assay kit quantitation range—including the lower limit of
quantitation, lower limit of detection, and upper limit of quantitation—usually involves
performing the assay using multiple replicates of the assay standard(s) or calibrator(s),
including the zero or negative calibrator per ELISA plate and using multiple ELISA plates and
ideally is performed over a number of days and by more than one analyst. A typical design
might include 6 replicates of each assay calibrator per ELISA plate, 6 or 12 zero calibrators per
plate, and 6 plates. The 6 by 6 setup then is performed by 3 analysts over 3 days (3 by 3).
The confidence interval for the lower and upper range of the assay then is based on the
number of replicates for each calibrator. In an ELISA the lower limit of detection generally is
calculated based on the standard deviation of the zero calibrator. The lower and upper limits of
quantitation usually are calculated based on the standard deviation of the relevant calibrator
signal and the slope of the fitted calibration curve (see 1225 ), but a confidence limit
approach also can be used. The lower and/or upper limit of quantitation should be confirmed
further with samples or blank sample matrix spiked with the analyte.
The validation study designs used to establish the accuracy (recovery) and precision
(repeatability and intermediate precision, plus reproducibility if multiple laboratories are
involved) for ELISA kits are similar to those for other quantitative assays. The same set of
samples with known amounts of analyte are tested in multiple replicates (usually 6) to
determine accuracy (percentage of observed values against the expected ones) and
repeatability (variation of observed values within an assay) and testing the same samples in 6
independent assays for accuracy and intermediate precision (variation of observed values
across multiple independent assays conducted, e.g., on different days, on different equipment,
and/or by different analysts). One also can calculate the limits of quantitation and/or
detection, linearity, and quantitation range from the standard curves used in the accuracy and
precision experiments. System suitability samples, which usually are one or more controls with
known amounts of analyte within the linear range, should be included in every assay. When
results fall within an acceptable range, they support assay validity. These system suitability
samples must be included in the validation study to ensure that every assay is valid before
results are used to conclude the validation study.
When lot-to-lot variation is negligible or a stringent qualification plan is in place to ensure the
performance of new lots is similar to that of existing lots, multiple lots of the kit usually are
tested only for robustness in the validation study. When lot-to-lot variation contributes to a
detectable but acceptable bias, using multiple lots to determine key assay performance
characteristics (accuracy, precision, limits of quantitation/detection, linearity, and range) and
reporting averaged values provides a more accurate picture of assay performance. For
instance, when some lots of an ELISA kit are not as sensitive or precise as other lots in
detecting the analyte at a concentration near the expected limit of detection or quantitation,
the limit of detection or quantitation may require reporting based on data from the less
sensitive lots.
As described in Application of DoE (above), statistical considerations and DoE should be applied
to robustness experiments. Understanding how a vendor defined and/or qualified a kit aids in
the design of a study to evaluate the tolerance of the assay to potentially small but deliberate
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deviations. For example, if a vendor specifically pairs a lot of coating antibody and a lot of
detecting antibody in an ELISA kit, each pair of the coating and detection antibodies should be
used together. Lack of detailed knowledge about proprietary reagents represents another
challenge in choosing meaningful ranges during good robustness studies. A proprietary reagent
may require exposure to different conditions to generate an appropriately stressed reagent. For
instance, if a coated ELISA plate in the kit is sealed under partial vacuum and stored at 2 –8
C, the performance of this ELISA should be evaluated after the plate has been stored at 2 –8
C with vacuum for slightly beyond the shelf life and after it is stored at room temperature, with
and without vacuum, for a time that is relevant to the assay procedure. In order to fully test
the assay's tolerance to potential deviations, one should also take into account potential
interactions among critical factors demonstrated by prior knowledge of similar assays and/or
data analysis. For an ELISA kit these critical factors could be reagent stability and incubation
conditions such as time and temperature for antigen and antibody binding. Assay robustness
related to these factors is best evaluated by DoE.
SUMMARY
Regulatory guidelines for the validation of test kits have not been established. Current industry
practices rely heavily on establishing a risk assessment strategy to mitigate risks associated
with use of kits vs. assays developed in house, but also to control the supply chains for this
type of reagents. A future USP chapter on validation of test kits should provide approaches to
determine the level of validation needed when using a test kit and also a stepwise approach for
validation that takes into account current regulatory and compendial approaches. Readers are
invited to submit comments about the content of this article and also about the scope and goal
of a potential chapter on this topic. Recommendations for examples of test kits that should be
discussed in a future chapter are strongly encouraged. Please send suggestions to Fouad
Atouf, PhD, fa@usp.org
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